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Pxy = VL= x? rx TS LT (=2%)  veveesncenes. (i+l+#lA| 1 for product rule, 1 for -
- X i ; P O
! chai r :
(1 - 2%2) ‘ { chain rule
1 - ==
1 -+

[43
. R RSN o Aer—— Y
L) = I I I
[
> 4
1
= (0.577)  eariieiiiesaeeee ey 1A ‘
i ’ 5 4

1 -1= J2(cos —g + i sin -%) tetesasacsarecesanran 1A+1A{ 1 for mod., 1 for argument:

3 S

kT T4 2k A
+ 1 sin ) IO IM+1M | IM for general form

3 3 IM for De Moivre's Theorem .
|

[av]

-

for /icis-zg , J2cis 315°, etc.) -
-I
A

"7 (cos

! b
(1 - 1) =

LA

P Bk - yr ., (8k - LT !
= 2 lcns =5 ~ L 31ln ——rg s !
- Y -~
K SO s s i s a e s e e e s e o
i T , T | -
= /2(cos =75 - 1 sin —f;) or :
‘ - g - |
D g T, 3 iRl
L 2(ccs i3 7 Lsing 2T i
& 3T I
/2(cos - + 1 2in ——Z)
6
{Note other variants in arguments,
7T 5T 23T
a.z, O = 105°, 225°, 345°; B === , — , ==
“‘& 3 ’ b ] 12 ? 4 ’ 12 ]
x* -~ ax -4 £ 0
+ Ja?+16 Ja*+16
a +Ja a - -Ja*+i
& (x - ) (x - Y €0
2 2
2 I
a-Ja“+l6 . . a+t Ja<+l6 1 - Iy hn
.. 3 NN 5 e eesne s sas e IM+1lA ! for S xa /3
- - AT - Ty Tagmd .
a + \/,a‘_+1“) . 1. >oLution
Y o4t s e v e R E R . v ee ey e LiL \\i
- ; ViLer  xfeax-d o= (x= o) (x-5)
; 3 0, wherexxg3
= ja® + 15 =3 - 2 Y A G S S S b !
! 3ince 3=k TA
S 4% . 15 = 54 - lda o= 2t Msap. T= Ao M
} x o= =1 1A
) N T T vo s e . s e s s e e vase i LA i’
! i
17 . /9 o+ 15 i §
- - . - . ) o
.. the least possible value of x is ————iE————— = =] IM+14
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— 1 —— ——a .\‘
{a) OC = +r(OA+rOB) 1A T
= r i ) r - i
T rL(‘ + 33) + r(4l 35)]
L e anT e 0 - 307 1A
=1+ 1 ( ar)t T)]] easesecccancas
by AB = (4i - 33) - (i + 33)
- - 0
= 31 = B ceeeeaicaans eiresececsotssenaanas LA
0C L AB 2 AB*0C = 0 eeveeecncasonnsnanns . 1M
1 -
=2 T+ 1t (1 + 41)3 - (3 - 3r)6] =0
— R 1 _
= l+r(30r—15)—0
> r =% 1A ¥
- 2 a 3 o ‘ ',
~- OC=-§-[(1+2)1+(3-E)j]=21+j ’
i1.2. C = (2, 1) ceesonns eseseresacassseannns 1A
3
Let the radius of the water surface be r centimetres,
3y similar triangles .......... 1M Attempt to use similar
, triangles
—t =2
12 - h 12
RS R Sl A 2
r=%(12 - h) feieeaan. ceseessen cecenvarnonas 1A e 3
Yolume of water V = +(T)(42)(12) - $TE(12 - ) 1M
T (12 - w3
3(192 g ) i eeeres e 1A
T 12 3
= 77—(432}1 - 36h% + h7)
av _dv dh 1
lit dh dt *« e 0 & a . ® & % O @ s & s I s LR ] ® 2 " e a0 . . !
= ¢ by2 4 o L L
9\.12 h) It 1A
T 2 dh
2012 - )y~ —_— = 7
;}\l/_ h) ac T cesseecssesseeresa e e an sy IM
at h = o , ’
4h 3
dc (L2 - A=
i .
- the water level is rising at : cm/ s 1A iccept 48 = — cm/s3
= 2 g CO/S  meeenceneen ! A8 = ar 4 c 5
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14 ’ ‘ : ("\‘-’ - ~
1og10|x2 +2px| =0 1ff [x* + 2px|=1 ...ecenen.n 24 3 0b*°¢““”§
i1ff x2 + 2px =1 or x® + 2px = -1 1A+1A |-1A for 'and', accept ',9
(1) Let x* + 2px =1 =0
Niscriminant = 4p? + 4
>0 for all 1eal D seeveivonraneren 1A
the given equation has no double root. 1A
(ii) Let x* + 2px + 1 =0
Discriminant = 4p% = &4 = 0 Lccevarecesncrenenen 1A
1ff p =21 .iiiiieriiectenenons 1A
. s 8
The given aquation has a double root if p = 21
. RESTRICTED RIER=Ti
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7. (a) () ax? + bx + ¢
= g(x* + —x * =) tesavasenne ceeseaves - 1A
; ,
2 - 4 N
= a[(x +-7—b-)2 —b - ac] eesessaravenans ‘I/N'IA Y% Cr‘«\puhms Ao
la . <+a — ‘ y FD
_ b - jb--4ac + /hr-dac, .
a(x + 22 )(X 7a / | “A |}
(i1) The roots of the given equation are i
~hH * 2.
X = b b -tac R R R R 1A
2a
Since a, b are real, if b2 - Gac <0,
the roots are imaginary. seeecseceecerreess 1A Must mention a, b real.
(1i1)If a = 34, b= =2, ¢c = 54,
b2 - bac = 4 - 4 X3 X 5412
= B asaaresseseenes heesene eess { 1A
| 5 |
. 2 = [ha !
3ysz Znhe “00ES T e CLARLA
5i | ;
b, - -51 i i
- 2 or == (or —=— ‘ r
31 or or =3~ i), §
|
which are imaginary. '
9
(b) The discriminant = GAZ = 4(2ANE = 2hpu + n?) 1A
- =—‘{‘("\2_27\}“+/‘12)
= 24N =% eeeaeeens ceseens 1A
Since the roots are real,
~4( A —’p)z 20 ceeesenenavenaes Ve esseesanases . 1M
JOOA =M (Since X and u are real) 1A
4
(¢) Since (1) and (2) have imaginary roots
a® < 4b Y e | oa
and <* < 44 ) |
i
The discriminant OI {(3) = (a + c)? - 3(b ~* 1) 1A 1
< fa * “)2 - 2(a o) V\"A;{ \s ’,‘VML\. C\“Q Iy o ,,\-’-'#r}
i ! ’
= —fa = DT e LA }
: i
£ 0 i c.. 1A
|
.. the discriminant <0 %
As the coefficients of (3) are real, it has l
imaginary TOOES. eesescecssseremesenrssirantss M Must mention coeff. real
7
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(11) D DA

