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1. (a) Using the Heaviside step function. determine the Laplace transform of the sine function
S{t) switched on at time, ¢ = 2.

S(t) = sin f, t>2
0, t <2

(LY i I L{f()} = F(s) then prove that

L{F (1)) =~ (o)

and in general
dr
tn t — _1 n F
LU0} = (1) 5 F )

ii. Determine the Laplace transform of the function tS(t), where S§(t) is the function given
in part (a) above.

2. (a) Using the concept of convolution, find the inverse Laplace trausform

N )

(h) Use Laplace transform techniques to find the solution to the second order differential equation

1% d
ﬂ+5i+6y=2€71, x 2 0,
dr dx

subject to the conditions y(0) =1 and 3'(0) = 0.

3. (a) Consider the function f(#) = e=?'. By considering the Fourier cosine and sine transforms of
the function f(#), show that
2+ 1w
44 w?

where F,(w) and F(w) are Fouricr cosine and Fourier sine transform of [(¢) respectively.

Fo{w) +iF.(w)
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Hence prove that,

1.
< cos(kx 7 .
f cos(kz) dr = —e™ 2 and.,
0 4+ 12 2a
it. * sin(k
f 2sin .)L) gy = F o2
T 2

{(b) Consider the following periodic function.
flx)y=2|+1, -3<z<3, with f(z)= f(2+6).

Using the properties of even and odd functions and the definition of a Fourier series. determine
the Fourier Series of f(x).

4. {a) Consider the function f(x) =3z, 0 <z < 2.

i. Expand f(2) given above in a half-range Cosine Series.
ii. Deduce that 7%/8 =1+ 1/3%+1/5% + ...

(b} Find the solution of
20u | JOu 0

Y a_y x a =
given that u(0,y) = 20e3/,

5. Consider the following one dimensional wave equation and the corresponding boundary and initial
conditions, in the usual notation.

&u »u

PR
Boundary conditions: u(o,1) = w(L.t) =0 for all ¢ > 0.
Initial conditions: w(z,0) = f(z), w(x,0) = g(z) for all 0 < 2 < L.

{a) Using the method of separating variables, setting u(z.{) = F'(x)G(f) show that
F' —kF =0 and G"—ckG =0

where k is the separation constant.

(b} Show that &k must be negative.

nai.r

{¢) Tn the usual notation, show that the finitely many solutions of F'(z) is given by F,(x) = sin 22*.

(d) Find the solution of the entire problem.



