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P272 MATHEMATICAL METHODS FOR PHYSICIST 


Question one 

(a) 	 (i) Given P ( -3 , - 8 , - 5) in Cartesian coordinate system, find its cylindrical and 
spherical coordinates. ( 5 marks ) 

(ii) Given P ( 5 ,300° , - 9) in cylindrical coordinate system, find its Cartesian and 
spherical coordinates. ( 5 marks ) 

(b) Given f = p2 cos¢  4 Z2 

(i) find the value of V f at a point P ( 1 , 30° , - 2) , ( 5 marks ) 
(ii) find the value of the directional derivative of f at a point 

P ( 1 ,30° , - 2) along the direction of e p 3 - e¢ 4 + ez ' (5 marks) 

(iii) find Vx (V f) and shows that it is zero. (5 marks) 
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Question two 

Given a vector field F = ex (x 2 2 y2) + ey(6x z) + e (Z2 + 3 y) in Cartesian system and a z 

semi-circular closed loop L (= LI + L2 ) in counter clockwise sense on z 0 plane as shown 

in the following diagram : 

x 
.L, +5' 

(a) Find the value of {F. dl . (10 marks) 

. {LI: z=o, y=O & 5~x~5
(Hmt: )

L2 : z = 0 , x =5 cos(t) ,y 5 cos(t) & O:$; t ~ Jr 

(b) Find '\l x F and then evaluate the value of the surface integral H(V x F). d s 
where S is bounded by the given L . Compare this an~er to that obtained in (a) and 
make a brief comment. ( 15 marks ) 

(Hint: d s =e d x d y and integrate about x first from ~25 - y2 to ~25 - y2 ,thenz 

integrate about y from 0 to 5 ) 
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Question three 

Given the following differential equation as : 
d 2 d (t)~~ + 6 -Y- + 25 y(t) = 0 

d dt 
00 

n sutilize the power series method, i.e., setting y(x) = Ian x + and ao "* 0 
n=O 

(a) 	 write down the indicial equations. Find the values of s and (setting = 1) .a1 ao 
(10 marks) 

(b) 	 write down the recurrence relation. For all the appropriate values of s and a j found in 

(a), set ao =1 and use the recurrence relation to calculate, the values of an up to the 

value of • Thus write down two independent solutions in their power series forms. a5 

(15 marks) 
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Question four 

Given the following non-homogeneous differential equation as 

d
2 

y~t) + 6 d yet) + 25 yet) = 102 cos(t) + 195 sin(2t) 
dt dt 

(a) find its particular solution y p (t) , ( 8 marks ) 

(b) find the general solution to the homogeneous part of the given equation Yh(t) , 

(c) write down the general solution to th
then find its specific solution ys(t) 

e given non-homogeneous differential equation, 
ifthe initial conditions are given as 

(6 marks) 

yeO) =+ 3 & d yet) = - 1 (11 marks) 
dt 1=0 
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Question five 

Given the following equations for coupled oscillator system as : 

d 2 x1(t)_-'7-"- = 5 x (t) + 3 x (t)dt2 1 2 

d 2 
X (t)

_-=22c..:....:-= 2 xl(t) - 6 x2(t)
dt 

(a) (t) = X 2 e iu 
)! ,deduce the following matrix equation x 2 

(-5 3JA X = - co2 X where X'\ 	 (4 marks)X= [ x~j & A= 2 6 

(b) 	 find the eigenfrequencies co of the given coupled system, (5 marks) 
(c) 	 find the eigenvectors X of the given coupled system corresponding to each 

eigenfrequencies found in (b). ( 6 marks ) 
(d) 	 find the normal coordinates for the given coupled system, ( 7 marks ) 
(e) 	 write down the general solution ofthe given system. ( 3 marks ) 
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Useful informations 
The transformations between rectangular and spherical coordinate systems are : 

r =Jx 2 + y2 	+ Z2 

r sin(B) cos(t/» 


y r sineB) sinet/» & 
 11 ~tan-fx': y' J 
Z =r cos(B) 

t/>=tan-t:) 
The transformations between rectangular and cylindrical coordinate systems are : 

x =p cos(t/» 


y =p sin(t/» & 


Z Z 

Z=Z 

where F = ej 	 F; + e2 F2 + e3 F3 

(u j ,u2 ,uJ 	 represents 

represents 

represents 

(ej , e2 , e3) 	 represents 

represents 

represents 

(~ , h2 ,h3) 	 represents 

represents 

represents 

and 

(x, y, z) 
(p,t/>,z) 
(r,B,t/» 

(ex, e ,eJy 

(e ,e; ,eJp 

(er ,eo' e;) 

(1,1,1) 
(1, p, 1) 
(1, r, r sin(B)) 
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for cylindrical coordinate system 

for spherical coordinate system 
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