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PHYSICS 

PHE-14 

 

PHE-14 : MATHEMATICAL METHODS IN 

Time : 2 hours 
	

Maximum Marks : 50 

Note : Attempt all questions. The marks for each question are 

indicated against it. Symbols have their usual meanings. 

2x5=10 ( 1. 	Attempt any five parts : 
r- 

(a) Determine whether 

C 
M = 

0 
• 

—i 

0 is hermitian or not. 

11 1 x 1<a 
(b) Iff(x) 	0 	x 1> a 

then show that the Fourier transform of 

f (x) is 

1
2 sin  ak g  (k)   

NI Tr 	k 

(c) Obtain the analytic function whose real part 

is tz (x, y) = ex cos y. 
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(d) Determine the Laplace transform of the 

function f (t) = e- 

(e) Plot Jo  (x) as a function of x. 

(f) Using the generating function 

g (x, t) = e2xt-t - 	Hn  (x) 
t n 

n! For 

n=0 

the Flermite polynomials fin  (x) show that 

H„ (- x) = (-1)/l Fin  (x). 

(g) 	Locate the singularities of the function 

log (z-1)  
(z)= 	z_2  

(h) Define contravariant and covariant tensors 

of rank three. 

2. 	Attempt any two parts : 	 5x2=10 

(a) For the matrix 

71 
	\r-• 

A = 	
0 ' 

obtain the eigenvalues and the eigenvectors 

of A. Show that the eigenvectors are 

orthogonal. What are the eigenvalues of 

A -1  
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(b) (i) If a real matrix is both symmetric and 

orthogonal, show that its eigenvalues 

can be only 1 and —1. 

(ii) 	Matrix C is not hermitian. Show that 

i (C—C+) is hermitian. 

(c) Define an abelian group. Show that {1, —1} 

is a subgroup of the multiplicative group 

i, —1,— i}.  

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

Calculate the value of the contour integral 

, where C is a circle jzj = 2, 
Z3 (z+4) 

C 

described in the anticlockwise sense. 

(b) Show that 
0 (5-3 sin0)2  — 32  

(c) Expand f (z)=cost in Taylor series about 

z =7/4. 

4. 	Attempt any two parts : 	 5x2=-10 

(a) Write down the wave function in 

momentum space ()(p) as a Fourier 

transform of the wave function in 

configuration space 0(x). 

dz 
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If ili(x) is normalized to unity, then 

show that ($)(p) is also normalized to unity. 

(Consider one-dimensional case only.) 

(b) Apply Laplace transformation to the initial 

value problem, 

f" (t) +4 f' (t) + 3f (t) = 0, 

f (0) =3, f ' (0) =1 to determine F (s) = L [f (0]. 

(c) Obtain the inverse Laplace transformation of 

F (s) = 
s'- +25+3 

 

(s+2) (s+1)2 

5. 	Attempt any two parts : 	 2x5=10 

(a) Derive the Rodrigues' formula for Hermite 

polynomials : 

do 
 

1-1,1  (x) = (-1)" ex 
dxn 

Using the generating function 

tu  
g (x, = e2xt — t2  = 	 —. 

n! 
n =0 
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(b) Using the generating function tar the 

Lagnerre polynomials L„ (x) 

xt 

S (iv t) 	1— t r 

	

I L„(Y)t n 
 

t 

n=0 

derive the orthonormality relation 

0 e 

	
L„ (x) L„, (x) dx = 6„,„: 

(c) Bessel function of the first kind of order In is 

defined by 

v  k+m 

J, (x) = I(-1) k 	 
k! h (m+k+1) 2 

k=0 

Show that, 

J1/ 	— X (y)= \12 -Y2 sin x.  
/2 
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 *751.44 

fd-017 IcIct) (*.TT*. ) 

t-1711ti TIt4TT 

2011 

ir fa-o-rff 
1117-4.1.-14 : 	ift A' 	I ca fatizzif- in 

77777 : 2  	 31ATT-d7T 3iT : 50 

Tia-: 71# 	 ch $1M7 	* 3 -"W 3W 777 f77 	 
Trd7e3.7-7-4 	3T2i el 

1. 	.4 	iTrrr cr) : 

