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SOLUTIONS

P MARKS
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REMARKS

1. £(x) = cosec? 3x. Alt. Solution:
"' (x) = 2 cosec 3x (- cosec 3x cot 3x) - 3 2A f'(x) = —2(sin3x)-3.c033x(3
= -6 cosec? 3x cot 3x or -0CosS3x
3in°3x
=1 ( -;:I—, Y = -6 cosec:’:,f cot% IM = -2(sin 77_{-)"3:03 Z,;L. 3
="'12 .............. s e s 800008 e l‘\\ = -1z L N I IR B ) oo
4
2. x =7y + sin v Alternative solution
dx .
S o - SO IMEIA PDEIFE, both sidas
" dv 1 | , ety
—— 2= = 1y Y o “"*
- Ix T cos v A 1 y' + (cos v)(y") 1M+
= yv'(lL + cos v)
, 1
2 ; A N A—
d“y _ —(-sin v) , dy 1A ‘ 1l + cos vy
=2 (1 + cos y)< dx )
sin y wm |0= v" - siny-{yJ + cosysy"
(1+COS y)g . R R V"= Siny
- (1 + cos y)°
5
S, lez z = x4+ iy
T -z o= o=yl oo- i
= 2:
= 2Ref{Z) v iurinennnns ceeseanan cerieceas f !
i
o] = S22 :
fzf = yx* + 3 ;
2J0x?% = {xi)x
= Re(Z) ieereeerennas ceeeenn ceeenn ceeeeane 1
- 2.z, + 2.z, =2z 2z + zZ.z
172 172 172 172
= 2Re(z z7 ................... . 1A
£ 2]21221 1A
= 2]212!27{ s ettt sastat e 1
5
§ !
; Alternatively g
; z = lz{{cosd + isiad) ! § i
: = z {2089 - izing) ; ‘
T =2 o= 2z 2088 = IR27Z0 e _
, |
2e(z; = :z'cosd § [z, ‘
| :1:: + zlz: ;
: \ N ;
=iz lz,) cis(0, +9)) + {2 ]{z,] zis (-8, - 9)) 1A
= 21z 2 cos(8, + ceceassana ceenas e
I 1" ol cos(8) +0,) 14
X
.t ’
TRICTED RERCEE
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Alternative Sclution:

“1%2 12
= (x, + iv ) (x, + iy} + (Yi - iv Y=, - iyz)
= 72 - 7 v
_(xl.c2 ]1\7) febeeaeees ceracecene
5l
VAR VA Z.
!1” 3
5} !
= =12,2,)
=ﬂf‘~r_y,\7__’_‘,__, }2
LUl IR P 201
Z Nx.x. - v,7.)° e eesaaasee .
720Gy, = Y,)
= 2fxpxy - vy,
T 20xpx, - vy
=z z Z.Z. eeeesesens Cecesecsececnean

1A

1A

4. (a) x%2 = 22 + 6% - (2)(3)(6)cosB
= 45 ~ 36 cos®

) Diffarantiacing with respect fo time
dx de
o _ A
2x == = 36 sin® == eesescesecnsenan
dt dt

1]
N
~

x =/27

= o (36 ) by ()

1 s™h

"M
™

1A+1A

¢2 = 45 - 36C0S8 ..ueren.
X = /43 = J6cosh
Differentiating
dx _ 36sing , d8

© 2/45 - 36cos _dt
1 3,1

dt

= . L . =
2/65 — 18 3653
=1 ..

Do not deduct marks for
wrong units or no units.
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1A