If oD A AD, -16k% + 1
{4k - 1Y (2% - 1)
- %
/\ = - o
¢+ L
=f:or}.

1]

k(1-k)a-2 -

1

= k(1-k)a-2 -

il

a

4b-b

45b

(=%

(-16k2 + 12k - 2)0B?

2% - 2 =

1]

(2b + Kk3) - ((1 - k)& - 2b)
+ [2(1-k) - 2k]2-b
+ (2-4k)0B2

16k(1-k)0B2 - 40B? + (2-4k)0B?

.
+
X
e

'?\r-*
.I"J .
e , s & %ﬂ-
___;6" MATHS T SOLUTION RESTR}CTED mnﬁi T
e 2.3
SOLUTIONS MARKS RIEMARKS
— — —
3., (a) (i) OD = OC + CD
=25 # KB eeeieninnn e s 1A
I ——— —
DA = OA - OD
iy .
=7 - (25 + ’:cE\) ....................... M Sub, in corvact expression:
= (L = KA = 2D eiiiinnreceecnennneannn 1A
— - —
(11) BA = 2 = D tevesocsesnsacsrossnnascssanss 1A
— — —
CP = CD + DP
S - —>
=ka + A(l = k)3 = 2b]  sivieeaenenons 1M Same as above
=k + AL =B = 22D eeenneiiannns 1A
- N
Since CP // BA, k * /\gl LI E’l ZM} Alt. Solution :
e N (1 £ BA = CP vevrevrnns 1N
) L LABy=cke 2 (1-k)E-2nT5
N 1A kR N{l=k) = o=
Bt T 22N = =E i aaieaa.. LM
(by (1) 2-D = !E”EICOS AOB ittt cncrcvronarsansas 1A
= 0B X OAcos AOB ) Showld ot ba omitted
) 1A
= 0B? )

29

RESTRICTED KZRTHE



| RN i

4

& — ——p T Fy 1Y e
Py 1 o : | J/ sy
" MATHS I SOLUTICH R TR} ‘: J—D IH T AT

/\r#‘ P.6
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9. (a) (i) RP = a sec® (=—22) ..... e 1Ay SRR S

L _
2Q = b cosech (= ;Igg) esacerietsrenens 1A

s RP + PQ

1

a sec® + b cosecd (0 < 9‘<'%) ‘ 1A

( = _a_ . _b
= Cos6 | siné

or \]( atan 9 + b Y2 + (atan 8 + b)?

