
(l) (o) On the s.m. Argand dia86m s*etch th€ loci 8iven by the followlnt equations,

lz-ll =1, .,arc(z+1)=L,, "' -, 
12,

, 
(r) Shade on your dlagram the retlon for whl.h

lz-tl<t ana t.<arrir+i<L.
t2 '''2

,argiz +D = t. (4)

(r)

(lf) (o) show Ihat the transfornation .=4, , *0,

maps lz - { = 1 11 1661ptane onto lv,j=lv-{ h rh€ ri,.ptane. (3}

Ihe regbn lz - { < I h the z.plane ts mapped onb tft. reSion ttn the w-pl.ne.

(6) Shad€the rEgbn fon an A8and dlig.am. (2)
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2, (o) Use de Moivre's theorem to show that

cos5d = l6cos5, _ 20cos3 d + 5cos,

(5)

(r) Hencefind3dlstinatsolutionsottheequation1615_2013+5r+l=0.givingyouranswersto3
decimal places where appropriate.

(4)

( c*e*isno)t = Gop*is,n&

(cos$.iJrrF)t= [ast+[,;1*<g6rn0 -(0(or30un1g - tcxcor..s,nb +SGsg'rnt + isrn'
elurtrnS rrnl- pork -)

los$- krb-totofQs,n B rb(ccosrnrg
Cos59 = Cs'g - toCosrO (r -cosrs)" 5Cr,0( t- lh,gr(oscg)
F.P = Gssg -16 (osSgr-[otug+ $os$ - itic"rgusCo, re
Los5O = (5[6ss$ -2OOJ3g + SColts .,

l6rt-56ts+sL = -t .) (os50 = -t It I =619

'{, n50, Gs-t1-,'1 . [,3(,Srf =) 0= fr
.: ac= Cos { ' 0-80,1

r = (o" T, _0 309

I= (osi( =-\
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dr
(6) By dltrerentiatlng (l) trice with rBpect to x, show ttrat

=x2-y2,!=latx=0.(D

# .,,ff.\ff)' -,=orot

H.nce, fo. (l), flnd tl,e sertes soludo; for y ln asendhg pow€6 ot, up to and tndudtng the terfi
ln t'. (a)
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4. (o) Express as a simplmed sinsle fraction 

"_lt' 

j (2)

(D) Hence prove, by the m€thod of differences, th 
" Z *2* =, - i.

.!- -L -rt-(c-t)t= 2r-\
c) (r-t)" ez E-0. ffit;"

b) i H*,=
czL

(*./'L{.qfl, ' [,,4';
r-It rl' *
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(5)

(tr+t 1*t)', r(zr+r)'( ,r-&
\)

Qx+)(ex--z)" - L(zr.+l)" (sr-r) > o

@z"D(sa)[6"-z) -rbx+r)] >o

6r"! fs"*)f gr-. -L*-:cl >o

- (zr+r1Z:c-z) [zr' --Lz+z) >o

-(zr+\Xsx-z)[tr- )Cr-- )
6z- +sC :. -)?.

a\wo1.

>o
.1. Ao $,:* rqr
>o

-Y&'*"s
/Z
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Usintthe substitution t =1, or otherwise, find

r
I x e ,' d.r
)

Find the generalsolution ofthe diflerentiat equation

dy^x-+Jy=rc' , x>o-

V =x]
* =z*dL

(6)

(4)

I 
r'e "ax-

.!= dt = a.d:c

( i.i'u.'L t,

b) H* a,
|et (t*r) :) -;"-r"(x,*D

t.F f(r)= J+'tt = 6r,'*)3'*e

i$e-bdt
t a-'

=e:f

z

a ,:3 " !*3e-r

J ,"od, <d,r, ,>i[t,u-tat,

-f ee.-t +

-'LL"-'-

a
tle-*4 trf'*=*3 -; 1661=,a'e*'6\, \',

?.

, -i* (r"rt) +c

Le-{(rz+t)

v .-O*

v/.e-tr

-',ltL-
U

f,c'
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Th€ polar equations ofthesecurves are f = dll + zgos 0l and

r = ol5 -2 cos 0],, O < 0< zit

Figure 1is a sketch (nottos.ale) ofthese two curues.