1
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B

1A

but p < 4, p =-3 1A
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6. {a) AB* AC = 3 *1 ° cos60° 1A if vector sign omitted, pp-
3
=-2- e s e s s es s s v s e e s e s s e eosen s s ec e lA
{b) {AB + Z.AE}" Alternative 3olution:
— e — e —
= (AB + 2AC) ¢ (AB + 24C) 14 [AB = 31 .i.eiiviniinn... .1
—_— y - — — —
= [ABI2 + 4jACi? + 4AB- AC 1A AC=-},—_1_+J-—§; !
-9+ 4+ 6 |AB + 2AC = 4i + /3 1
! X <
S B e 5 la . a3 o+ 2aCh = 13
( |
o — j— i
[AB + 2AC| = /19 1A
6
Alternative Solution:
AB + 2AC |= AD (14)
AD? = 32 + 22 - 2¢(2)(3)cosl20° (14a)
=19 (1A)
= . = —
fiAB*—AL‘ = i 1
7. 2 cagses [x-2 30 or =x-2<0] or [x=2>0 or =x-2%0] H Alternative Solution:
Case (i) x - 2 20 i.e. x 22 L.S. < 0
2 - 2 4 =
(x +2) Jx - 2] <=5 S X+2¢0 aann... e 2
(x+2) (x-2) <=5 Ceeeeesecaaanenan .. 1A
- X2 = 4 ¢ =5 X <2 -
x? ¢ -1  impossible 1A [L.S. = (x+2)(2-x)
Case (ii) x - 2 <0 i.e. x < 2 (x+2)(2=X) € =53 i ievunn.
(x +2) Ix - 2] <=5 x2 29
(x+ 2)(-x + 2) <=5 chtrec et aeae e 1A jx »3 or x< -3 ...,
-x7 + 4 < =3 ¢ 2 =3 z
7> 9 . Alternative Solution:
b R e G 2 boia D (x+2)7(x=2)2 » 25 Z
¢ < -7 B2 (x7-9) > 0 ...,
Combining (i) and (ii) x> or x < -3 z
x <=3 ..., cetenans ceeanasen Ceceresacacas 1A After checking, x <« -3 <
7

G 29 RESTRICTED AE3UF



L RESTRICTED FuZpszie L

87 ADD MATHS I

&

SOLUTIONS MARKS REMARKS
8. (a) (i) Xﬁ=—3_1’:+3_j_ 1A if vector sigu omitted,
. tor divisicn of wvectors, »p-'
AC = 3i + 6] A
. C
(i1) AR = [ [AB + mAC] ...iievevennncannne 1M
= (-3 + 31+ (3 + 6m)j] 1A
4 R e
(b) (i) BC = 61 + 3] B P\
AR L3C . 4 RC3C =) | S
1 | N/
T [6(=3 +3m) +3(3 + 6m)] = 0 1M+1A . N/
A
m = % 1
Alternative Solution:
slope of BC *» slope of AR = -1
(7m + 4 1; '
1 lTm+ 1
R B T TR T T T B B S5 VY
SR L Tl Y
Lm + L J !
1 3+6m _ o
R ; !
m=-ll-; ..... cesieveasecnersannses . 1A
Loy T 9 . 18 . . ;
{ii) AR = - H i+ <3 Alternative Solution:
Let LQPR = 8 LCBQ = 9
— ot — —_— — —) —_ —_—_
_ BQ- AR = IBQIIAR] cos® ...... e 1M |BQ +BC = [BQl| Bc| cosd I
BQPAR = = S5 .iiieinnininnieiiiineiiin, 1A |BQ*BC =33 .uvevevee.. L
- ’)\ 9 2 18 2 — - ”
IBQH AR| cos 8 = /'2—6 (- —S-) +(-——5-) cos@ 1A .lBQ“BCl cosP = \[56 flTS- cosf
1.
- 2—; = % - [5 /26 cose LQBC = 15.25°
8 = 105° (Accept answers roundable to 105°) 1A {8 = 105° .. iieieinnnn .. 1.
Alternative Solution: ,
- / . b, - M
can »—CBO_ 1—-—_—+ 2, my
3 1
=2 !D FT eeceeccecaieaccennn seesee IM+2A
+ 2.2
b+3-3
(Accept é - % in the numerator)
LCBQ = 15.25°
B = 105° Liiieressccoccnnorsscccannoronees 1A

o 29 RESTRICTED WEEiF
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A L —_
8. (b) (ii1)BQ = ABA + u3C

56 + 3 = N1 - 33+ ML+ 335
= (BN + 3M)L + (=32 + 307
3N +.6U =5 )
T3n 43 = 1 SRR R TEREPPRETY 2M+1A
2
e B B TTTTTTTO 1A
{4 \_—;—— 1 "F_A_L ——A'!
{iv) BP = T+ o fBA + nBR]
1 — q =
—1+n[BA+-5-BC] ................... 1A
-l s +8 i3+ 304 1A
1 +n 5 ML 5 1
- —_—
BQ = 5i+j
BP // BQ
3+§Isl ;
T = i ieeesssseresescassanae IM+1A
3n 1
—3+—S
3+gn=—15~1—3n :
> > ‘
L= L0 it ieeeenerecansocetsonaonenees 1A
16

