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uestion 1 ,
Q &
(a) Rewrite the following complex numbers into the exponcential form: =z = ret?
(i) 1/(1+14) (ii) 7"
[6 marks]

(b) Evaluate the integral

1
/ dze®™ cos bz,
0

for fixed real a and b.

[12 marks]

(¢) Show explicitly that you can write the solution of a simple harmonic oscillator
Ae™ot 1 Bem™0t — C cos(wot) + D sin{wyt) = E cos(wot + @),

i.e., given A and B, what are C and D, what are £ and ¢7 Are there any
restrictions in any of these cases?

; [7 marks]

Question 2

(a) Solve the following differential equation
y' +2y 15y =0, y=—19' =1, at . =0.
Find solution to this second order differential equation.
|9 marks]
(b) Consider the system
T =—4dx -y, Y=T—2

(i) Determine the second order differential equations satisfied by z(¢).

[2 marks|




(i) Solve the differential equation for (t) and y(t). L1
[8 marks]
(iif) Find a particular solution to the system given the initial condition z(0) = 1
and y(0) = 0.
|6 marks]
Question 3
(a) The average value of a function is
1= g o [ aer) ort) = 1 [ et
= M — 1 —
TE[)].OO 2T — ’ g lI T 0
as appropriate for the problem. Evaluate
(i) (sinwt), (i) (sin® wt),
where w = 27 /T and @ is a constant.
[7 marks]

& S

(b) Newton’s Law of Gravitation gives the gravitational force between two masses,

m aned M as .

GMm
F=——
T
(i) Prove that F is irrotational.
(ii) Find a scalar potential for F.
Note that in spherical coordinates V = 7’*% + gaa_e_ -+ Tsil 95%.

[8 marks]

(c) List three properties of a conservative vector field.

|6 marks)

(d) Compute the divergence of the vector field v = Az + By*j+ C2.

[ 4 marks)




Question 4
50
(a) Calculate the workdone by the force F = AzyZ+ B (22 + L*)§, for moving object
from point (0,0) to (L, L} along the foilowing three different paths
(i) the line y = 0 from (0,0) to (L, 0), followed by the line z = L from (L,0)
o (L, L).
(ii) the line z = 0 from (0,0) to (0,L), followed by the line y = L from (0, L) to
(L, L).
(iii) the diagonal line (0, 0) direct to (L, L).

[ 12 marks]

(b} Consider the 1D wave equation

8%y O%u
e
ot? oy?
where ¢ is a positive constant. Using the method of separation of variables,
find the general solution of this equation with following boundary conditions:
u(0,t) = u(L,t) = 0.

> [ 13 marks]

Question 5
(a) Evaluate [ d(3z — 2)z’dx
[ 6 marks]|

(b) For the case that a function has multiple roots, f(z;) =0,¢=1,2,..., it can
be shown that

Z 5(97 - 23-,3
| f(z3)]
Use this result to evaluate [* (2% — 2z + 3)6(¢® — 9)da

[ 7 marks]




(c) A damped harmonic oscillator is given by

Ae“atei"’”t, t>a
f(t) = { 0, t<a
(i) Find f(w) and

(i) the frequency distribution |f(w)|?.

(ili) Sketch the frequency distribution.

ot

[ 6 marks]

[ 3 marks]

[ 3 marks]




