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Instructions:

1. This paper consists of 2 sections.

2. Answer ALL questions in Section A.

3. Answer ANY 3 (out of 5) questions in Section B.
4. Show all your working.

5. Begin each question on a new page.

THIS PAPER SHOULD NOT BE OPENED UNTIL PERMISSION HAS BEEN GIVEN

BY THE INVIGILATOR.




Section A
Answer ALL Questions in this section

A.1 a. Consider the quadratic equation
2%+ 3ex — 4 =0,
Find a 3-term perturbation solution of the form
z(e) = 2o+ exy + g + -+,
valid when ¢ << 1. . [15 marks]
b. Consider the initial value problem |
g+y=¢eet, y(0)=1
i. Tind the exactsloution of the problem. [5 marks]
ii. By letting
y(tie) = vo(t) + en(t) +’plt) +--, £ <<,

and substituting into the-problem, obtain an expression for y, 3 and
Yn, b 2 2. [10 marks]
c. Obtain a 2-term asymptotic approximation of the integral
/ e Mt sin Vi dt
0
valid for large values of \. [10 marks]




Section B
Answer ANY 3 Questions in this section

B.2 a. Consider the transcendental equation
z? +ex = cosex, € << L.
Find a 3-term perturbation solution of the form
x(e) = zo + €xy + ;g + -+ - . [10 marks]
b. Consider the nonlinear BVP
j— 29— ey’ =0, y(0) = 1, (0) = 2.
Find a 2-term perturbation solution of the form
y(t;€) = wo(t) + ey (t) +e*plt) +- -, e << 1,

for the BVP. [10 marks]

B.3 Consider the quadratic equation
ex? — 2z +4=0.
Find a 3-term perturbation solution of the form
2(€) = my + ey + 20+ -+,

valid whene << 1. [20 marks]

B.4 Consider the BVP
ey’ +2 +y=0, y(0) =0, y(1) =1,

where the parameter ¢ << 1. By assuming that a boundary layer exists at the
z = 0 end, find

a. the leading order term of the outer solution [4 marks]
b. the distinguished limit and hence the rescaled inner variable [6 marks]
c. the leading order term of the inner solution [7 marks]

]

d. the leading order term of the composite solution {3 marks




B.5 a. Prove that o
/ e dy = V. [7 marks]

coO

h. Hence, prove that

b P
/ f(&)e*Odt ~ (T)\%ﬁ(—c)) Fle)e€) as )\ — oo,

where cis a point in the interval [a, b] where the value of ¢ is maximum. [13
marks]

B.6 a. Find a 2-term asymptotic approximation of of the integral

f exp(—t4)dt
p

valid as A — oo.

[10 marks]
b. Derive Sterling’s Formula

T(n+1) ~ v2rn (g)” as 1 — co. [10 marks]

END OF EXAMINATION




