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P272 MATHEMATICAL METHODS FOR PHYSICIST Qs

(a)

(b)

Question one

Given a scalar function in spherical coordinates as £ =r? sin(¢)cos(¢) , find the value of
V f atapoint P(2,120°,300°) . (5 marks )
Given F=5,(y2)+¢,(x2)+2, (-2xy) and find the value of
:’L Fedl if Py:(1,2,0), P;:(3,10,0) and
1) L : a straight line from P; to P, on x—y plane,i.e., z=0 plane.
( 7 marks )

(i) L :aparabolic path described by y=x*+1 from P, to P, on x —y plane.

Compare this answer with that obtained in (b)(i) and comment on whether the given

F is a conservative vector field or not. ( 8 marks )
(iii) Find VxF .Does this result agree with the comment you made in (b)(ii)?
(5 marks)



Given

(2)

(b)

Question two 86

F=%, (o2 )+ g, (2p? sin ¢)+ s, 322 ) in cylindrical coordinates,
find the value of i Feds if S istheclosed surface enclosing the cylindrical tube
of cross-sectional radius 4 and tube height 5 ,ie., =S, +S,+S; where
Si 1 (z=0,0<p<4,0<9<27 & d5=-¢,pdpdo)
Sy @ (z=5,0<p<4,05¢<27r & d5=+¢,pdpdg)
S; : (p=4,0<¢<27,05255 & di=, pdpdz—L=* >3, 4dgdz) (12 marks)
(i) find VeF (4 marks )
(i)  then evaluate the value of I H (ﬁ oF )d v where V isbounded by S givenin
(a),ie, V: 0<p<4,0<¢<27,0<z<5 & dv=pdpdddz .
Compare this value with that obtained in (a) and make a brief comment.
(9 marks)



Question three

9t

Given the following non-homogeneous differential equation as
d? x(t) dx() B
2 Tdr 2x@)=f( ,
(a) find its particular solution x,(¢) if

)] F(@)=5cos(21) , (7 marks )

(i) fm=20e (5 marks)
(b)  for the homogeneous part of the given non-homogeneous differential equation , i.e.,

2
%—{2([—) - deYl +2x(t)=0 ,set x(t)=e*' and find the appropriate values of a and thus
t

write down its general solution x, (¢) (6 marks)

© if f(r)=20e"*, write down the general solution of the given non-homogeneous

differential equation in terms of the answers obtained in (a) & (b) . If the initial conditions

are x(0)=6 & E’% =-1, find its specific solution x,(z) . (7 marks )

t=0



(a)

(b)

Question four g%

Given the following 2-D Laplace equation in spherical coordinates as

2 f(r,9)=0=—l———a—[r2 af(r,H))+ : 1 _ o0 (Sin(g)af(r’g)) ,set f(r,0)=F(r)G(9)

r? or or sin(6) 20 06

and use separation variable scheme to separate the above partial differential equation into
two ordinary differential equations. ( 5 marks)
Given a Legendre’s differential equation as :

2 ©
(l—xz)u@—in-y(—x)+ 12y(x)=0 ,set y(x)= Z a, x"** & a,#0 and utilize the

dx? dx ne0
power series method,
(1) write down its indicial equations and show that s=0 or 1 and a4, =0,

(8 marks)
(i)  write down its recurrence relation. Set a, =1 and use the recurrence relation to

generate two independent solutions in power series form truncated upto a4 term.
Show that one of the independent solution is a polynomial. (12 marks)



Question five g9

(a) Given the following periodic function f(t)=ft+T)=ft+2T)=...... with the period
T =3 and its first period descriptionis f(f)=2¢ for 0<t<3 (i.e., ajigsaw shape
periodic function), write down its Fourier series representation and calculate the values of
the first three Fourier coefficients of both sine and cosine Fourier series. (i.e., the values of
a, ,a, ,a, for cosine series and the values of b, ,5,,b, for sine series).

(Hint :
6 0 j #
I sin nrt sin mrt dt= 7 mem
0 3 3 3 !f‘ n=m=1,2,3,...
0 if n+m
6
.[o cos(n;”Jcos(me]dt={ 3 if n=m=1,2,3,..:

6 f n=m=0
6 (nrmt mmt
I sin| cos t=0
0 3 3

'[t sin(a )dt=- 1 tcos(at)+ Lz sin(a t)
a a

It cos(at)dt=+ 1 tsin(at)+ Lz cos(at) )
a a
(10 marks)
(b) Given the following coupled oscillator system as
d? x(t
%2()56;:1(:) +10 x, (f)
d? x,(t
d"t22( ) = 4 x,(6) =12 %, ()
(1) set x;()=X,e°" & x,(f)=X, ¢'®", then the above given equations can be
deduced to the following matrix equation A4 X =-w©> X where
A=(_6 IOJ & X=(X1) (4 marks )
4 -12 X,
(i)  find the eigenfrequencies @ of the given coupled system , (5 marks)
(iii)  find the eigenvectors X of the given coupled system corresponding to each
eigenfrequencies found in (b)(ii), ( 6 marks)



Useful informations 90
The transformations between rectangular and spherical coordinate systems are :

r=yxt 4yt 4zt

x =r sin(&) cos(g) T 2
ly=rsin@sin(¢) & {0=tan”’ ——M]
z

=)
X

The transformations between rectangular and cylindrical coordinate systems are :

z=r cos(8)

x = p cos(9) =\ ey
y=psin(d) & 6= tan“[lJ
X
z=z zZ=2Z

hy Oy h, Ou, hy Ouy

Fo_ 1 [a(Fl hy hs) N O(Fy by 1) N O(F; i hz))

hy by by Ouy Ou, Dus
Gxpo b [0Bm) oF k)|, & (3(FRh)_B(F k)
h2 h3 auZ au3 h] h3 au3 aul
é (0(Fyhy) o(F h)
b hy Ou Ou,

U, U, U represents X,V,2 for rectangular coordinate system
15 Uy 5 Uy P y gu Y
represents .0,z for cylindrical coordinate system
P Y y Y
represents r,a, for spherical coordinate system
P % Yy
(¢, ,¢,,¢,) represents (Ex €, Ez) for rectangular coordinate system
represents (E 55 €4 s Ez) for cylindrical coordinate system
represents (é', »€q E¢) for spherical coordinate system
h ,h, ,h represents 1,1,1 for rectangular coordinate system
IEECEEC P y
represents (1, p,1) for cylindrical coordinate system
represents 1,r,rsin(@ for spherical coordinate system
p P Yy