(o) Write down the polar corrdinates of the points,4 and I where the curves meet the initiattine.(2)

(b) Find the polar coordinates of the polnts C and D wher€ the two curues meet. (4)

(6) Show that the area o{ the overlapping region, whl.h ls shaded in the figure, is

ft( 5",o)

B (roro)

fug,t ;'9'€rt
r--a(3r?(l)),to

a,
- (a9z- a8!3)

c/(s+UoDe) = /(saUo) , 4foJB -- z .)

o(+^r { )

erto. = Z(P*o)

c(t", s{)

o* - / | ! f, u ct-2-c"se)'de */f* t *z-,-iae]
3

-g 
- ,.

= aL f l"zs-ldse+A(lr!rGcZO[+J'f +rzc"re *+(L+L.c2e)au]tuo 
f

= a, L,1t'"&?-eoCdg+z(as Lodo *S=,, + rzc'se*zc*zsdo I
= o, L I r+e -eosrng+S,"rt{''1C rrg +rLSrnO *s, .r r.ef 1

E
"o, L Lon - ro(a +Q ] + f(rrr)- 1qr + efa.91

= o. f ry-ra(e] = tor(q.nn--ta(3)

I
A logo is designed which
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dr dr
, . _ 6-+ 9y = 4er', t2o.ot o1

(o) show that rces'is a particurar inte&a r of the differentiar equation, where ,.isa constant to b€lound. (4)
(r) Find thesenerat sotution ofthe d ifferenriat €quation. {3,

Given thata particutar sotution sathties y = 3 and q 
= lwhen t=0,

(.) ,ind this sotution,(a)

Another pa rri.ular sotution wh ich satisfies y = 1 a nd !l = O when t = O, has equation

y. (1- 3r + 2r2)e3i.

(d) For this particular soturion draw
Det€rminearsothecoord,"","";,'Jj:l"il"*ll;:T#:f:,""l,l"THIesraphcross€sthe.-axis.

a) q,6gr"se
i-'= eute"t + 3t t'e.sh . (zr^t r3ut")e.3t
{, = 1zr.+6t b)ese +3(Zr^t +3uez )e3l
d" , (r,^+ lzt^E +1t^uL)g3ts

. ltLti
-bc
a9$

(2r,,.* tZtrt +nut')ejf r^
(-rzuU-,t,^atirsr Jrc" Lv,*t-

+ tl"1gt g3t- 
=kj* z a^tb :.u-t'?-

,.1 = Ae-*t
H',Anre*t
$t=gnz"nu

g// -63'+9U o o C.*'Q*e$i'
fie,*b(*L-6r**ot ) 'O(o @-S;-,o -'- f\^ = 

j RA

b) $=6-lge +L*)tE
c) b=0,5,t -I-.4 g= (r+&+Z()dts + g'. ta*41g$g(raf+tt2)e3l.

bOrg.O =) 0.8+3 ,. g-+_ -, S= (r-3L+Ztt-;.3t-

A) 
3= 

(at-t)tta)o3t
as !,-a o g. att
q> t-fao $+o
lf oel {7t
bso t =e,eo= \

5' ; ( qe 3)e3l+3( | -31+z+z)e3}

5'= (at'-s+)e3t - t(6t-S)etF

3,:O.^.t1f l2 g=o trf
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/,1 \s. z=,t[co.]l-isin".].a,a",={"'"'"'i'i"'r:1

Express zw in th€ form r(.os 0 +i sin 01, r>O, -,.<0<ft
(3)

zr,i z rz ((os $+i Srntr*)(Crg* i S'n{)

ic*

{+

to

Er(+'

rE
Lq
ltt .

\cf

--rr (Cos

=tzf(or
= rz ftos

Srr

'('l

)l

Ir
,h(

Srt

6rrr
\.+

JrO

lfr-\
*)

s

t

611

+
).

S,

Ltt-
jos-:.

