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Q(4, -2) represents (4 -2i) in the Argand diagram. Then

|2|=|z-(4-2i)|= PO=PQ.

Hence the locus of P is the perpendicular bisector of 0Q.

But gradient OQ is -V and midpoint of 0Q is M2, -)).
Locus of P has equation y+1=2(x-2)

rallelogram OPRQ. Then the diagonals,

sent z, +2z,, z, -z, respectively.

. OPRQ is arhombus.

2x-y-5=0

(i)  min|zf=0M =5
.aarg(z,+z,)=£+£’£.—.7_” I
Also OR L PQ

carg(z, —z,)=§+nrg(z, +2,) =l29—4”
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(ii)  Since the function is continuous,

(i) x.o‘g% TR
. Tangeitat O has
A : ; (i)
For f(x)=/kx to have 3 " H
( ) a realMls., the line y = kx must cut the curve in three 5 [(x)=lan" o _%

points. Hence 0 <k<l.
S =t e -2

i e
7 _ =(-E—mn e )—%
= —(lan" G .’5)
4

=~/(2)

Hence f{x) is an odd function.

(iii)
a)

) S
(iv) y=tan’'e -%
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tan”'e” + tan' e =c, for some constant ¢.
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(i)

ks
=4aylndx’-23—=l

etry, the y coordinates-of P and Q are equal.
ratic equation in y must have equal roots.
5
6
& equation becomes (y-s/i)’ =0 ~y=V3

2(2.5) it (~B.5)..

2 2 S 1 5
=(-12a)"-12=0 e

¥ -12ay+3=0
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y %-%-r%-—% Tangent at T has gndieni —“—, and equation
y—%--:—,(x—cl)
l"y—cl=-x+cl
x+ly=2ct
(i1) AtR, x+p'y=2cp (1]
x+gly=2cq [2]
W-2)=(p'-q")y=2¢(p-q) ¢'xM)-px2)=

(p-9)(p+a)y=2¢(p-9) (- p')x=2pa(a=P)
y=l‘_ (q—p)(q+p)x=2cpq(q‘l’)

Riaa = 2¢cpg)

Y

Hence R has coordinates (M.—u—) .
p+tq ptg
(iii)
gradient PS =gradient OS

Bl p-L

T
(73 )-a-ta-sa)

G L
P P q q

: Mo, L

= ) p+q 2

oDt ie S “pi
P

(p-9)¥2(1+ pa) =(p-9)(p+4) 2 2pg 2

J2(1+ pg)=p+gq QED. p+q P+a A

Hence the coordinates (x, y) of R satisfy y+x= cyJ2 (which is therefore the equation of
the locus of R).
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(i)

The x coordinates of P and Q satisfy x(k-x)-.’i
. x
i b:f'—x‘ =k
- =X —ki=0
Since the curves touch at P, the x coordinate of P is a rep
= " peated real root of thi
caain,Sine e crves inrset a econd i 0 convits o 0
S S equation. Hence the equation has 3 real roots of the form
a, a, f are roots of X’ —kx® +k* =0,
Coefficient of x is zero. hence
a’+2af =0
a(a+2p)=0
car0=a=-24
Also 2a+f =k and a*f =k’
ck==-3f and & =4

Hence 95" =4 :f%0=> f=-2

Then a=2 mdkﬂz_z
2 4
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® O l—(cosn9+isinn€)=(I—cosn9)-isin né
6
=2sin’ ﬂzg—i(lsin ﬁzgcos-";]
= -Zisinfzg(coslzg— +isin !'23)

(1_ £ ) forz#1 (sum ot:a GP with common ratio z)

242+ .. +2'=

(i)
2" =cosn@ +isinnd . Hence
=cosf+cos260 + 0536 +...+cos nf.

