Question 2 — 25 marks

(a) Use the method of multiple seales bo show that the solution of the differential
sk
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rl-i._.l'd 4 -"I!T + [Iy.:l = i, 'yl:ru] =[k
jcan be written in the form
|
{ gle. ) = Yolz, m) + ¥\ [z, 5] + O
wheresy. = /v, and that the function Yo satisfies the eguation
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(b)" By salving this equation show that -

Yolz,m = Alz) + Biz)e™

where Alx) and H{r} are functions of = only. Hence show that the equatiol
satishied e A, B and ¥] i

‘;ﬂ? + “; + {xB)e ™+ (h-_ﬂ.w— ‘%) ¢+ ‘;‘: + [z AP =1,

(o} By making suitable assuwmptions about ¥ derive three separate equations for
A, B oand ¥; and deduce that B(x) = ofA(z]* for some constant <, and tlo
A and ¥y are given by the solutions of the equations

d4 #Y,  aY,

— = —{zA)", = o e g =R
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(d} Hence show thal an approximate solution to the original equation is
= k3 d 1.1 . g - g e
. o fn - — |y < :| e i o= -II__-_:.-,H-
wr,e) % —— ~ = s ;

wliere o 5 constant.

Duestion 3 45 marks

Consider the modified van der Pol equation,
Faer? - itz e’ =0, H0)=a>0, #0)=0. |d=1,

where o and o are positive constants. . =

(a] Assuming that a periodie solution exists, nse the method of Lindstedt to.show
that it mav e approsimated by l:.hl‘Tﬁl.'-'['jM
1) = rolr) + e (D + O6E) 7= uwt,

where w = 1 4 awy + Ofe?) and 20{0] = a, #4 = 0 and £ {0) = #,(0) =0, &k =
1,2 o, Dewdues that .

i) = acos T [5]

(B} Show that =« satisfies the equation
r%-ldl +ry = afie®—1)sinr+ (0 = Fo¥e?) cosr
+ﬁu:L sin 37 — _'1.:12:!.'1 s 3T
and dedace that, for a periodic solution.

a=2 w=Hf [10]
[} Henee show that an approximate perodic solition s

x(t) = ToosT = ke fIsinT —sin3r— o oot 7 — cos 37) )

with r=uwt, where = 1 4+ gns-r.. . [101]




