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PEIE-14 

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2015 
00400 

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 : 	 5x2=10 

(a) Determine the eigenvalues of the following 
matrix : 

(3 

\1 	2)  

(b)  For the complex variable z, show that 

—d cos z = – sin z. 
dz 

(c)  Using the recurrence relation 

(2m + 1)x Pm(x) = (m + 1) Pm+i(x) + mPm_1(x), 

obtain P2(x). 
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(d) Obtain the Laplace transform of sin pt. 

(e) Show that the set of all matrices of order 
m x n is a group under addition of matrices. 

(f) Show that velocity is a contravariant vector. 

(g) Calculate the residue of the function 
f(z) = elk  at the singular point. 

(h) Using the Rodrigues' formula for Hermite 
2 dn 

11 polynomials .(x) = (-1p e
x 
	e-x2 
dxn 

evaluate H2(x). 

2. Attempt any two parts : 	 2x5=10 

(a) Determine the eigenvalues and the 
eigenvectors of the following matrix M : 

2 0 -1 

0 2 0 

-1 0 2 

(b) Prove that the eigenvectors of a Hermitian 
matrix belonging to distinct eigenvalues are 
orthogonal to each other. 

(c) Show that the set of elements (1, i, -1, 
forms a group under multiplication. 

M= 
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3. Attempt any two parts : 	 2x5=10 

(a) Calculate the value of the following contour 
integral : 

z dz 

(z — 1)(z2  + 4) 
C 

where C is the circle defined by I z = 

de  
(b) Evaluate the integral 	1+a coby using 

se  
0 

the method of residues, when —1 < a < 1. 

(c) Obtain the analytic function whose real part 
is u(x, y) = ex  cos y. 

4. Attempt any two parts : 
	 2x5=10 

(a) Determine the Fourier cosine transform of 
the function 

(2 — x) 	for 0 < x < 2 

f(x) = 
0 	 x > 2 

(b) Calculate the Laplace transform of the 
function f(t) = t cos pt, p > 0. 

(c) Calculate the inverse Laplace transform of 

(s —1)2  — 4 • 
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5. Attempt any two parts : 	 2x5=10 

(a) The following is the generating function for 

Laguerre polynomials : 

g(x, t) = 
e-xt/ - 

=ELn(x)tn  , Iti <1 

n=0 
(1- t) 

Using this, obtain the following recurrence 
relation : 

(n + 2)Ln+2(x) = (2n +3 - x)Ln+i(x)-(n + 1)L. (x) 

(b) Expand the function f(x) = 1+ x2 in a 
00 

Legendre series of the form E Ak Pk (x). 

k = 0 

(c) Bessel function of the first kind of order m is 
defined by the following  : 

0. 
302k + m 1 Jin  (x) = 	(-1)k 	  

k!1-(m + k + 1)

( 

 2j 
k = 0 

Show that 

2 J_ii  2 (x) = 	cosx. 
11X 
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1. chi 	ITFTE ACT 	: 	 5x2=10 

() f4HRifid aTrao* 31-0-41TR 	A=C-A-R : 

2, 

TrPrsA 	z 	 ki4 

—
d  
dz cos z = - sin z. 

(TI) Fk-r1 
(2m + 1)x Pm(x) = (m + 1) Pm+i(x) + mPm_i(x), 

d44l41 	P2(x) iT irrq srrqf 411* I 
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(1=0 sin ptTr TN fi4lcit .5fRf W--4R 

A=rf-4R f al-r&O * trr * aTtfrg 	d 

	

m x n 1K4 11111.  aiTue r flt-t=let   61c11 

t I 

() rill  t•NR 	Mrcitiikcicri TrrTZ t 

() f41--4q rtsp-s th---eq.  f(z) = elk 	are-kW 

ct) oct AT-4R I 

(7) -dite 	A To 

n  H.(x) = (-1)n ex2  d   e' 	3TR:47T W(, 
dxn 

H2(x) 4R4hRici W7R 

1TFT 2x5=10 

m 

2. 	ch)i 

() 

r 

PiHro6cr 31I&o 

2 0 — 1 

M= 0 2 0 

-1 0 2 

374-41:1R 311K 3T144-41tqf 1-4tTiftff *rrA-R 

*W-4R 1- fiitt aTr-ov * -5Tff 374-4grAl 
* Tirrff aTr-44-4-e-qr 61 
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3. ail e 	: 	 2x5=10 

() -14-1 c. %id ch-q 	 -grrq lifkchilid 

ttr-4R : 

f 	z dz 

(z —1)(z2  + 4) 
C 

*tcluizi=4440-TTRifft I 

ardRiq "PA W 	11 	kiHIchcl 

271 

f d9  

1+acos0 
0 

tachiCil Al*, 	ch —1 <a < 1 I 

(TT) 4F rciqPici, 	-srrqr Al-NR f4Erwr clit-ci act, 
ITITT u(x, y) = ex cos y 	I 

4. ch 	 A2I.NR 
	

2x5=10 

() 
0 < x < 2 

x > 2 

Tfii*ffr.44 to-11M Aufft-u*tr-4R 

	

(lif) 	= t cos pt, p > 0 W.  c11'f'FF tNtlIck 

tiRchroci A'tr-4RI 

	

(TT) 	so 	W. 05cst)4.1 c11,-(11*1 	tlikehRicl 
— — 4 

AT-A-R 
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5. 	ch 	1-111T Sri 	: 	 2x5=10 

() 	 \11-Ich 	 : 

D (1- t) 

-xt,/ (1- t) 
g(x, t) = 	 ELn (x)tn , It I < 1 

n 

	 3TROf 	-11-irciRgd 71* 1:111744 .51T1 

: 

(n + 2)Ln+2(x) = (2n + 3 -x)Ln+1(x)-(n +1)Ln(x) 

NO 9'c14 f(x) = 1 + x2    auft 
00 

EAk Pk (x) * 	5Rilk 1lfR I 

k = 0 

(IT) 	m 	 741:1 Ncilk * 4Er9 the 

1:1 tifteEfff 	: 

1 
Jm(x) =

xj2k + m 

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

\ 	2 
J-1/ 2(X) = 	cosx. 

71X 
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