tan @

(11) %% = 3 sec® tanB - b cosecB cotb ...iiaene 1A+1A
%% =0 > a sec® tan® - b cosecBcot8® =0 M ;
a tan® - b
cos® 3in8 tanb
= ran®3 = 2
1
3
2 tand = \fg B PR 1A
2,
é—; = a(secQtan2Q+sec39)—b(—cosecgcotzg—cosecag) 24 Alt. 3olution :
de- 3
= asec®(tan?6+sec?8)+beosecd(cot?6+cosec?s) %§-= :siﬁg - Zzgig
3 3q 3
If tand = ‘E , 0°< 9<90°, secd, cosecd > 0, | . = aSinsgnzgzsgigg
‘ 3 3
. s cos38(atan8 - b)
o ~a _!'>O TR EE R N R I A A A R N A }.N‘ = 2!
de 35 hxw{cﬁj b Tut]) 3in*Bcos=6
) s will be least when tan® = jG; . 1A - -12[%
: 11 If 9 < tan \/——; slightly,
ds
o) < 0.
-1/
If 8 » tan /3 slightly,
ds N :
dQ /O oc-ot.oo.'oo.co.olh

CKneru%zuéfqﬁ)
s 1s least when

3o
tan® = /—: .......‘.....i;
Noa

ey

o —t T, A g S gy, pThmg Py TP wfwn [ x
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. (b) (i) When being moved horizontally, the longest
pipe will just touch the outside walls of
both corridors while it is negotiating the
corner P. The length of the pipe must not
be longer than the shortest distance between
Q and R. From (a), this occurs wnen
22,7
tanb = TG ceeccrerreemeeseesenneneeneen IM+1A | 1M for attempting to
3 ‘ use (a)
=3 (B = 56.3%) tieeecaratssansacncs 1A
O. the length of the longest pipe that can
- be carried round the cormer horizontally is
0.8 sec6 + 2.7 cosecH (B = 56.3°) ceneeen IM+1M | IM for sub. a, b,
IM for sub. 8 .
=O.8XE+ 2.7}(-—-‘/1_—5 e ey N
2 3 S Rk e o e i
2 4,69 m  (6.6B7)  aerenneiriiininiianees 1A — O.Bm“—‘v ‘
44 T3 rzhe heizhz of the z22iling is T o=, ih2 ‘ < : SR
langch of tha lengest pipz that zan o2 f\\\\:;
~arried rTound the I0Trner 13 : P
32 + 4,687% Liiieeenn N e 2M
N A T 1A U=
9



P’

