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01002 	
PHYSICS 

PHE-14 : MATHEMATICAL METHODS IN 
PHYSICS-Ill 

Time : 2 hours 	 Maximum Marks : 50 

Note : Attempt all questions. The marks for each question 

are indicated against- it. Symbols have their usual 

meanings. 

1. Attempt any five parts : 	 5x2=10 

(a) Define a • unitary matrix. Verify that 
( 	

) 
0 1 

a = 1 0  is unitary. 

(b) Show that the function w = z 3  satisfies the 

Laplace equation. 

(c) Calculate the residue of the function 
ze z 

(z — a)3  • 

(d) Obtain the Laplace transform of te at. 

.(e) Show that velocity is a contravariant vector. 
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(f) Plot Laguerre polynomials 

ex dn 

n 
Ln(x) = 	(xne-x  ) versus x for n= 1. 

! dx n 

(g) Given that 
0. 

1 	

( 2 )  
k=0 

Jn (X) = 	
(- 1)k k!F(n + k +1) 

k=0 

write the first three terms of J 0(x) and J 1(x). 

(h) Show that {1, -1, i, - forms a cyclic group 

of order 4. 

2. Attempt any two parts : 	 2x5=10 

(a) Obtain the eigenvalues and eigenvectors of 

the matrix 

P= 
i 	0 

Show that the eigenvectors are orthogonal. 

(b) Prove that the eigenvectors belonging to 

distinct eigenvalues of a Hermitian matrix 

are orthogonal to each other. 

(c) Enumerate all the symmetries of an 

equilateral triangle. 
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F(s) = 	
6 

s2  — 4s — 5 • 

3. Attempt any two parts : 	 2x5=10 

(a) Obtain the Laurent series expansion of the 

2  z 
function f(z) = 	  about z = 1. 

(z — 1)2  (z + 3) 

ez  
(b) Evaluate c z(z + 1) dz '  where C is the circle 

I z — 1 I =3. 

(c) Evaluate the contour integral 	ze liz  dz 

around a unit circle about the origin. 

4. Attempt any two parts : 	 2x5=10 

(a) Calculate the inverse Laplace transform of 

the function 

(b) Obtain the Fourier cosine transform of the 

function 

f(t) — 

t0 < t < a 
a 

2a — t 
0 < t < 2a 

a 

0 	t > 2a . 

  

(c) Solve the initial value problem 

y" + 2y' — 8y = 0, y(0) = 1, y'(0) = 8. 
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5. Attempt any one part : 	 1x10.10 

(a) Using the generating function of Hermite 

polynomials 

00 

e2xt - t 2 
H (x) 

tn 
n 	n ! 

n=0 

prove the orthogonality relation 

00 

f e-x2  H. (x) H m (x) dx = 2 n  n! ,rrt 8 

- 00 

where 8 is the Kronecker delta. 

(b) The generating function for Legendre 

polynomials is 

00 

g(x, t) = 	
1 	

9  = E Pn (x) to 
- 2tx + 	n.0  

Using this relation, obtain the recurrence 
relation 

(2n + 1)x Pn(x) = (n + 1) Pn+i(x) + n Pn_1(x). 

	

Also obtain the value of P2(x). 	 8+2 
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n=1 m ( ATI-41 

ex  dn  
n! 

	

Ln(x) = 	(xne-x) 
dx n 

x* 4t 31A9 It* I 

(u ) Re 	I Trzrrt i 

1 	(x)2k+n 

	

jn (X)- 	( 	k! F(n + k +1) 2) 
k=0 

Jo(x) at(Ji(x)* TO AIR Tr4 IFftrR 

(7) 	4 *tr7R i (1, -1, 1, 	cblfa 4 W.  

,49G14  	t 

2. et) 1 	14FT 	WAR : 	 2x5.10 

1-41r aTraT • 31Tr-O-tmq 3111 3704141t4 3rtqf 

P 	
— 
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3. cb # 	Te *If4R : 	 2x5=10 

() z = 1 	TFaq f(z) = 	z2 
	fir 

(z - 1) 2  (2 + 3) 

	 4uft 3RTR 7171 trP4 

(w) 	dz 	 *rfA-R, A6 z(z+i) 

C, 	 I 

-go-f..,* 3r1W T4-04) 	t al 	 H 	 

f ze liz  dz 	*tP4R 

4. Qi 	iT(Tr *rf* 

(T) Tb-aq 	 6 
F(s) = 2  

S - 4s — 5 

	*11"4R I 

NO TM-4 

2x5=10 

51 twicsto4'ItaTEF 

f(t) = 

t
0 < t < a 

a 

2a — t 
0 < t < 2a 

a 

0 	t > 2a 

  

Wr TA* q;) ,7(1( (tea) 	ArRi 4i1=4R 
(Tr) aTrit iTrq 1:grizrr 

y" + 2y' — 8y = 0, y(0) = 1, y'(0) = 8 

*1f-4R I 
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5. ct-A4 	NTT( r 	: 	 /x/0./0 

cam) X14 	fa 	4-•1 ORSid ‘Sfrieb 1:b77 

00 

tn  
e2xt- t2 =E H (x) 

n 	n! 
n=0 

d4e1 1 1 apt 1II btlf 144tTf#4*Ii7R 

00 

e-x2  Hn (x) Hm  (x) dx = 2 n  n! i 8 , 

00 

Wet kin  TY47 

(13) 	ATre 	zilch thF4 	 : 

Co 

g(x, t) =  	
1 	

= 	Pn  (x) t o  
— 2tx + t2  n=0 

3441111  mot,Ttui% 
(2n + 1)x P,i(x) = (n + 1) Pn+i(x) + n Pn_1(x) 

	

7f7f*tf"4R I P2(x) 	-ITR 1f1 3rrqr A=rf* I 	8+2 
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