i
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A a
Q9 CEED) =
9. (a){4) /é\ 0A = —=
// anl = a + S0 1A
T base 3C = {(2)(AHtan®) M
(?//’
— l A
J 1 = 2all + sinQ]tane 1A
/\ (1 + sind)
cosH
B H
1 1 (1 + sin®8)
; = - -+ o g e 2
Area, S 2 (a) (1 sinQ) 2a cosh
2%l + sing;” .
- Sln@ LOSQ L) * B % 4 0 s e > e
(ii) Writing s = sin® , c = cos®,
_ 2f o242
%g = (sc)2(1+s):2C2(l+s) (=s7Hc?) s a? M For differentiating g Wit
_a?(l4s)[2sc? - c? + 53 - sc? + s5?] respect to 8 .
= .|
s<c
2
- a_{14s) (s® + 82 - c? + sc?)
s<c
= 0 M
1l +s#0, s+ 52 -2%+s5c2=0
g3 + 37 + {1 - 32y73 -~ ) o= ;
252 + 8 =1 =0 cuvrurnn... Y
(2s = (s + 1Y = 0
1
s =3 ceeer e raeeane . 1A
9 =20° or ¥ 1A
6 10
NOTE: There are several alternative solutions
in which S is expressed in different
forms before differentiation,
2 1 S 2
.g2. = a?(— + = + ),
€-8 S a (sc c c)
§ = a® ran8(l + cch)L
L alil + 57 i
or ® sin 26 i
ﬁ
s 29 RESTRICTED RNERTE
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3. (b) (i) QR = 2b cosd 1A
height = b + b sing 1A
Area A = %'Ebcosﬁ'b(1+sin®)
= b2?cos@(l + sin@) 1
(ii) When A is equilateral, # = 30° 1A

dA _ . ar
ag )

i
o

= b2{1 - 2sin?@g - sin@] or b?[cos2@ - sirj]

I~
(e

IM For sub. ¢ = 30° in 55

For finding 2nd derivative.

Do not award this mark if

there is no 2nd derivative
2nd derivative is wrong.

when @ = 30°, da b?[c0s?30° - sin30°(1+sin30°)] 1M
- = 0 teeeveesscvsassecsvse 1A
d?A 2 .
37 - b2[-4sinfcosP - cosSP] .eiiretrannen M
2
When¢=30°,-§?jA<O, 1A
s+ The area is a maximum.
10
K
\lternatively
%é = b2[cos?*P - sinf(l + sinp)] ZA
e M
cos?@ - sin@ ~ sin?p = 0
1 - sind - 2sin®@ = 0
= 2¢in?@ + sing - 1 = 0
(2sin@ - 1)(sin@ + 1) =0
sinf = % or -1 (rejected)
B = 30° ittt eereensens 1A
L ogr = 30°
L POR = 30° + 30° = 60°
S A PQR is aquilateral ...i.eieinenn... 1A
d2A .. .
FLL = p*l~2cos¥sind - cos@ - 2sin@cosd] M
= b2[-4ecosPsing ~ cosd]
d2A .
0 1A

agz |9 = 30° °

The area is a max.