(a) fiqtftff 	: 	 2x5=10 

o 
= 	0 tF-4-t 31-rp- tfr 

(b)  
11 Ix Ha 

(x) 	10 x > 

t 	'ftrz .0.  fon f (x) 1 i-ff7R stri-ff7 

[ 2 sin ak .  
g (k) = 	

k 
	 14it 

(c) c 	rcw)Rich 	 •1- I c41-c-1111.1 

9-W1 ii (x, y) =cos y 1 
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(d) 410-1.f (t)=e — bt 	- 11T1174 tc\LIIit 	c-R1 

(e) x 	41cti 	tc\t-( 	Jo  (i) chl 371- 1 4f4 I 

(f) 514Z 	Hn  (x) 

(x) L
" 	 17-4FT g (x,t) = e2X t —t 2  = 	H n 

n! 
n=0 

alt #1--z al••  •F" H,, (—x)=(-1)11  Hn  (x). 

(g) L"I-1 	(z)  = 
log (z-1)  1-)1 Fa rti 	 T-21-ra.  

fiqiTriT c • I 

(h) 1-ra cThiqA 	(14 01 * 	Tfq-w 

14 ,49-TMT Gicl i I 

2. 	")."4Trrf 	: 	 5x2=10 

(a) 	A: 

' 	.12 
A = ,..12 0 j' 

4-11-1 * 337)7 Z4fq7 	111 c* 	 i fiT4 

ct) a 	Tit7T 	I A -1  t.  374i 

HI-f cwit 	? 
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Tffq 	IN,ct ci* sTralg. TrIR-fi:m -31'k 9-ff-4T- 

f#-4 	1-* TEr: 

3T-r9,T C 7fittl 	 

(c) 	31rt w  c) Lirorni-r 

{1, —1} qui-iicH* 	1, —1, -- 	-) 

t I 

3. 	(a) %IT 	 --)1 	: 	 5x2=10 

F-14--irciR5d  	 : 

f dz 
, 7er.  C -= 2 	171 

(z+4) 

f-17rr -44 Li 4,1TrrEr 

(b) fff;g c 	j : 

r  
dO  

0 (5-3 sin0)2 	32 

(c) z =7/4 * 1;ffa. f (z) cos z   *ft cif 

1 
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4. -4") 4?' 94T1T 	 5x2=10 

(a) 171 TFI:rftZ (1)(0 14 	fry 7'1 Fm Fc1.4-4R1 

•M:frEZ ilt(x) 	c-141 1:F-07 

qrq t1(x) nisi Lbci-f 	cpci t--4.1fiT4 cn't fT.  

0(p) 777 `ift 	 t I ( 

I 

(b) 	t.10 alit-14F 741:1711 

f " (t)+ 4f ' (t) + 3f (t) = 0, 

f (0) =3, f ' (0) =1 

Tr{ 'FPR:f 	 F (s) = L U (t)J -11c1 

.W11 

s2 +2s+3  
(c) 	F (s) = 

(s+2) (s+1)2 	171M  

Lifichroo -."t I 

5. 	ch)i 0'1-171 	: 	 2x5=10 

(a) 	•=i-ich 410-f : 

PHE-14 

to  
g (x, t) = e2xt-t2  = 	(x) 

n! 
n=0 

717471 	TrTi7 q-q7" 	Fri 	tk 	 tA 

97431' '0, 

do 
Hn  (x) = ( —1)" 

tix" 

10 



(b) (11'1 -q-qtr-q:t \TN*L1 H : 

xt  

g (x, t) — 	
1 t 	

IL„(x)t" 
— 

n =0 

cf, TT?* cnt 1:-Frir(51 cilrolohdi 4s1Y---T 

oh : 

—x 
e 	Ln  (x) L

, (x) dx = 8„„,• 

(c) -TTta 711 	c 32117 74)It 	-1c.1 1T-)(1-1 

1:14-1R1R5cf c1 	1 	r Yrollf971- 7 Alc11 : 

(x)="(-1) k  , 
F (1 k! 	04 +1) ( 2 

(A. 2 io-rn 
1 

k=0 

-ft:rz 	rci) 

J1/ (x)-= 
2 

 x 
/2 	Tr 

sin x. 

< 

00 
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