
FP2 Papelt adapted 2004

1. (a) Showthat(/+ 1)r (/ 1)r=,41 I B, where ,4 and I are conslants to be found 
(2)

(b) Prove by the method ofdifferenccs that ft'- +ntn + t)(2, + t)., , | .

(6)( for,t 8 m'rkr)

(c*rf , r 3+ 3ca+ 9,11 1- lr -r1r = r3-3rL -r3c - t 8G,.L+L = G Zr"+ ?n\----
6tL+L

' 
-'' 

t,y'.o"i; 17<-nl .',/'h+ . . t Q^iufl(,' F>tn"g/,r)
G{r'+?n = n3t(n+t)3 -r = oj + n3+3n2+3n *l-l
,\6fcL = Ln3+3nz+n , nGnz+}n'+\) = n(n*r)(z-n+t)

; f-.r'. |n (n.'D(r-..+\) 
_-_



o.,i1_il={ ' o
dr '!' rl x-

(a) Verify that j!e' is an integmting factor for the drfferentlal equation' (3)

(b) lind the general solution ofthe differential eqMtion (4)

(c) civen thary = l atr=l, find, at, = 2' 
6xTotrl10 n!rk)

^1 
lF (tr) , aJ'*L = L**3r^'c s e,a"(e-'h*)t ' o!'Ls ' l\*o

l)r.? bat' e'ef(r *t-)s " **
., N;ll l',5) .ze* '\ r3aay,Jre"otr ,l-i y,::""

=l z3e}3, LLL -fe'at ' x-*-<}+c-

3' *,'b * p:*
(rrr) l"l-t+cei' '>l=3 :' c'9'

s= #.#
*.L != l*-'



3. (u) Sketch, on rhe same axes, the saph of/: (I 2)(r 4), and the line wnh equalion
y:6 2x.

l-ind the exact values ofr for which l(, 2)(i a) = 6 - 2ir.

H€rc€ solve thc incqualiry (i- 2X.i- a) <6 2r

(4)

(s)

(2)(Total rr D..lts)

:ct-6r*t = 6-Lt-
*'*t-+L'-o
@'L>" . t

cc, L!fr-
y o.,

(b)

G)

t]-ct-+z =2*-b
{2--gL+t* = O
(?- *)' = z-

xz*tft
y4 l.t

2-'fL<&<t+-\fz

----->

L= L-\fL, g-.1-z



(a)

(b)

{{ ,{.' -c/ b55,nr, r o
dx' dr

frnd rhe gencrd) solurion ol ll^e drfTe'cntral equation' 
te)

show rhat for large values of' this general solution may bc approximated by a sine

function and find this sin€ funclion'

rr- Wa f'+43''rSg'=o
!| = Ar,elP [ett(rt'*4m+S),o
d/r*#gE 7/o (m+z)z,-l

{n: -2i I

U., - Pec-tt:)r* 
^"Gz'i)r-

$.* = {t'(tbsl-+gS,^-)

\z4Srn2t+bHh- +fu " Uo5n2a+SbCosbr.

\ .b,G?x -Lb9att -4ra' ' -SSrn2r-rSaCosZr

,vrt 
c-tq4t\n2t -*bbs2;t ' L. -@!.trOcZ.

6SSntr z ( a-fb)3,n2rc + (b+&a)6s2x-
q-8b=65 b+8c,=o

b = -tox ') 8b=-61a.j' 65o,.'65
r'l b.'8

:. g= Srn2>c-8(6gfu + {<( Acosr+(grn:c)

b) r t 2L tslat,y- g-'* r,.u,.rlto<- clorr-b ?tro

(. Srn [tz--*) = &Sr,4tc1-o.i* - ( C#x S,n<

tg =E ran4;5,'.::f;. 
- 
:::-n(olA t

3l Gs Srr Lz*- t.T?)



s. (a)

(b)

Sketch the curve with polar equalion r:3cosZe. -1 <e< 1
44

Find the area of thc smaller fini1e region cnclosed between thc curve and the half-line

s1
6

(c) rind the cxact drslance betwecn rhe two langenls which are poraltet to lhe iniliat line.
(8xTof,l t6 mrks)

grfS,ng = SbrLES*lg

S = -6S'n2QSrng * 3(o5!-Qcorg
b)

=>

)