.2Ir-3
tr+ i

t rri)ti (C"rr5t,^t + Gyq$,€)

,q.'g) J
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10. (o)

(bl

Sketch, onthesame axes, thetraphswith equation y = l2x- 3l' and th€ llnewith equation.y= 5'- 1'

(2)

solve the lnequalltv lzr-rlts'-r' (3)

1

:,-79
f

\rr-gl ,5r-l
C,.tr3 a4 r.c1r'cotcd- e^/,. e" tr

2*'3 = \-'Sx-
?x=1

*29
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A
ftt

2_

(frr+s)

11. (o) Express 
, 

-_ 
in parflat fractions. (2)(.+rxr+J)

(b) tencc prove that f 
-\= 

5n -l3t
_u 1, _ t u, _ 3t 

= ij,iii- 1.
(s)

2 . ft(c+s)+ 6(f+t)
rs-l z) A=l
r:-3 ) B=-l

#)+
G ^'-.)*/ t -r\\/' t*? I

+6 =)ffi

-l _Ir+t r+3

1&",, =
G

f 3 \

c:L

l.:j
l"

.r-z)4l+
s

t)/ _
\ net= i*a -*"-

5t
Z 

--L n+L

-Ln+3

l.
n+3

lsn-1

f3n-r

7=h

_rX
4l+
(*-v

G-

6(n+'r-Xarr)
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12. (o) Use the substitution y = vI to tr;ormlhe=-€qua o

dv _14j-v)r.r- vt
dJ ll- ''>o

lntothe equat;on ,! =e* nl..
d,

(b) Solve the differential equaflon I to find y as a fun.tion o, r l5l

(.) Hence show that y = -211- --A
ln i -, where c is an arbitrary constant,is a general solution ofthe

(tl

d iffer€ntial equation t.

J zvl

{+a_N__
av-

=) b-= v +x-.p-
dv- d>t-

6"- r*>t"-r*l = *{\(r+-v)
LL4

:> *#=6*u)(r+v)-v = v2+4v+4

b) --) $ QrrFtav - ! y"tr =) -(v +2)-t < tn x- r C

r.) -!- .-lr.X-C = lnZ-t+rlv+z

,) {+L=

g,-

I

A-lnl-
V=

c) 5, -')-- I
hr+ t

,rc

ftoc r[

.->-_

.:. 
J, 

-zr- -
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13. Glven that, = 3 - 3lexpress, in theform d + ir, where o and, are reat numbe6,

lol ,', (21
I(b) :. (2)

{6} Find the exact vatue A eact ,r lz ,tz,lana 11]. {2t
.'l

The cohplex numbersr,l and 1 are represented bythe polntsA, B and C resp€ctively on an Argand diagram.

The real number 1ii represented by the polnt4 and O ls the origin.

(d) Show the points A, A, Cand D on an A€and dtag.am. (2)

(e) Prove that A)Aa issim ar to &cD. (3)

q) ?2 - (S-jix3-3i) . -lgi

b)+ = t8
. J- +I:

L 6t3-5i 3+3i

c) l=\ =ffi" = 3JZ letl =tB

Iil e =la

I
6

6

r 3+3i

9cL6,L)

g (0,-6)

ocr rt
q)oXtB
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14. (o) Find the value of,l,for whlch 
'ir 

co3 3x is a pardcular integralol the dilferentia I equatio n

d).9y 
= -12 sin rx 14)

dr'

(b) Hence find the genelal solution of this dltferentiel equation (4)

The particula r sollltion oI the dlff€r€ntial equation fol which y= l and E =2 atr:0'isy: g(x)'

(.) Fi.d s(r),

(d) St€tch thegraph ofy = g(x), O s.xs ,r. (2t

) -- hrc(os 3x-

i, , -a^:cSrn3rr- r- \Cos3x-

,a" = -Qr\r(os3r -3AStni>t -31S'^$c
J

nra q Mosir
-.}, -r1 trrto>3r- 6l5,"3)L

+ 't Jrt ' LrG,s3,.
1_

, -1hfos3t-6[,$n

-lr.9rn3x- a -6ASr,rjr ;- A=2-

b) i,;iil:: #:,t;fi.o
1,,, ^u?unn /o =o fir=lti

r) x=o7 tfl g' (+Zr) bs\*+ €>S,a3,- --
g'' -](1r?r)Srnlr + C-6r3r+3B(o sj.