when A is equilateral.
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10.(a) z2 = (cos® + isind)? Alternatively:
= cos28+isin28 or (cos”9-sin-9) + i2sindcosd iIA ? Z teeeesecesseecennnen
Z = cos9® -~ isin® 1A fz? - 22 + & = z% -7 1
1. L = cos® - isind 1A |z? - 2Z + 1 is real
z cos® + isin® 7
z2 - 22 + é = c0s29 + isin20 ~ cosO + isind 2 .7 =227 1M1
(z)%2 - z
This is real,
z2 - ()2 =2 - 2
. 5in29 + sind = 9 IME1A (= Nz T =T - 3
z 2 !
or 2sinBcos® + sin8 = 0
2Re(z) = -1
sin® # 0, 1
Re(Z) = = =  teiernrienaoas }
cos@ = - 5 cecevaonens tecetecaensrsannsnns 1A i
Im(z) = * f1 - =
8 = 2nm * zf 4
3 =+\L_3
Z = CcOS8 il + isin EI or cos ZE-_ isin EE 2A+1A 2 =
3 3 3 3 1, J3 . 1 J3 .
2 ey z=-5+351, -5 -1
U R _1_ By 2t E T2
[z = -3 7t or 2 7t 2A+1
[z = cisl20° or cis(-120°)] (Accept cis240°) ——
27 27 27
(b} Take z, = cos -3 + isin -3 » %, = cos -3 - isin — Alternative Solution:
, 0 27, . 2T, 1.3
(i) z,” = (cos = + isin —3) z; -3 + —E‘L
~ 4T 4T 1. /3, 1 /3.
= cos =3 + isin 3 z,” = (- 5 + 21)(— > + #21)
47 o o AT I 3 1 3 43
= TNy T L =2 . 2o M2 2
cos (2 3) isin(2 3) 5" % ( 7+ 5 )i
- =z 1 __L1_J[3,
g eereees e cenacecens Ceeeane e =-3 5 1
277 277
2 - S0 iain =4n2 =
Zs (cos 3 isin =3 z, ceeee st enanann :
S -_T_;'-_-_ £ o 2 _
= cos —3 isin —3 Similarly for z," =z,
4ar T
= cos(27 - &y + 1sincor - &
3 3
=2y eeeeeens te et et cacen e e 1
2 , 7 27, 4 2
, (i) z,” = (cos =3 + isin — z,° =22,
= ¢0827 + isin2” = z,z,
I R 1A =1 v e e e a s e e e in
z,_,'3 = {cos i% - isin 33 3 z; = 22322
= cos2™ - isinlT =z,z,
&L
T Ceseserresssreecacas 1A = 1 ceevesssiovsee 1A
B3
6 29 RESTRICTED AZR
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: .. 3 3n n n
10. (b) (1i1) z, " 2,0 = (2,°)7 + (z2,%)
,a ., .1
=1 T 4
= it et eseccer e e ee 1A
3n+l 3n+1 _ 3n 3n
1 2y =2yt tE 2
= z1 + 22
= =]l i ieiierecee e 1A
3n+2 | 3n+2 _ 3n. 2 (o 3n, _ -
"1 tF2 R A S A
= zl2 + 222
= 22 + zl
- = =]l i iiieieiineereaes 1A
Alternative Solution:
213n + 27311 = 2cos2nft
=2 ... seeverecnsenennnnes 1A
. 3n+l N Zh3n+1 = %cos 2(3n+1)T
1 2z 3
r)-r 1
= 2cos(2n¥ + %) !
= 2cos _2%
= =] i ceeans . 1A
3n+2 3n+2 2(3n+2)W
z + z = 2c08 ——F—
1 2 3
= 2cos(2nTt + é%r)
= 2cos %T
) S 1A
;. 21 2k _ o K >
(Iv) z)7 +z, = (z1 )+ (22) ..... e 1A
= z'_) -+ zlk 2A
j 2 k is a multiple of 3 '
= 1
\. ~1 & is not a multiple of 3
11
Alternative Solution: {ale. Solution:
i
z1Zk + z,,2k = 2cos 41:77' Cereerieaaas 1A 2, 2(Gn) . 2(3n)
1 2 3 ]- 2
a7 9
k = 3n, zl“K + z,,“k = 2cos M:;W = 2cos4nd = 2 1 = cis4nW + cis(-4nm) I
k = 3n+l, 212k+222k=2cos(4n7(+%r)=—1 1 = 2 tiecesesecesasese
k = 3nt+2, lek + z,,zk = 2cos (4nT + §_7_3T = ~1 1 etc.
6 25 RESTRICTED AER~iF
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!
i
'
|

1i.{a} 27 - 2z 4+ k =0

i
(m2)2 = 40 €0 iiiitrtarrtrareaanraaans |
e ); !
!
i

e N . . - - el N ~
(5) Let o& and 3 be che roots of z7 - 2z + &k = 7 ;
|
:‘-%—'13 2 )] i

=% Y mreereeesesceieiiaeaiiia..
oAf 3
i
i

" -
A3+ 52 = (A 4+ 32 - 3228 - 3037 !
= { o+ ANE 39070 L = 30 5
o anti o oAanD oAl i
or C FR I+ 5377 = 2
=8 ~ Bkttt it ie s

zZ + (6k -~ 8)z + k3

[

.~ Required equation is

A = (6k - 8)2 - 4k3 et ecieresestscenananannn
= -4k3 + 36k? - 96k + 64
= ~4(%?® - 9k? + 24k - 16)
=401 - B =T e i

