
F?2 Lo!}-A$e\

Solve the differential equation

to obtain y as a function of*.

dva-3v = xdx

(Total 5 marks)

r e-i'* - 3.-"*S' x-e--3*
dt-

-Z(z--rlXz.*\)
(x--l)

70
@

lF +(rc) ,2.'lz.,lx- , €'n

a $(Ce,-a) = Le-Y + J.-"* =!tz:.*)x-

=) Sc-i'c, - !xz-'t**ijg-t'a*
') gg-sx- = -;*..:3r'-\e-3**c "' $' -\-'),, *ceL

-.<

2. (a) Simplifiz the expre..ion 
('j i..]!tj 9) 

-(jx-5), giving your answer in the form

a(x+b\(x+c\
, f where a, b and c are integers.

(b) Hence, or otherwise, solvet, .. (x+1)lY-ql
ne Inequatrty ---*_1 >3x_5

(rc-g>cz.O - (jLs)H)
(z-t;

-Lr"+aOL*e
ca-r)

lc) -2 (rc-rr)(ztrl) >o =) -z(r-rtXztrXz-r)
n -\ I

(4)

(4)(Total 8 marks)

r^'r( v . -|e-3r
Ul ,. Vr: g-1r'

(a-l)

f'/ / //)
N.-\

of

I <a<\1
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3. (a) Find the general solution ofthe differential equation

(b) Find the parlicular solution for which, at x : 0, y = Z and

. d'v dv, " --a-1,,-_-2dx2 dx '-',/ - '1

dv

f = S.t6xrotui l4 marks)

(8)

$ , ft."L- 3(-:l'-.1= o
.Yr =Arrreo- 

v

01, =n*"r.* nfltCa-"=1^ -z) =o
5= aai'+br+c

5'= 2ar +b

b" - 2b.

(3m+)(rn-r)=o
F'---L- 0A= \

3

$"r'Ae**gi?-
Je. - a.-1l*l*-L*

5q
-b -Zqx.
-Zc-Zbt-- 2a:y]

( ao-u-Zc) - (24+?b) a'U"?

b= * -3-\.-zc =c>

- - -4F\-_ +

rD
-3''

t.
':a.t

2-.i g = Ae-* + ge- =t* 'l:.I+l,--L*
\)

The diagram abovc shows the curve C1 which has polar
equation /: a(3 + 2 cos 0),0 < 0 <Za and the circle G with
equalion r= 4a. 0 10 < 2r-rahere a is a posirire.on.,in,.

(a) Find, in terms ofa, the polar coordinates ofthe points
where the cune C1 meets the circle C2.(4)

'I hv rdgions enclosed by the curves Cl and C-2 overlap and this
common region Ajs *aded in the fisure.

(b) Find, in tems of a, an exact expression for the area of the
region R(8)

(c) In a single diagram, copy the two cun es in the diagram above and also sketch the curveci with polar equ ation r : 2acos,,0 < d < 2z Shoi cleariy the coordinat", 
"r,rr" f.irt,of intersection of C1. C2 and C3 with the initial line, a_ O.i:lfotat l5 marks)

0:0

a) 6(e+tcoso)=44 =) 2cosg:l =) (s1a:f g"$r-E (Ao,Yu); h^,-Sj

Amo = a.r f se.*o. + Cr^rdo) 0r,/t]

Cos2e, 26fo-t
4cofQ {or2$+z

o = lf /cttg + {$+rr"uel',lel

= *L'T *J"" + rz6ee + +cof o "(9 I
= o" ['S "$rirzroso + tGstodel

= at ( rojl+ 
firo t rzs,.,g + s,"of )

PMT



= ^. 
( $r + [rrn](, rrtenr'" .E)l) 

= o. ('S * 3s - +) . $ (zorr - arf: )

5. (a) Find. in terms ofi- the general solurion of rhe dilferential equation

d2r dx

*u 
+a;+3x = kr+5, whereft isa constantand/> 0.(7)