L r ?- +3c3. :- $=o

l= *

{.o 1tz2-

d)

lltr
b

3,* = A?'s3rc+bs'n

,:1. Qar)bs3r+85

k
6

1=-(tttr
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15. Figure 1

Figure l shows a sketch of the cardioid Cwith equation
t = dll+.os 0),-r< eS E. Also shown arethe tangents
to C that are parallel and perpendicular to the initiat
line. Th€se tangents form a rcctanEle WXYZ.

(o) Find the a rea of the ,inite region, shaded in Fig.1, bounded bythe.urveC. {61

(bl Find the polar coordinates of ihe pointsA and I where WZ touches the c urve C. (5)

(.1 Hencefind the lentth of Wx lzl

"1,
Given thatthe tenath of wzis iffl.

2

(d) tind the area of the re.tangle WX\z, (1)

A heart-shape is modell€d by the cardioid C, where o = 10 cm. The hear shape is cut from the redangutar card
WXYZ, .hown 1n Fig. L.

.(e) FInd a numeri.al value for thearea ofcard wasted in makinsrhis heart shape. (2)

*rvrr = t;r"".[& a,*itee
,tfr, o 

a}r+2(or9+(|1|6.sts)d.9

+'F+4tosD +cor2ors= o" J ! +?ro.6 +{ (o:,Zsae
d

= io.C39+4Sn&+-r.5* 2of = !^'(Sr) =!r^'
5) ft A a"rt B/ tcnDr^* to corre- trrp b (tartqt tuc- &.Oe S=o

% , a (-S,,r O -?-CosOSrnO) "e =y L9V6U'0. -S/O -..0u0'-L

=t^ r?"rT)s(ilT)

v,-'-? (os0 . qCl+(o0)tosg =a((or0+Gs29)

:. e"

.'. Nx i ?L^

,{) Av€r^ = ft,. rff^ = S^'

ry,'{ r.a(r+(-i))
c)

o) tda,rkc- = (ry-3S)xro' : rflg*z
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t3 -l llxxstbnuriaD f &orr ttre:-plaDe ro ltre r-plaDe rs defued bv

:+i
11' - 

-. 

:*-i
r_- _t

lrhere:=ri n. r=x- ir xDd r.r rindr arere.l

rransforlx dre crtle : =t h the-=ptaueorro. str.,ghtti el dle r-pt.re
/a/ Fird atr eqtrnrion ofz siyi0g _\ou .nnver ilr rerns ot ,.u.t r (5 hnrks)
rrr Sl,ns rbar ftmr\tbrtrl) rtre tr{re I , : = 0 x

cj\ u! rr,( jfrrrp.ir,d,.ri.trr. ot rt.r, crctc 
rrlc:-pl'xeonroa.x.hrllr'L(,'-pt.,r'.

(6 mrrks)

(3 r'Irrkl)
r) On. smgl! -fr-s:rDJ diigr.rr skerctr I and C

.) trliz -u) = Z+l
rAriZ-7= hJtl

z-( r.^r; - l) = w+\
Izl twi-r \ =1 !.rftl
tu-l luri,:il=1.^r+t\

l-,1-iI =turtt\
lr.'+i t =h^Xrl

+g
utz+ ( v+t)

.-. W=V rrr .^r-pl-"

=O

b) loor.:=ilr-=E Z- =e -.- lrl+..,rr *{a,a- ro-t ..^-

/z (J+ I

-
(Jr -l

/z -(u+il(v+t) +r.rv -tl,(utr) - v(vtr)

:) laarq.".e; t 0r* r, ?*lo *)

,:) z) u2+tlrUt+V =ov+r)

+t)'
[tr+r) = -v (

0*'J*t'
u

=) E + -'- (1rr,tra- 6-Ct,-t\ r, t
L t^=v

t

h+t)riv
-(v+t)tir.l'

i\zr.a- f a- r a^" '...

x f -cv+r)-irrJ
t -(v+rl-iul

- {*.n:1(:"0
rr2+ (v+l)'
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