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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 
June, 2014 

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 — 
(a) Show that the 2 x 2 matrix 

both Hermitian and unitary. 

(b) Locate and name the singularities of the 
following function : 

f(z) = (z i)2 

(c) Determine the Laplace transform 
eat sin pt, for p 0, s > 0. 

is 

sin sm — z 
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(d) Show that the cross product of two 
---> 

vectors, A =B x C can be expressed as 

Ai = Eijk Bj Ck, where Eijk is an 

anti-symmetric tensor of rank 3. 

(e) Show that set 11, w, w2} forms a cyclic group 

of order 3 under multiplication, where w is 

the imaginary cube root of unity. 

f) Calculate the residue of the function 
zeZ  f(z) = 

(g) Evaluate the following integral : 

f e-x2  x Hn  (x) dx 

- 00 

given that H1(x) = 2x. 

2. Attempt any two parts : 	 5)(2=10 

(a) Show that the eigenvalues of a Hermitian 
matrix are real and that distinct 
eigenvectors belonging to distinct 
eigenvalues are orthogonal. 

(b) For 	the 	quadratic 	equation 

3x2  - 2xy + 3y2  = 4, write down the matrix of 

coefficients and diagonalize it. Recast the 

equation in new variables and identify the 

conic section. 

z2  + a2  
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(c) Obtain the eigenvalues and eigenvectors of 
the following matrix : 

(0 	1 

1 	0 	0 

0 0 0 

	

3. Attempt any one part : 	 10 

(a) Evaluate the following contour integral : 

z2 ea /z dz  

C 

where C is a unit circle about z = 0. 

(b) Evaluate the following integral : 
00 
f  cos  x 

x2 + a2 
0 

dx 

4. Attempt any one part : 	 10 

(a) Obtain the Fourier transform of the function 
2 

e- ax 

(b) Using the Laplace transform method, solve 
the following initial value problem : 

ddt2
2Y  cog y = Fo  sin cot, (.0 

and y = 0, —dY  =0 at t = O. 
dt 

A= 
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5. Attempt any one part : 	 10 

(a) Using the following representation : 

00 

(x) = E i)k 	1 	(x)  

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

show that 

J1(x) + J3(x) = —
4 

J2(x) 
x 

(b) Using the generating function for Legendre 
polynomials : 

2k+n 

g(x, t) = 

 

1 

 

= E Pn(x) to 

n = 0 

   

 

— 2tx + t2  

 

show that 

2x P,; (x) + Pn(x) = 13,,+1  (x) + Pn_1 (x) 
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ift t at( 	ift 
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2x5=10 

(w) -11-1 	 AtTkur 
W--AR 	

 
3ft d-14) R-rxi 	: 

. 1 Sul — 
fTZ) = 	Z  

(z — 1)2  

(ii) p # 0, s > 0 	rc-N e at  sin pt 	711:FRT 

to-ii-clt 31i i*r47 I 
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f-qvqR 	Trf* 	Trf-qr 

A=BxCAi= Eijk Bi  Ck  * Vt1 4 

iFUF 	ticbdi t, 	 Eijk 	3 it 	 

tqfqR fF kt-cclel (1, CO, W2) ijufrl * 331-ft4 ch)P. 

3 ciirif T 	i1k1 	t, \ie co, 1 

34ftr*-PT-ff w4Ta . 
z  

mfr f(z) = 	 33-45rsz  likch 
z2

ze  
+ a 2 

*rr-A-R 

() r+ 	--Ir1R d kigIchcl 	1:17 1II&chrMdArqR : 

fe-z2  x 1-1,,(x) dx 

_00 

ZA gel! TP:IT t 	111(x) = 2x t I 

2. ch 	ttf-L : 	 5x2=10 

() rti.g AINR ft 	Wra aTrRo aTr549-4F 

aR.ciract, 	t 	dtid, fgq.  aTr-14-44A WId 

33T-14-4TTRT -cr- -rtt4 trt 	61 	t 

(u) tErTU eii-fichtui 3x2  - 2xy + 3y2  = 4 	TriO 
3l-r-00 few atIT 	1-4-*-vfqA=tf-A-R I1-4 

-qR 	4 3r9ff t4R33 eidiv 	chki 

-crft-Q-q 	fa cr► o * 
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(Tr) i4ge-Ard 	3174TR a* aTrkquf-47r 

lifkebRici 4tr-47 : 

	

'o 	1 	o\ 

1 	0 

0 

3. cb)i 	ITErf Ati* : 

	

P4-i tsii cb-q 	 : 

f z2 ea / z ciz 

C -crW )ct) 	fAlr*1 	 = 0 tR t I 

P4-11Z1Aii tviteno ITT ITR"3RA *rft7 : 

x2 + a2 

0 

4. 	Kra" iTrTr trf4R : 

(ii) MR" e—ax2 T 	tc‘4IM 31T14 *0'7 

R9Tk1 toltitul fetT 	74TT cbt 

csi (gri 3 	TT 	 : 

u A 2 y 0)02 y = Fo  sin cot, w coo  
dt2  

T4T t  ° tr( Y  = 

dy 0  t 
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5. 	ct)) 7M-  ITTIT 41177 : 

() P-11-HRirtsli 

Jn(x) = 	(— 1)k 	 
1 	x  2k+n 

k! (n + k) ! 

( 

2 

)  

k =0 

i 39T ct.> 	Thz Ar47 

10 

J1(x) + J3(x) 	J2(X) 

(‘) \31fr 	\Y1'14) thFq : 

1 

111— 2tx + t2  E Pn (x) to  

n =0 

g(x, t) = 

~iT 3Tqyt 	rthg *trA7 
2x P1 (x) + Pn(x) = 1'r:+1  (x) + Pr -1 (x) 
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