,__.
=

It

»

[N

Alternative Sclution:

1A Com T
22 = (2-%) =21 - %
z3 = (4-3k) = T4-k).J1-x

7]

Required equaticn I
oz (4=3K)+(4-k) JI-K] §

1A , —_—
X lz-[(4-3k)-{4-k) J1-k]"®

i
S

1A

1A | 2?2 + (6k-8)z + k% = 0

The =2quation nas r=2al roots, Alzz2rnacivelr:
G O A O 18 arg{zy = * tan (/% -~ 1}
3 3
; : z” is real
i Alt. Soluticn 5 re
but k > 1 ..., 1 | Arg(z®) =7 LLii......
; X =4 or k¥« £ 1 LA 3Arg(z) = 7
(k - 4)2 <0 1a but k > 1 1 D I—
g ) tan (¥ 'k - 1) = %
k=4 1A | oo k=4 A+ /k-1=/3 -
k~1 3
- k=4 i,
11
Alternatively:
, z=12%+,1-1 ceteseeen
(C) z =1 = Jl -k 1A ‘ ¢
z?2 = 2z - &k
z® = (2 - %) £2 ;1 -% 1A ——-
z k) = i K tetesesnvensnsoansanas L =201+ T -k
= (2 -% £2 . kx-11 Pl = (2-k) *% - 1 %
o= 2 -k ) i -
N N srssesassesiesuenrsesnsearens ; <A
=+ 2 jk - 1 :

Zliminaciag k ,

LA
o= ) . - :

J - & d oL 1 i

= = 7 U B B

- Ly RS R O I I R N T N R S P O :

nara & ] ;
in2ra £ #F L 23 v me e s a e w e sy e es 03022300 i
1
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12.{a) (i) MN = MP + PN 1A
= atan® + btanf@  .......... ceseeneees 1A
L - d \/IN
dem) asec?0 + bsec?3@ 22 IM+1A or Q)
de de a¢
= 0 i teerececrrerterrareesscnncnns 1M
gg - asec”9
: a0 bsec?9 A
. _ AP _ BP 8
(ii) t = = + T rrrtresreeseeseseiiaiaana.. 1A a.
a b l \\\ N
=3 sech + P secf P
F1 \\\\\\\Qéjg
dt _ a b dg
B0 sec® tan@ + > sec@ tanf 35 IM+2A B
A M
From (a),
a b asec<8
S secH tanb + - sec@ tanf ( - bsec?d Yy =0 M
a 1 . sin® | b sing - a, cos?9 y -
4 cos® cos® v 208 b cos?9 ’
4 _ sind I
"7 - Sina ..............................
12
.
() (1) £=2 428
u v
= asec6 + h - atan® 1A
u v
(i1) When t is a minimum,
dt
30" 0 ittt ittt teten et e e M
asecOtan®  asec®8 - 0
u v
tanf _ sech
u v
N B R 1A
v
MP = atan®d
a 2
=._____‘Z__
;- u
vZ
—al
= vz _ uz .......................... 24
5
! i M s i 4 :& -:-'_}'
6 29 RESTRICTED RAER3LEF
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12.(e) A
cllén p
///////1 ¢ km
I
M P N
R i
C
+
Time required = AP " 3
_ AP+ C'?
u
For minimum time, (AP + C'P) is a minimum.
- i.e. APC' is a straight line 2
and MP ¢ PN = @ I C ceeccaserssansssnnnnans 1A
3
rglternative Solution:
! A
SN
N
\ l\, km
N q
M N
l 2 2
t = " [asecO® + j(h - atanB)? + c?]
de _ 1 2(h - atan®) asec?9
_ -3 [asecBtan® - 2 /(h - atan®)Z 1 o2 | I 1A
=0
tan® /zh - atan9)? + ¢? = (h - atanB)secHd
tan?0(h - atan®)? + c?tan®8 = (h - atanB)?sec?d
c?tan?d = (h - atan®)?
h - atan® = *ctan®
{a * c)tan® = h
tand = 13 ............. 1A
) a =z ¢
MP = atan® = aE
az*zec
(Rejecting aa? S *" P lies between M and N)
ah
Mp = a+c
ch
PN = a+¢c
MP PN = a C ceeesen csecsessrestecnscanas cecces 1A