For large values ofl, this general solution may be approximated by a linear function.
(b) Given that & = 6, find the equation ofthis linear function.(2)(Total 9 marks)

tr=freus 3Cl+*r,'+3x"O L.attb t,O
I, .eme*b ACE( nnar*dm+3)'O &, = A t 

t1. ' t^
uri,rb"t fo . - &d=o *g:-,3at+Xb

k'^+aXrta+t) 
go -1 

-
n\,-3 ,\'-i kU+tru 3et+4cr*3b

..- iLcr Jp E+tsc;s€ s ' q' tL {u+su '5

=, !r, , tt t -t*n 
a 5'-[tr+f

:, L = AejLs6q,.*+ j lrt- Sr* 3

b) cub+o ha'*Lef€ -)o cr,-) zb-l
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(a) Find, in the simplest surd form where appropriate, the exact values ofx for which

i*: =l1l 1,;t lxl

(b) Sketch, on the same axes, the line with equation y = 
I 13 and the graph of

l+lI l*l'"0' (i r

(c) Find the set ofvalues of.x for which I *: ,l1l) t--t- tnt
(2)(Total 10 marks)

l=?*.
8 = !2r6lc
I-z+$1-Y,g
(:r,ra)az t+
f,=-3!,trT+

*=-7-"
I =-t-a-6l-
9<-a+6:-+3=9
(r+4)(x-+1)=6

7e') Yr'7
-$. !c <-L or U_z - 3+.I-r+

a-

7. (a) Show that the substitution .y, = vx transforms the differential equation

dv=*_lv. 
x>0. y>o (r)d-r )) x

into the differcntial equation , !t = 2y -r 1 1U; (3)drv
(b) By solving differential equation (II), find a general solution ofdifferential equation (l) in

the form y = (r). (7)

Given that/ = 3 at r = 1, (c)find the particular solution ofdifferential equation (I).(2)

g= Vx-

dr.rl 
= xAV.rvd'r rr-' - #=*fl.+z{

e) r4.+V = #*rX , -*#u =f +3v )xAv .g+zv

, 5cdv - r"3 --r@ .olv = qid-rL' -T -li}*i'" -.1

'-> dlntzv2+t\ =lrrFc( .rc
Inzi +4c =) 2f,r-t = Al k ew

,7 v=pF. &+
a *--e-q -)

-) ln
,v 12,fur\ =

- Ir\lY-t
\,2- .1 C rrs)

1-B-L- t. b.\-) U- Lr"e -Lyc
-: r{r.5-t/
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The curve C shown in the diagrarn above has polar equation
C

r=4(l-cosg), 0<0<L.
2

At the point P on C, the tangent to C is parallel to the line d =

(a) Show rhat P has polar coordirares [2, " I .tSt\. l/

The cune C meets the line 0 - L at lhe poinr l. The tangenr

at P meets the initial line at thc point N. The hnile

r- k(r-GrS) g=E

b) ./' :1 oN=l
7 Ne NP=fg

H"

region R, shown shaded in the diagram above, is bounded by the

initial line, the line 0-L,thearcApof C andthe linepN.

(b) Calculate the exact area ofR.
(8)

panJtot ro B=f =l k=o f=rCosD : 4(t-(osg)Cor9

=) :L = 4CosE - 4(ol29

=) JL 
= - 4SrnO + 8(orD S*rb

ae
-) Ecar9 S/9 - 43& =1 ft69= {

f = t(r- t) =z :. ? lL,E)o
,- e.E

E

i .,(.ErrJr.(r<oofi9
Fervr^"G 3

)-
olNltr

t- 26sO+ (*(orze+t[O = + * 8d.a--z-o +ibsee l$
3

-tCoO +(os2oJo = E +t f3o-tgnO* LS,r2e]:
3

f
1,(= !a+ 8l7-b

t3
t =E.n+ts

s.=q.* 4 [. (rE -+\-ffi- z.ra"+)] = E*tL[ * E-*]
P--Zr'+ rsJE -16 .P.-- E+ 2n r€ -16
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10. tr' ,tt* =2y'+t1-2xl! (l)
dx' d-r

'----(") Bvdirrerentiating;: 

:;* =.;,,".,r-"r. (3)cr" dx' dx

Given that y - l un'dvo:=latx-0.