(i)
Rc(z+z’ +z’+.4..+z“)
e o i) ng .. nb
z(l z.)_(0056+lS|n9){—215"’\—2‘(6057445]“ 2)

Also =
1=z -2ising(cosg+is'mg)
2 2 2
( GO\ | 0, ngA.nB)
cos—+isin— |{sin—| cos—+isin —
o 2 2 2 2 2
sin—
2

0 (610N O
€0S — €O — —Sin —si
2 2

z(n-z-)};‘"%( z

I-z

6
“"7) sin ﬂia—ccvs(—’ﬁ

.'.Re[ Y
Siﬂi sin%

Hence cos 8 +cos 26 +cos36 +...+cosnfd =
sin—
) 2
sin & =0 for @ = 0,27, and these are not solutions of the equation.
For sin€ # 0, cos @ +cos 26 +cos30 = 0 = sin % cos*f = 0
ssind=0or cos26=0,0<6 <27

¥=rm2mor20=4%3% % 1

sz
1

(iv)

0= 5000
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AABC||A4DE

ZZ. (corresponding sides in similar As)
x=ay’+2! 4D
£ X . In ABDA, ACEA
AB _ AD
= - 2 : g N
v=[x(6-(4 +2) & NGV
= f‘(““-‘f)' & JBAD = ZCAE (both complementary £5 with £CAD) )
4 H . ABDA ||| ACEA (one pair of equal s and included sides in proportion)
=;rL(I6—32§y’+le‘)ajv
; : (i)  ZADB=ZAEC (corresponding £'s of similar s are equal)
- ”[ 16— _&"_ +|_GZ’_] i - ADFE is a cyclic quadrilateral (one exterior Z equal to interiot opposite £)
3 5 - g
- & (v) - ZDFE =180°— ZDAE (opposite £s of cyclic g al sum to 180°)
-x[(w——s—q-—s-J-o} . Z/DFE =90° and hence BF L CE
1287 s
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@iy (1., 4
(iii)
Clearly 7., > 7., ST, >N STi=1
Hence fdr n=1,2,3,.., T,,>LT,,>1and
LT, +T,,>2, giving | >ﬁ‘
T =Ty <T., =T forn=11,2,3}...
®) @)
|
I
(i)
' . (iii)
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f(x)=("(’;—':))'_".xzo

7(9)- (n+l)(n+l+x)"(n+(?;:)(:+l+x)"' n(n+x)™ )
_ (et 1+x) (n4x)™ {(n 1) (n+x) (414 x)}
(n+x)"

2 "H'::) >0 forx>0
(n+x)
Hence f(x) is increasing for x> 0.

x>0=f(x)>f(0)=>££ﬂ+—x)_.—d—>£"—“;):
(n+x) n
- forxs0, (LX) (mx)”
=

(n+ l)"‘

()

el "
Substituting x = 1, (] +_‘_) > (] +l)
n+l n

(n+2)‘"' (nﬂ)'
g
n+l n

(n+2)"" n" > (n+ )i

S(x)=

The remaining 5 letters can be arranged in the remaining 5 envelopes in 5! = 120
ways. Hence number of with 4 in lope 2 is 120.

Choose an envelope for 4 in 4 ways, then choose an envelope for B in 4 ways, 3
then arrange the remaining 4 letters in the remaining 4 envelopes in 4! ways.
Hence the number of such arrangements is 4 x 4 x 4! =384.

The event {4 is not in envelope 1 and B is not in envelope 2} is the union of the
two events (A is in envelope 2}, {4 is in neither envelope | nor envelope 2 and B
is not in envelope 2}.

Hence the number of suitable arrangements is 120 + 384 = 504.
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© @O a +b?—2ab=(a~b)' 20

a’ +b'22ab
(i) a'+b' 22ab b +c? 22
a’+c’ 22ac b +d’ 22bd
a'+d’ 22ad c*+d’22cd

3(al 46" +c? +d?)22(ab+ac+ad +be +bd +cd)

|
(i) @ +b 4 +d’=(a+btc+d) ~2(ab+ac+ad-+be+bd +cd)

Buta +b+c+d = 1. Hence, using ii),
3(a’+b% +c? +d*)=3-6(ab+ac+ad +bc+bd +cd)

2(ab +ac+ad +bc +bd +cd) <3-6(ab+ac+ad +bc +bd +cd)
8(ab+ac+ad+bc+bd +cd) <3
(ab+4c+ad+bc+bd+cd)s}
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