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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

o
o
0 June, 2013
e PHYSICS
- PHE-14 : MATHEMATICAL METHODS IN
PHYSICS-IIT

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 = (i 0 J is both

hermitian and unitary.
Obtain the Laplace transform of f{t) =t2.

(b)
(©)

Obtian the Fourier transform of f(x), where

(x) = ¢ O<x<l
f(x)= 0 otherwise

and c is a constant.

(d) Locate the singularities of the function :
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(e)  For the Bessel function of the first kind of
intergal order m given by :

o K 1 x2k+m
Jm () = kgo(_l) KT (m+ k+ 1)(5)

show that J,(0)=1 and Jm (0)=0 for m#0.
(f)  Define contravariant and covariant vectors.

(8) Rodrigues’ formula for Hermite polynomials
is :

n
an 2

2
— (_1\n x
H, (x) = (-1)"e i e

Obtain H,(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 1
of the matrix

1 0:’. 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.
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3. Attempt any two parts : 5x2=10

dx
x2+4.

(a) Evaluate the integral :jow

(b) Obtain the residue of the function :
fz)=zel/% dz at z=0.

(c) Obtain the analytic function whose real part
is : u(x, yy=e* cos y.

4.  Attempt any two parts : 5x2=10
(a) Determine the Fourier transform of :
flx)=e™ .
(b) Obtain the inverse Laplace transform of :
F (S)= __iz__
(S-1)" -4

(c) Obtain L [f(t)] for f(t)=1 cos wt.

5. Attempt any one part : 10
(a) The generating function for the Legendre
polynomials is :
1 3 n
g(x, t) = = 2 Py(x)t
N1-—2xt+ > n=0
Derive the recurrence relation
(2n+1) xP (x)=nP, _1(x)+(n+1) P, ;1(x)
Using this relation show that

Py(x) = % (5x° - 3x) .
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(b)
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Using the generating function for the

Hermite polynomials H, (x),
2 2 Hy(x)t"
g(x, t)=e2t" 2 ¥ Ay () derive
n=0 n!

[ 2
e " Hy(x)Hpy (x)dx
the relation - « .
=2"n! 'rré dnm

Hence evaluate the integral

o 2
j xe ™ H,(x)dx

— ©
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0 —i
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(o)
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(e) Uik HIfe 1 AT 9o YR F S Ford -

M8

B K 1 x2k+m
]m(X)—k o( 2 k!F(m+k+1)(E)

% fau fag #1 f&F Jy0)=1 s J_ (0)=0
N m#0

(f)  gfqufiedt iR aeafted wfewi = afmw frg
(¢) @itz Tl 0 g Frerfian 3

g2 dt 2
H,y (x) = (-1)"e dxne
H,(x) 9r<t ¥ |
(h) s = % R & o awafas demst
W= T 98 e 2 |
2. @FFFUMHL 5x2=10

0 1

@ 311&{6[1 OJ%WW@?W@HW
o w1 g X f e iy s §)

(b) o5 *X i Uk amegs %1 7% e T
T AT arelt Wing e a2

(c) o= =1 weraa & waarg fovye %t gft wfuft
fe@md |
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FIg S A HL | 5x2=10
(a) freafafas warws &1 IREFT FL
o dx
0 x2 4+ 4
(b) z=0 % gid werA f(z)=zel/Z dz 1 HARE
T |
(¢) e faeafues werm wi i st Ersiceahl
u(x, y)=e* cosy 7

4. @EFgram s 5x2=10
(a) T f(x) =e* H FOR T HHCH
F
S
F(S§) = ——— 5T
() wad F(5) (5_1)2_4651 TH |
HATATE T I 61 |
(c) Wf(t)=tcoswta‘nmL[f(t)]maﬁ|
5. I3 Tk T R 10

(@) mﬁa@ﬁwmwﬁﬁﬁfm%:

g(x, t) = S S P, (x)t"
Ji-2xt+ 2 n=0
freafafad qAeEfa g9y et F1)
(2n+1) xPn(x)=nPn_1(x)+(n+1) PnH(x)
@ a4y &1 39T HI @G %1 f&

P3(x) = % (5x3 - 3x) gl
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(b) ®fHe sgwl H,(x) & frerfafad s wem -

H, (x)t"
0 n!

F1 37 3 Freafafed de s w%

Q2xt - 2 _

M8

g (x, t)=

n

'f T e Hp (x)Hpy, (x)dx

— 0

1
= 2nn!‘rré dnm
3R f=1 TaTFe
0 2
J xe ™ H,(x)dx

—

1 qRafera =i
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