,'- g=rS,nD. 2(€)'E

= AE-3

7/ /:
!l

ftncn ='rJ ff^",*" =tfit +{o+e),te
f,tr*/*ecrr

= ditfos4elo = tlo*ds,^rc{t

=(f

'?(E) -(ton$) I '+tA-*)''
= {7 (zn-t.l-s)

_ _

:i_s*ec/e , So#iw'f/\@ => 4Srn?e= l-2Srnto

S,nzg=* --; 9,.,,9.t;[ -a o.+2OS... r : g(1-Zg6tg;

.', Jtstancl- Sehrrer.^- Pa^ng

c=3(r-r(l))=X



6. Find the complete s€t oI values of r for which

J-z>x (Iotal 7 mrl's)

l,L4 --2t-

l*-ax--Lzo
(t-rf = $
I-ltrli
b= l;J-l

LL-z =-?t
7j*zz--z.o

(r*r)a'3
z. =-ltJ-3

:- or= -l+f3

o( L>t+rf:'



-'. *$t"1= xt* , U.o*

,$d* , i*t*-Jt"*
: geL*= - i** " it.n^
(orr) lao'Ln*. :-

(a) Find lhe geneml solution oflhe differenrral equarion

dy-: _ 2!=,
dY

Given thai]r = I al:r = 0,

(b) find the exacl values ofthe coordinates ofthe minimum point ofthe panicular solution

(c) draw a sketch ofthis particular soluiion curve.

at (-{:c), eJt& ,gf

t-*Z+2f'S'x€L*

1, ,,-

u-_X 1r = la€-

l,t,'-l Y'=*

-7-t-+L?

(2)(Totsl tl Dark)

tt 7-*o l*e alr
.J

+L

-r-C

C=

3'd r -t"z
s_q ,. 

J = b.-L*ae-t'
b) r'r,n (}rnt 'a #=o. t -i_e-"* =o .) l= Seia a e-o=*

*) -Z_rc-}nS :.94=!\nS

*f;elrt) ' f,t.,s - h"fr ( lrns, { r" s)

as a->@ g*e-ooo ., 3+ *r-i
qs iLr-6 ft-to J. t2-o-+

ff(ltns, {ln5)

.) -?-t= l^(t)

g = dtas -|

c) S,Eo"- *iz-t

-- {**'\



8. (a) find thc gercral solution ofthc differential eqMtion

d2u rt,
- 

,22 '2v 2e'dt dt
(6)

(6)(Tofd 12 n,rk!)

$c* 
= Po(-*i)t f sgt-\-i)b

,. $tt = O 
t 

(fftort, *eS,,qt)

Sps= 2c-'

.: crS 4e, t(Ac*e+O*$rz-
S,cttColt 

*&S,nbr2)

), = r*(-S**tc"g -c-t( {uhJI,.,:

t= 6* i. B=g

rb, f,nd rhe panrcular so,Lrron rhar s,rui6es-l - tanO t tarr- O
tlt

q=AdL uJ'thr+Zq = 0

$:,M" Hg'tt^t$o'o
\'' 

Cm+1f =-[ =) $=-tti
,/

g*J, Wl
24, -A?;o
q"= Igb

t-. = 1g-ts .: A,I

| =A+Z =JA=-\

q= lg-t
.^t, =-Ac-b

u*'= ^""
( t.or 3,t)

1r.06',i

,. \ ,0-b ((ost r 4Srn\ " Z)



9. The diagram is a sketch ofthe two curves

Cl and C, with polar equaiions

C\:r=341 .os 0), r<e < n

C2: r=dl + cos 0). n<0 <E

:,(4)

(2)

L
glso^

q
b)

The curves meet at the pole fr, and at ihc points,.1 and B

(a) Find, in terns ofa the polar coordinates ofrhe points,4 and B

(b) Show that the lensth of the line lris 4a.
2

The region inside Cz and outside Ct is shown shaded in the dragam above.

(cl Find. rn rermr of.}. the area ol rlus retsr.,n

A badge is designed which has lhe shape ofthe shaded resion.

