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Question I (Souanxs)

(A) Classify according to type and determine the characteristics of the

following P.D.Es.:

0 2u"r-  !u" ,  -  6ur,  +Lt 'x=0 ( i i )  4t ' txx* 12u,y* 9uvv -  2u,*u=0

( i i i )  u*-xzyuyy = 0 ( y>0) ( iu) e2'LLxx* 2e'+vltxy I e2v uyy= 0 (SMarks)

(B) Find aII eigenualues and eigenfunctions for the problem:

-lv"(-.r) : 't l'Y('r) 0 <* 'x { I

I 'u ' (0 ) :  w ' ( I ) :0  (SMarks)

ur(x,tJ : ku**{4t} + F{x,t) G < x < l, t > 0

r i (x ,0) : f {x }  0<x{ l

t r {0 , r ) : .u ( l  , t } :A  t>A ( lgMarks)

(D) Solue,the following Dirichlet problem for Laplace 's equotion:

1 :  Qzt,)+ I  waa:o r{L,  -n{  CI <n

, ' rl,[r,e): rrI, ' l -Tt<o< n
tr(r, -a:) : tt(r', n'), ue(r, -n'.) : t/s{r',n) r' { L (10 Marks)

Question 2 (aovnnxs)

(A) For the initial-boundary value problem

ut :e2LL**  0<x<1,  f>0

u"{x ,A) : f (x }  $<.x<I

, ,  u (0 , t ) :p { r ) , r i . {1 , r ) :q ( t )  r>S

Show how to imbed the implicit method and the Crank- Nicolson method in a

single algorithm (l[ Marks)

(B) Use the numerical method of characteri.stics to estimate, at



y = 0.01,  0.1,  0.2,  0.3,  the solut ion ' to
1 l 7 r x + l l t , :  - 2 t t 3

u{x,0) : r

on the characteristic through Q = (1, 0). Then compare

resuits with the exact solution
the numericai

( l I  Marks)

(C) Show how to apply finite differences to
1 : 

i*** * H].y : f {x, Y) iri- fi

id : $(x, ]') an 5

in the case that fI has a cut"r'ed bor.rtrdary,

(D) Making use of Problem in Part C, approximate the solution to

(10 Marks)

hoose a square grid

u** *1 t_uo :0

tr{x,v) : 100
u(x, t t )  :0 I

with h = 0.5.

x?+yn<1,y)o
xz + 'vz I  I ,y  7 5

:0, -L { : r  {  L
(10 Marks)

Question 3 (30ruanrcs)
(A\ Construct the Rayleigh- Ritz approximation. to the solution of

-u"tx)*u{x) :  }-  -"r  0<x < 1-
1 i  

td ' {C I ) :u 'q11  =g

using the trial functions
(a ) f ir{x) : 1,,0n{x) :; t ,  da(r) :, t : t , '

(b) 4, (x) :'x3{1 - x)n,4tz [x) : x*{1 - xJt, r/rs {xJ : xs (1 - ff)3'

(c ) Compare both approximate solutions w!ilr the exact solltlion,

u.(x) :
costrrx - cosh{l - x)

sinh L

(B) Construct the Galerkin approximation to the weak solution of the

problem
. - ( , r ***+*uo}  *Zr .* . r " - t " { r , :  L  in  f t :  { - { }  0 '3 ' }0, r  +7y<2}

u:0 ar iSr : {x+2y:2}
p*{0,31} : - } ,  sru0<Y<L
aulx,0) :0 cn.0< x<2

Use the single trial function d{x,y) : (2 - x - 2y)i1 + x * v) and

single weight function tS tx,y) : 2 - x - ?y.
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