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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2013 

PHYSICS 

PHE-14 : MATHEMATICAL METHODS IN 
PHYSICS-III 

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 : 	 2x5=10 

(0 —i 
(a) Show that the matrix A = / . 0 

 is both 

hermitian and unitary. 

(b) Obtain the Laplace transform of f(t) = t2. 

(c) Obtian the Fourier transform of f(x), where 

f (x) = 
0 otherwise 

and c is a constant. 

(d) Locate the singularities cf the function : 

f(z)= 
log (Z+ 2i)  

2 
 

l

c 0< x<1  < x < 1 
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(e) For the Bessel function of the first kind of 

intergal order m given by : 

00  
L., (X) = 	(-1)k 	1  

k= 0 	k (m + k+ 1)(2 
x )2k + m 

show that J0(0) =1 and Jm  (0) = 0 for m# O. 

Define contravariant and covariant vectors. 

Rodrigues' formula for Hermite polynomials 
is : 

Hn  (x ) = 	ex2  dn  e_x2 

clxn  

Obtain H2(x). 

(h) Show that the set of real numbers is not a 

group under multiplication. 

2. 	Attempt any two parts : 	 5x2=10 
(a) Obtain the eigenvalues and the eigenvectors 

[0 11 
of the matrix 1 oj . Show that the 

eignevectors are orthogonal. 

(b) Show that the eigen values of a unitary 

matrix are complex numbers of unit 
modulus. 

(c) With the help of a diagram, enumerate all 

the symmetries of an equilateral traingle. 

(f)  

(g)  
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3. 	Attempt any two parts : 	 5x2=10 

dx  
(a) Evaluate the integral : 

J x2 + 4  

(b) Obtain the residue of the function : 

f(z)=zelix dz at z =O. 

(c) Obtain the analytic function whose real part 

is : u(x, y) = ex cos y. 

	

4. 	Attempt any two parts : 	 5x2=10 

(a) Determine the Fourier transform of : 

f (x) = e-x
2 
 . 

(b) Obtain the inverse Laplace transform of : 

F (S)- 
 (S - 1)2  — 4 

(c) Obtain L [f(t)] for f(t) = t cos wt. 

5. 	Attempt any one part : 
	 10 

(a) The generating function for the Legendre 

polynomials is : 

g(x, t) = 	
1 	

- 	Pn(x)tn  
-\/1 - 2xt + t2 n = 0 

Derive the recurrence relation : 

(2n +1) xPn(x) = nPn-i(x)+ (n +1) Pn+i(x) 
Using this relation show that 

P3 (X) = —12  (5x3  — 3x) 

S 

CO 
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(b) Using the generating function for the 
Hermite 	polynomials 	H11 (x), 

	

e2xt - 	 (x) tri  

	

g (x , t)=   derive 
n= 0 	n! 

	

co 	2 
e Hn (x)Hm (x)dx 

the relation - 

2nn ! Tr/ 2  

Hence 	evaluate 	the 	integral 

2 _ y  
x e 	H, (x) dx 

— co 
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T111.-14 

td—grff k-11cich (a7[74. ) 

1.c1 

7:f7:17 : 2 

-T., 2013 

3.T.W : 50 

1.1rd 	fqJri 

: 	 41ruicati fafErgf-III 

EITQ- 	 3TrET777 

: 7:1217 04-1 ca I TfT 51`7 	37rW 374-  TITTT# 

Ti-d7w- 37-74 1N41/-q 372 f ei 

N 

1. 2x5=10 

(a)  

(b)  

(c)  

trla.  Irrrr cb 	: 

-ft1-4 rnZ r 	f-14-1 

A
= (0 

i 	) 

fod 	: 

Trift 	ti 

41(1-1 f(t) = t2 	r r 	FiT tc\LIIcR 

-14-1 	Oci 41(-1-1 f(x) ch1 1174fi -I I t-R 7117f 

C 0 < x <1 
f (x) = {0 	39Tr 

(d) LI-> cl 	f (z) — 

f9-41-7-r .1-) • 

	

PHE-14 	 5 	 P.T.O. 

log (z + 2 i)  4;1  rcir,lAdiA chi 
z2 



(e) 711* 	ni qT 52TTI -51M-11 t A7:1-9.  Lb 	: 

1 	(x)2k + m 
jm 	 (-1)

k 

k = 0 	k !F (m + k + 1)(2 

	

ft-1Z     Jo(0) =1 3th Jm  (0)=0 
m#0 

(f) 	tricil AT 	Trke 	,Arorrisrr f -d I 

(g) r U;Lrr 	 r1Hrorocr : 

2 	 
dn 

Hn 
 (x) -= (-1)n  ex 	e —X2  

dxn  

H2(x) 31171c 	 I 

(h) f(TZ ct rch 	34417 cIR-ct cich  TfL~fT31~ TT 

tT mciq 1, :Ely 

2. 	wie 	cf.) I 	 5x2=10 

0 1 

(a) ‘3T1— 	[1 0] 	
31749.  Tuff AT 31-qz-17 Trr--q-T 

	

-51-RT aTh fq-4 	rch an-5-49-  Trkw 	tl 

(b) f 	c( 	tf 	3-Trwff 	3-1749.  TIN 
1-114111 	r&r -TfUT 	t 

(c) r-c11 cb 	1-1c114Tri=1--q-r-gfq9A-7 ch.) -Rift ,-1 4-114-Rir 
-r-q-ur 
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3. ch)i4NTI-T I 	 5x2=10 

(a) 1-.1-ThftM 11.14TT 	TT -cifTT -9- 	: 

f 00  dx 
J 0 x2  + 4 

(b) z=0 t 	Lhril f(z) = zel/z dz 	3T-d-FTEZ 

c. I  

(c) c1 	Fa* th---0*51111 ch••  fqt:ITT 	cich IITTT 

u(x, y) = ex cosy t I 

	

4. 	oh Or  7), I-T1T1 ct).  I 	 5x2=10 

(a) td f (x) = e—X2 	TOZR ,41c1( LiRch rid 

cti.  I 

(b) 1-1101 F (S) — 	 -T T 	a 
(S — 1)

2 
 —4  

--VT -14 

tc,41dt -5Fici a, • 

(c) thri-t f(t) = t cos cot   L [f(t)] 5-F?f chi I 

	

5. 	chior    I 

(a) 	vii 	Wet -TT -WIT Lhirid F-11-1 (.qd t : 

g(x, 	
1 

—   = 	Pn (x)tn  
— 2xt + t2 n = 0 

1:1TTAfT1 	Zzgcrg Tt.  I 

(2n +1) xPn(x)=nPn _1(x)+ (n +1) Pti±i (x) 

14.A:t1 TT TETTRIT TT fTTZ 	fT : 

P3 (X) -12L-  (5X3  — 3X) t I 

S 

10 

CO 
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(b) eFfZ 	Hn(x) 	 79 	: 

g (x, t)= e2 x t — t2 	Hn (x)tn  
n= 0 	n! 

r --crzft-TT ct), 1:11--16 	d 401.4 '- FcrT 	: 

.1 cc.2 

 

e -x 2 - 
= 2nn ! .-rrY2  8 

oo 	2 
X e 	Hn (x) dx - 

(ch R1 	d 	 
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