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PHYSICS 
PHE-14 : MATHEMATICAL METHODS IN 

PHYSICS-III 

Time : 2 hours 	 Maximum Marks : 50 

Note : All questions are compulsory. The marks for each 

question are indicated against it. Symbols have 

their usual meanings. 

1. Attempt any five parts : 	 5x2=10 

(a) Show that the transpose of an orthogonal 
matrix is its inverse. 

(b) If Ali is an anti-symmetric tensor and B. is a 

vector, determine AiiBiBi . 

(c) Show that z = 0 is removable singularity of 

the function f(z) = sin  z3 

(d) Show that each element in an abelian group 
is a class by itself. 

z 2 
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(e) Obtain the Fourier sine transform of the 

1 0 < x < 
2 

it 
X > - 

2 

(f) Calculate the Laplace transform of the 

function (3 + 3 e 2t). 

(g) Obtain Pi(x) using Rodrigues formula. 

(h) Using Cauchy integral formula, evaluate the 

integral 
f exp(z) 

 dz over the closed 
z 3  

contour C formed by the lines x = ± 1 and 

y = ± 1. 

2. Attempt any two parts : 

(a) Determine the eigenvalues and eigenvectors 

of the matrix 

7- 2 	2 	- 

A= 	2 	1 -6 

	

-1 	-2 	0,  

(b) (i) Tiki is anti-symmetric with respect to 

all pairs of indices. Express this 
statement mathematically. 	 2 

(ii) Show that (1, - 1) is a subgroup of the 

multiplicative group {1, i , - 1, - 	3 

function f(x) = 
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(c) Show that every eigenvalue of a unitary 

matrix is of unit modulus. 	 5 

3. Attempt any two parts : 	 2x5=10 

(a) Obtain Laurent series expansion of the 

function 

f(z)  = z2  — 4z + 3 

in the region 0 < I z — 1 I <2. 

(b) 

(c) 

Evaluate the integral 

2n

dO 
Prove that 

0 

00 

= 

dx 
2 

X + 

2n 

• 4 

2+ cos° 
.1 

.43 
0 

4. Attempt any two parts : 	 2x5=10 

(a) Obtain the Fourier cosine transform of the 
function 

1 

1 — — 0 < x < 2 
f(x) = 

0 	x > 2. 

(b) Obtain the inverse Laplace transform of the 
function 

F(s) = (52 4)2 • 
2s 
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(c) Use the Laplace transform to solve the 

initial value problem 

y" + 4y' + 3y = 0, y(0) = 3, y'(0) = 1. 

5. Attempt any one part : 

(a) Using the recurrence relation 

(n +1)Pn+i (x)- (2n +1) x Pn  (x) + n Pn_i  (x) = 0 

evaluate the integral 

+1 

f x Pn-i (x) Pn(x) dx • 
	 10 

(b) Using the generating function 

ex, t)  exp (- xt /(1- t))  
1 t 	1 t 1  < 1  

for Laguerre polynomials, establish the 

following recurrence relation : 	 10 

mL (x) = (2m - 1- x)Liii _ 1(x) -(m - 1)L in (x) 
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1. ch ri* mrt 	 rr-4R : 	 5x2=10 

()  	 aTrav 	TrIt44 *tv,bt 

(w) zrft Aid 1 1R-1:114ftiff 	41k 	3T1T Bi 	Trr-qr 

t, 	 TER Td 	I 

7 3 
(T) RTZ *11-4R 	z = 0 Th-FR.  f(z) =  2 -‘1 

z  

3T14-4-4 	'clACII t 
(v) r 	 4 11 f ii 374-41 kpo 	awzm 

lizi -4Tqrit 

PHE-14 
	

5 	 P.T.O. 



1 O<X<—Tc 
(3;) 	f(x)= 	

2 

0 	x > Lt  
2 

r Tit4  '11-1  (mfr) 	̀14  kR -ftWed7 

(i) Th---0. 	(3 + 3 e2t)Tr-ITIT to-lick 14Rchroci 
-Q177 I 

(0) t 	V ,.lt ti 	Nel) 1 1 	Pi(x) fry 1 

(7) *4-Ft w-lichci ti fir wilii abtd r, ,iiip,,,,i 

exp(z)  dz  '44  x  = + 1 w Y= + 1 4 
z 3 

C 

..i.li chq CtR Lag, cid crrA-R I 

2. 4N Ti" WIT 	rr-47 : 

() AIR airaz * aTrO4lirq3 3l-r-09-e-414 

	

'— 2 	2 	— 3` 

	

A= 2 	1 —6 

—1 	—2 	0)  

(174) (i) Tim Plft ktcichIch TH .  * TF1441.  3A-TP:FiTid 

I Tff WaR 	ITRITtiT IITIF 	cei th  

Alf-A7 

(ii) fEr4 *:fir--A7 -k {1, —1} qufrlIciich Tr1:0 

	

{1,i,-1,—i}fir 	31:11:7 	I 
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.0 

4. ch)i e RFT -a*1r7R : 

(w )  1 FI f(x)= 

2x5=10 

0<x < 2 

x > 2 

(T) R.I.,511-4R 	aTrao TrA-  34T-44TR 

 	I 	 5 

3. ch e 	*11-4R : 	 2x5=10 

1  
() 0< I z-11 <2 	thF-4 f(z) = 

z — 4z +3 

014 auFt 	'11-4R I 

00 

	

dx 	 
kvilchci j. WqR I 

x 
2 
 +4 

0 

27c 

(Tr) Rcg .rf-A-R 	
d0 
	 = 
2+cos0  

Tit4 .4TrrF ( 11) ke'LlicR TrRr WqR I 

2s 
(ii) tb-F9.  F(s) = (s2 _ 4)2 

•r 	 "ick Trrqr W-4R I 
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(Tr) -ffRi-ru t\i-ricR 	srei chk aTrR Trrq Tr 	TT 

y" + 4y' + 3y = 0, y(0) = 3, y'(0) = 1 

*If-4R 

5. Ohl q• ITFT  

() 	TRF'T- 

(n +1)Pn+i (x)- (2n +1) x Pn (x)+ n Pn_i  (x) = 0 

M el 1 1 

+1 

—1 

x Pn-1(x) Pn (30 dx 

 

kixi lcbc1 

1-11kchRld *trq-R 	 10 

NO Al 	TF—MR.  

goi, 	exp (- xt/(1- t))  I t <1  
1 - t 

WfiT1 chi 	 -4-F41 	-14-1 

Ful% TigERT 1:21-Orff 	: 	 10 

mLm (x) = (2m -1 - x)L m  _ 1 (x)- (m - 1)L m (x) 
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