(b) find the series solution forl in ascending powers ofx. up to and including the term in -q.(4)

(c) use your serics to estirriate the value ofy at r = 0.5, givi,g your. answer to two decimalplaccs.( l)

*r[r"-O$j =;!(21'1* d [cr-2,,-)S1

= a'.43a +(rz+r$l2 = eurelA -:./::-+(r-zr)&_
ALL 'At) J cll- d.J- dt>

-, (2"")H = (r-\r$+th-e)$ {
\=o $=t 3i=, =) ( Dg:i - Lk)>+(r-r(O3 ,) )! , 2-+r .3

r (,)it; (g)+ 2(r) =).j"o 'S
.: 

3-- I 
+ !-++* *t-t ec= -o.S =, U* o.??
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11. The point P represents a complex number z on an Argand diagram such that

lz - 31= 2lzl.

(a) Show that, as z varies, the locus ofP is a circle, and give the coordinates ofthe centre and
the radius of the circle.(5)

The point Q represents a complex number z on an Argand diagram such that

lz+31:lz-ii3l.

(b) Sketch, on the same Argand diagram, the locus ofp and the locus ofp as z varics.(5)

(c) On your diagram shade the region which satisfies

lz 3l>2lzl and lz + 3)u lz-ii3l. (2)

l(:.-l)+iy\= zlr+iyt =) (7--s)'*J"= af*tXi
=):(3-5>c+o) +',fto {r-2t{z + ?*r1,;Sbt--n

.) )La+2r +f :3 =) (z+t)'+f = Z'
louu!,3 

^' crrG&- C(-tro) e =l-

(a..* prs itcoogl^
ea^*ac- )

!c =o , gL.3 =) 3=f3

tz.-3l r.zlzl
:) wrltrrn crr3.l€-

Iz+31'z lz-ifrl
.> b*t toiG
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12, De Moivre's theorem states that (cosg+isind), =cosnl+isinnl for n efr

(a) Use induction to prove de Moivre,s theorem for n e Z+. (5)

(b) Show that cos5d: l6cos5d _ 20cos3d + 5cosd (5)

(c) Hence show that 2cos3 isa root ofthe eouation
10

4 -)j--5r'+5=0

^z 
t (CoSO+ i S'aO)' . Corg+iS.ng Cosng+i S,noB r CosD+iS.rre

-'- tr* f,llrravr rr !3 I

q.ssr,ac-*nre.c- rf Aete- =) (Co"O+iSr.9f = (o.lQp+i$ru-9

trc(r+t Gr OriS,,.e)('r = (C"s0+iSrnO)L(GretiS,re)

. (6tLe + i J,n661(cosD *i s,^&)
. (osh9CasO - Srnle.osrn9)+i ( SrnLe(orE+ GrtrESrnE)

- (oS (ue+e ) +i Srn(trD+E) . (os (u,n)&+ i SrnCtc+t)D

=) LCosg + i Srng) u+t 
= Cos (urt t)e + I S rn (lr-+r) &

tr) ( 619';S,,lg)5'- (.or50+if,n5g Itlattlar
r!tLu,.

({orgr'iSr.O)t 
'Gr"O +SiC6,{!(up - tocole s",.8 -1ai 6rroJrfo + S (ortl,f6

+ iSrnr}
ciua.tra3 cca,L p*ts a.t 6s5D t CoESO 16r66$Srfg + S(orgrrrt+A

.'. 6s 59, (ulfo -to cps?g (r -ros2g) + 1co$:h-Zcorte * 6sa e)
;. (6sg' Coss6 - lo6ogrg flo6ass9 +.SC6O -l6t6orl9 r $fuqg
-: ColSO"loColsg -?,frc,osrO +sGsg +

c) 7L = Q-CosO q r-q -Sf +s = l6cos4e -?o(o*g +5 :

=) L4-5L2+5 = C3Sp s() s) (oSse--O --) SD= X,Er.-.

-: y= QcoFro rrqs;t rDc a, root nfu 
t' $ zt'otS'"'

e<1ra,lnan .p4 -$;g2+S = O
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