SRR et
s
[

S
»ﬁI@D MATHS I SOLUTION
o

RESTRICTED &

it 7 3 hee

AT

: P.8
v .
SOLUTIONS MARKS REMARKS
1 - _ 1 ‘
10. (a) E{w + W) =-5[(p +ql) + (p - qi)]
= D iieeresesacccasereasreraesnasaanas 14
1 1 p
5w - @ =570 + ai) - (p - qi)]
2 seeeessssensssacas cesesrraasacevse 1A
p=alv + @)
1, z =1 z - 1
—-—2-[ z+l+ ('z+l)] ceeeeassessascansevensn M
- _(z-D@E+ D+ (F -1z 1) 1A
2(z + 1)(z + 1)
25 ~ZT + 2z -1 +Z2z -2 +7 =1
= s Fz vz D) Show working
- =2zl e 1A
2z + z + 7 + 1
’. P
q:ﬁ{rq-vg)
T e PP 0
_ Ltz -(@E+1) - (2 - iz + 13
VEL (z + 1)(z + 1)
o lzz+z-FZ~-1-%z*+*z~-2+]1 2”1 o orkin
T4 2z + 2 + 2 + 1 | ShOoW WOIXZng
_ i(Z - z)
i aenas e SRR EEEEEERRRERRREE cesasens lé 3+2 marks for p, q
(b) (1) w is real & q = 0. 1 | Optimal
- S0Z = Z = 0 daeeeccraseccncssasasennas 1A
The locus of z is the real axis,
excluding z = -l. ........ treeeeenans ciea 1A+1A
(11) w is purely imaginary & p =10, q # 0 1 GP¥UEVUQ
zZ - 1 =90 di.e. x2+yr =1 ...... 1A
The locus of z 1s the circle, centre O,
radius 1, excluding the points z = =1 1A+1A
(144) [wl? = ww
_z - ! fE_:—?E
z + z + 17
o {z = Lz - ) .
e rarm ey R PRPEPERPERRERRE R A
A
sy =ZEozoze o 1M
zZ + z +Z + 1
2z +z+z+1 =2z -2 ~7Z +1
z+Z=0 ...... teenesenerennes e 1A
" The locus of z is the imaginary axis. 2A
——
e—— TG . W e g W W, 2% Y el T2l
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10.1 (a) Alt. Solution :
Let z = x + ly
- - + 1
e L e 3y
%2 + vE - | 2vi ,
- =~ 1A
x+ DZ+y?  x+ D2 +y
_ _x2+y* 1 2vi
T D Fyr T x+ D +yT
1 _ x2 + y2 -1
| A R VLR
= D teceesesrssenssccessaresences 1A
1 _- _ 1 4yi
P AN CIE VL
= eedavesecessenacnan ceticasresves 1A
z7 - | . x? + v2 -1 1A
1 2z + 2z + z + 1 =+ ve s fx o+ Lyd o+ {x - iy} o+
T T oY - Tk -
| =5 e . ia
3 1(Z ~ 2) _ o i(=24v)
7z + 2z + 2 + 1  x° +yc 4+ 2x -+l
= secessesessscasssssosencess 1A
7
B
..‘. (b) (1) w is real & q=0 ........ tesasnaesans . 1 OPTL;U‘Y\WE.
L A seetesrsesaaannas 1A
The locus of z 1s the real axis, excluding
z = =1 1A+1A
(11) w 1s purely imaginary <= » =0, q # 0 1 O])‘h/LmQ
2+ y? =l i, Cereaanns fereeeas 1A
The locus of 2z 1is the circle, centre 0,
radius 1, excluding z = £l 1A+14A
x]_li) !YJF' = '»7{;
L s 2 2 L2
= 7 T eI R S A 1A
[(xz D+ v
lwl = 1 & [(x+1_)2 + 472]*= (x2ev2-i)2 + 4y 1M
[ (x+1)2ry2ex?ey?-1][2x+2] =4y 7
x[(x+ D2+ 321 =0
Jox=0 (asz=x+ 1y #-1) c.iieieaaasn 1A
The locus is the imaginary axis. 2A
l 13
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11. (a) tan® = tan(BAC = DAC) .ieceeseercnsesronecannn . 1
- tanBAC - tanDAC M
1+ tanBAC tanDAC ------------ s e s eensace I\
30 10
= 30 10 Show working
l+—_'__
X X
__ 20x 1A
—m ceeseesseasec st s e sassanesese ue e :
(b) Differentiating both sides w.r.t. x,
d . 4. . 20x
dx(tang) dx(x2 + 300);
de  20(x2 + 300) - 20x(2x)
- N
becgdx (2{2+300)2 T vensese s e 1A+1A
Jut sec?? = ! + tan’% |
_ (x* + 30002 + (20x)° 1A
<:{: - 300)2 ....... R i
. 48 _ (x% + 300)2 20(x? + 300) - 20x(2x)
=T o dx (x* + 300)% + (20x)< °* (x< + 300)“*
- 200300 - x*%) 1A
x4 +'OOOXZ+90 000 s e s s e s e a0 s e essesnas
- g% =0 & x =300 (£ 17.3) (-ve root rejected) | 1A Accept x = * /300
When x ‘<J300 slightly, %% >0
de
When x > [300 slightly, Tx < 0.
O, B is maximum when x = J300 ...iiiieaninnne LA
. 6
|

in R ofak i ol Fanks ol snl oWl snled! Sl /. o
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e _ = d6 _ 20(300 - 50%) .
11 (L.) If = = 30, d"( DO+ - lOOO(SOF F 90 000 " MM
_ _-4d 000
3 840 000
= -0.0050 (correct to 4 d.p.) 1A Follow through for -0.C0Z
1° = 0.0175 radians
o4 L - — N { 7 A > dg \ o N
Since 1 x = —QFG— (or _SS—EX—_“{ T evaee . M
dx
at x = 30,
-~ 8
- Ax oz f}%%{%%éi .................. Ceeeeeeaaas . IM+1A
= 3.5 (correct to the nearest l(]i M) ceee. . 1A
6
N 20m
n
4 X meltres C
(d)Y At © = 0, B8 = 0. teeeeeesesassonooescansonnsasns 1A |
|
— At x = J3009 E
{
= s | - . N .
tan 6 0.3577 Afha.; he udoiarid i :Wa:‘
8 = 0.524 (o1 30°%) et iiereceann 1A
AS X209 , B 0  iiiieirrtsereetentscansanvonns 1A
%
36 T (13,052)
]
S+ T /
:
i
! : : + . ; : >
¢ 4e 3¢ 120
E 2 |1 shape, 1 tail
] 5
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