Civen that lhe leryth ofthc linc,.{3 is 4.5 cm,

(d) calculate the area ofthis badge, giving yourans*erro three sisiticant fieures

,g'-{

j' 
An&l = qz

.d) 3,1-.3^ = !t.s-,-

ft ( |a,-{) s(tqE)

,r.., ,u.*[j

c.r) jd( r- (osg) = ilr +(osg) .> 3- j(osO = I + (osg
'//

1 =) 4CosD =2- =) CosOr*- .) e, Er€ f . a( l*!-) = t3

c')

'-) ba,t3e = 3(id-3-\tr), e+rl-3-tzn t 1.ga*3

AaxE , tBaLL+ Xg =e_f = AE.o.

)9"o
Ef?3

slndarl,r.1,^ r r+ros S)ldg - if,r"'f 
' 
- c*s)'dg

o=o 
't" 

{*, 
H2(osg+(62e) -q (r-2{ose+cosze) Ag

' *o'f - 
" 

* ?Docsg - s ( ++t cos2e) o1e

= { atf,€ -rz*zoCos9 - r+fos ?oat&

=Zof-S*SCos9-Cos2sd9

'- 2nz I lD +S S r n O - |S, n..f
= !.r f (-ir+*E-E )] = A", (Y -") , {a(efs+r)
(q.lz-,*n )

--

=)q,:#=fr=.f=

'lh



10. Jt\e.] rnar) lan r.

dr rl':v rl'r(ar find -, -- an! 
-.lr .Lt

/ r)
,b) Frnd rhera!lor.enes crpansior ol ri,nr rn a\cend'ne po"ers or 

lx 4,J

L\
rncludrnP rhe r(rln in I r I

htn'
r{, Hcnce sho$ lhal lan 

rO ' 
| 

,O* :OO' ;bOO

a\' $' g,.^ 1

n' : Sectx-

,'/-- }Secr x&cr-tro':c . eSeCLan r-
6' = 4Se&t^.tx- + 2 &c.\r-

(3)

t2t
(Tot,l 6 Earks)

t({)" \
t'(f,) =z
f"(E).'t
t*(t)=Btzlz)z = 16

(3)

r/ s -sq33\ zo 2o)^S)" r

!\

b) tc^n rt t t z(rc-f) " dz-[)' * E(a--tr)t* --

c) L^ r z(g - T) * r (*,, -S)'+
+3r. *tA* td-& +oo {rooo)

n I "€' -u1* ;$ s__



r1. (b) Henc€ findihc Maclaurin s€ries expansion of er cos r' in ascending powers of:r' up to

and including the lerm in ia (l)

\= ea(orr
"j , g*Co5:c - Q-,*$rr. x, = ea (tosz -S,nl)
*q, = ;ito.- -5,,, r) te:c(-Srnl - Cos:c) - - /s,*Snte

},,* 
-- z;;1,;; - [":c 6os>r, : -zex (srnr-:i) 

_ $e{S,n,-_(o,r)
*,, = -i;*(S'..r -Cosr.) -2s'((Cos

F(o), I Q11o),1 ["(o)'9 {"'(o)'L t""(o)''+
-l-r+:\^-/o-. gl'(osL t \tL"!* -



12, The transfonnation I from the complex :-plane to the complex y-plane is given by

.+ly= _-_-_. a tL _1.

z+l

(a) Show that Tmapspoi son the hal ine arg(') = 4 in the z-piane into points on the

circle l1,l = I iniher-plane.

(b) Find the image under f in the e-ptane ofthe circte tl = I in rhe:-ptane.

(c) Sketch on separate diagrams the circle p-f = r in the:-ptane and ils image under rin
the l,-plare.

(d) Mark on your skelches the poinl p, where ; = i, and rts image O under f in the lr-plane.

q) L)Z+to t =

.'- 7: t-Ni
rJ -\

Zr\ =) raz-Z

: t-i(utiv) -
(u-r)+iV

(2)

ootd 14 narks)

o l-r^ri =7 Z(6-t)=l-,,oi

-; 2c=t rF a/5 zO

(l'-rVt=l .'. gral& (oro) r, I

,Yi r.rc'Pl^'e- ': l"tr\ a I

' (y+rXl- t)iuv .y i ( r,rCr-tt) -v(v+r) )(u-r)a+vz (u -r)'rE
u-v -t r i (u-rf -v':!L)

(tr-9o+v' l't t rtZ t -,'L(u-r)'+v

(rr.^p?r^) oy \et5\,*a- 
".rgl.z) {

-, /-/-, , ri-u."- v" 74 :)

i+r =J+ !ri?T z xT
r -l .

a - 
*rz. L'

Z=\ LJ =


