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1. Solve the following initial value problem with Laplace transform.
y'+4xy' —4y =0, y(0)=0, y'(0) =6 (10%)

2. Obtain series solution for following ODE.

x2y" +xy' + (x2 =)y =0 (14%)
;L (X HyPtx
3. Solve for y + (—'—2—5{7—) = 0 (5%)

4. Obtain solution for following initial value problem.

y'"+4y" - 3y'—-18y =0, y(0) =3, y'(0) = 2, y"(0) =11 (6%)

5. (a) Apply Leibniz rule to check y(x) = e* + fox t* cosh(x — t) dt is the solution
of y'"—y =2x, y(0) =y(0) =1 (5%)

(b) Find the eigenvalues and eigenvectors of [_ 11+ ; 1 (-)I_ l] (5%)

(¢) Evaluate the surface integral gﬁs F-AdS where F = e*% + e Yy+e4Z and S
i1s the surface of the cube |x| <5, |y| <5, |z| <5. (5%)

o

(d) Evaluate the line integral gﬁc U-df where ¥ = z°X + x*9 + y°Z and C isthe
circle x = 2, y*+ 2% = 16. (5%)

6. We define Fourier transform as F{f(x)} = f(w) = f_:o f(x)e ¥ dx. A Table of
Fourier transform has been provided at the end of this question sheet.

(a) Evaluate the Fourier transform F{5xe~2/¥1}. (5%)

(b) Evaluate the inverse Fourier transform F~* {w2+$+13} (5%)
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(¢c) An infinite beam resting on an elastic foundation and subjected to a load f(x)

can be described by the differential equation EIy™ + ky = f(x) where E, I, k
are physical constants. The problem is solved using Fourier transform and Fourier

convolution. The solution can be expressed as y(x) = fj: K(x—¢&)f(é)dé. Find
the kernel K (x)=? (5%)

7. Suppose that a function 7(p, @) on the spherical surface p = a 1s maintained at a
constant value 7, that the function 7 is harmonic throughout the regions o >a and

p<a, and that T tends to zero as p —> . Find T at an arbitrary point inside the
sphere ( p <a). What is T outside the sphere (o >a)? You are required to solve
this problem as a PDE problem and to show details of your work, including the

derivation of the relevant orthogonal set of eigenfunctions to this problem. (18%)
[in spherical coordinates (p, @, &), where ¢ is the “cone angle” measured from the

Z axis,

1 &  ,oT 1 & . oT 1 8T
VZT: ) (IOH _")+“12 : (SIHQ?——)‘F“'"z . 9 2 ]
p- Op op  p sing O@ Op  p°sin” @ 06

8. Expand the function
B z? =2z 42

(@)=

in a Laurent series which converges in the given annular domain 1 < |z — 1‘ . (12%)
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Table of Fourier Transforms
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where f(r) —+ Qasz — o0

20 (fro)@) = [ fe-09©d  f)iw)



