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P272 MATHEMATICAL METHODS FOR PHYSICIST

Question one
(@  GivenP(-5,-3, -7) in Cartesian coordinate system, find its cylindrical and
spherical coordinates . (5 marks)
(b)  Givenascalar function f in Cartesian systemas f=7x*-Sxy+2* , -
find V f atthepoint P(x=2,y=-3,z=1) , (4 marks )
(c)  Givenavectorfield F=g 2xy+é, (x2 -12y z)— ¢, 6y ,find
the value of line integral of F  from the point P;:(1,2,0) to the point

P,:(5,14,0) alongalinepathof L ,ie, sz Fedl |

® if L isastraightline from Py to P, , ( 8 marks)
e . . 1, 3

(i) if L isaparabolic path from P, to P, describedby y= 5 x“+ 5

on z=0 plane . Compare this result with that obtained in (c)(i) and make a brief

comment on whether the given F° is a conservative vector field or not?

(8 marks)



Question two

Given a vector field F =2, 57 —&, r* +&, r* sin(p)

@

(b)

evaluate the value of the closed surface integral ﬂ Feds if S theclosed surface

of a sphere of a radius 4 and centred at the origin , i.e.,

ds=¢ r’sin(0)d0d¢
—I=% 57 165in(0)d0 d ¢

P

<07 & 0<¢<2x

(9 marks)
@ find VeF |, (5 marks )
(ii)  find the value of the volume integral .[H (? oF ) dv where V is the volume

enclosed by the given closed surface in (a) , i.e.,
dv=r’sin(f)drdf0d¢ , 0<r<4 , 0<0<z & 0<¢$<2x
Compare the result here with that obtained in (a) and make brief comment about

the Divergence Theorem. : (11 marks)



Question three

Given the following differential equation as :

&y dy(

%) 43 y(x)=0

dx?

utilize the power series method , i.e., setting  y(x) = Za,, x"*

(@)

(b)

dx

5

and a,#0 ,

n=0

write down the indicial equations. Find the valuesof s and a, (by setting a, =1) .

(10 marks )

write down the recurrence relation. For all the appropriate valuesof s and a4, foundin
(a), set a, =1 and use the recurrence relation to calculate the values of a, up to the
value of a; . Thus write down two independent solution in their polynomial forms.

(15 marks)



Question four

An elastic string of length 10 is fixed at its two ends, i.e.,at x=0 & x=10 andits

transverse deflection u(x,t) satisfies the following one-dimensional wave equation

0% u(x,t) _

2
=9 8 ulx,z)

(a)

(b)

5

dx?
use separation of variable scheme to split the above partial differential equation into two
ordinary differential equations and then write down the general solution of u(x ,t).

(8 marks)

given the general solution of u(x,t) , after satisfying two fixed end conditions as well as

zero initial speed condition, as  u(x,t)= Z E, sin( nln(')x) cos(3 ’11(;”) where

n=1
E, n=1,23,.-. are arbitrary constants , then find E, intermsof »n and
calculate the values of E, , E, & E, ifthe initial position of the string , i.e., u(x,0) ,

4x if 05x<2

is given as u(x’°)={_x+10 if 2<x<10

(hint : _ro sin(n”xjsin(mﬂxjdx={o if nzm &

=0 10 10 5 if n=m
J'xsin(n”x)dx= 12002 sin(n”x)- 10 xcos(nﬂx) ) (17 marks)
10 n°zw 10 nrzr 10



Question five

Given the following equations for coupled oscillator system as :

d? x,(t)
——d—t‘z——=—5xl(t)+16 x, (1)
d*x, ()
-—2—;22—=4x1(t)—17 x, ()
(@ set x, (=X, €% & x,(f)=X, " ,deduce the following matrix

(b)
©

(d)

equation A4 X =-—w* X where

| (—5 16) | (X,]
4= & X= (5 marks)
4 -17 X,

find the eigenfrequencies @ of the given coupled system , ( 6 marks)
find the eigenvectors X of the given coupled system corresponding to each
eigenfrequencies found in (b), (8 marks )

find the normal coordinates of the given coupled system. (6 marks)



Question six

Given the following non-homogeneous differential equation as :

+5x(t)=8e™" +265in(3¢)

@

(b)

©

2
d xgt) L2 dx(t)
dt dt

set its particular solution as  x,(f) =k, e™' + k, sin(3t) + k, cos(3t) , determine the
valuesof £, , k, & &k, . (9 marks )

find the general solution to the homogeneous part of the given differential equation , i.e.,

2
dd’t‘ﬁt) +2 d;gt,) +5x(t)=0 ,and nameitas x,(f) . ( 6 marks )

write the general solution to the given non-homogeneous differential equation as

x(t) =x,(t) + x,(¢) and determine the values of the arbitrary constants in this general

solution if the initial conditions are givenas x(0)=5 & d_;cgl =0

t=0

(10 marks )



Useful informations
The transformations between rectangular and spherical coordinate systems are :

( (
r=ax2+ 3y + 2
1[\/-"2 +y2 ]

x = r sin(8) cos(g)
$ y =r sin(B) sin(¢) & 46 =tan”
z =r cos(6)

z

e

The transformations between rectangular and cylindrical coordinate systems are :

\ N

x = p cos(¢) PENE Y
=psing) & {4= tan"(l)
x
2=z z=z
GrogLdf 1 0f ;101
h Ou, h 6u2 h3 Ou,
our 1 (0(Fh k) O mh) O hH)
h h, hy Ou, Ou, Ou,
€7xﬁ'= E] B(F h) 6(F hz) + _éz a(Fl hl)_a(F3 hs)
Ou, h hy \  Ou, Ou,
) o(F, )
Ou,
where F=e1 F +e, F2 +é, F, and
(4, ,u, ,u,) represents (x,y,2) for rectangular coordinate system
represents (0.9, z) for cylindrical coordinate system
represents (r.0,¢) for spherical coordinate system
(El , €y, 53) represents ('x , € ) s é‘z) for rectangular coordinate system
represents (E 0 2€4 5 é'z) for cylindrical coordinate system
represents (e, ,€q 5 € ¢) for spherical coordinate system
(B ,hy k) represents (1,1,1) for rectangular coordinate system
represents (1, p,1) for cylindrical coordinate system
represents (1,7, 7 sin(9)) for spherical coordinate system
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