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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2014 

PHYSICS 
PHE-14 : MATHEMATICAL METHODS IN 

PHYSICS-III 

Time : 2 hours 	 Maximum Marks : 50 

Note : All questions are compulsory, but internal choices 

are given. Symbols have their usual meanings. The 

marks for each question are indicated against it. 

1. Attempt any five parts : 

(a) Show that the 2 x 2 matrix a = 

both Hermitian and unitary. 

(b) Locate and name the singularities of the 

function, 

f(z) = 
log (z — 1)  

zz 

5x2=10 

40 	— is  

is 

0 

in the finite z-plane. 
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(c) Using Rodrigues' formula for Legendre 
polynomials : 

Pn (x) = 
2n1n ! 

do 
 (x2  — 1)n , dx  

obtain the value of P2(x). 

(d) Calculate the Laplace transform of r 112. 
(e) If co is the imaginary cube root of unity, show 

that the set 11, co, w2) is a cyclic group of 
order 3 with respect to multiplication. 

(0 Define symmetric and anti-symmetric 
tensors. 

(g) If f(z) =  `1 - 1 , calculate the residue of f(z) z  
at the singular points. 

(h) Show that 

L [r(t)] = s L [f(t)] - f(0), s > 0. 

2. Attempt any two parts : 	 2x5=10 
cos 8 sin ,ZP 

(a) Given M = 
- sin 0 cos 0)  

calculate M-1  and M2. Determine the 
eigenvalues of M. 

(b) Show that every eigenvalue of a unitary 
matrix is a complex number of unit modulus. 

(c) Show that the set of all non-singular square 
matrices of order n forms a group under 
multiplication. Is this group abelian ? 
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3. Attempt any two parts : 	 2x5=10 

(a) Evaluate the contour integral 

dz  
z3(z – 4) 

where the contour C is a circle with 
traversed counter-clockwise. 

(b) Evaluate the integral 

00 

el

dx  
(x2 + 4)  

0 

IzI = 3  

by the method of residues. 

(c) Show that 
cos z = cos x cosh y – i sin x sinh y and 
d — cos z = – sin z 
dz 
where z is a complex number (= x + i y). 

4. Attempt any two parts : 	 2x5=10 

(a) Determine the Fourier transform of 

f(x) = eµ2' 2. Plot f(x) and its Fourier 
transform. 

(b) Obtain the inverse Laplace transform of 

2 F(s) =  2s – 3  

(c) Calculate the Laplace transform of the 

function f(t) = sin 5t cos 3t. 
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5. Attempt any two parts : 	 2x5=10 

(a) Show that P n(x) = (– 1)" Pn(x) 

where Pn(x) is Legendre polynomial of 

degree n. 

(b) Using the following expression for the Bessel 

function of order n : 
00 

(x)2k+n 
Jn(x) = 	(– 1)k 	1  

k!(n+k)!2 
k = 0 

show that 

—dx [x Jl  00] = x Jo (x) • 

(c) Using the generating function 
00 

g(x, t) = e2xt - t2 	Hn  (x) to  
n! 

n = 0 

for the Hermite polynomials, obtain the 

recurrence relation 

Hn+2(x) = 2x Hn+i(x) – 2 (n + 1) Hn(x) 
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1. 	 grw ITriT*07: 	 5x2=10 
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(.11) 70.4 f(z).  log (z - 1)  
z2  

tritiird  	id 	/04 Tr AtTkur 
di4) 	ffi-4R 

PHE-14 	 5 	 P.T.O. 



(TI) t 

Pn(x) = 
1 	do 	(x2  - 1)n 	3741)Tf 

2n  n! dxn  

Pix)w Trrq vrfr W—AR 

(v) t-1/2 W 	tri7R 

(3:) irq (0, T*14 *r 3TRT-+-1 	v9.10 t, 	Hog 

te4R f* 	 ti, 0), (02i, TH *ITMAT 41 	P. 
3 awl! 7W misAti k140 t 

	Q- 1:rfoTrfita-  trr-4R 

(u) f4-N-4 Rsi-Sat th-F-4 f(z) =  ‘,1   * 3-10411Z 
z` -1 

*'tflR 

(7) f  *fr4R 

L [f'(t)] = s L WO] - f(0), s> 0 

2. 	ITIrr At f* : 	 2x5=10 

cos 0 sin 0 
() -RR 	

M= [- sin 0 cos 0 

* 	3f m2  tachRici W—A-R I M 
	370-411-fq 3m:r ttr-A-R I 

tt4R 	ai-pz 3k--* 37-0-41-F 
vscre4) iii4i4)*111:1531.  TiWEIT 	t I 

(7) RI 	4 WA 	31.1 	aTtfrff .W).ft n alcs 

Rift 	 3474-  
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3. ch.ii e lurr %rp..A-R : 

() 	 

dz  
z3(z 4) 

2x5=10 

C 

1:FR '-iikchiCici *A7 qt.  ch-q C .41 1:1T44 R40 
4, z I= 3 	d crA am! 19 t 

31-4DP f4fiterr 51e1), I 	 Ilikch 	 

*rP4R : 
00 

(x2  + 4) 
0 

(TO R-1,5 -*I"N7 
cos z= cos x cosh y– i sin x sinh y 

—d  cos z = – sin z 
dz 
z 	 (= x + i y) I 

4. chi 	 e iTrTr*trA : 	 2x5=10 

() 4)0-1 fix) = CIA2 	tc\41.-c1t 	cb (-to 
1 R I xh-FR-  f(x) 	3t4 .ctit4 to41-M Tr 
aft tifRN 

(iii) TM.  F(s) =  2s 3  	W 	-aTIFT4 
s2  +2s+2 

-g-rFr •Q-r.-  

f  dx 

(ii) TF-0-4 flt) = sin 5t cos 3t iT"ffMTEF to-ucit 
tacbRict *11* I 
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5. Qi 	i-Tfrf ttN7 : 	 2x5=10 

(") rfi 	trr 	f 	P_n(x) = (- 1)n  Pn(x) 

•316 Pn(x) .1;1Q n if cs,311. 	qcg t I 

(*) n Pi-ifCiRgo TF-67 ceiAct) 

Jn(x) = 	1) 

k = 0 

1 	x 
k ! (n + k)! 

() 
2k+n  

zqq-17 ( 	-R4-4 ttr-4 

— [x Ji(x)] x J0(x) . 
dx 

(TT) -RtZ A-Eqql* \71-14) TFeq 

g(x, t) = e2xt - t2  = E  Hn(x)  to  
n! 

n = 0 

714:43T -IHRINO 71* 

Hn+2(x) = 2x Hn+i(x) - 2 (n + 1) Hn(x) 

trr-A-R 
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