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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

June, 2011
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

(a) Determine whether

4~

0 —i
M= (2. 0 ) is hermitian or not.

1 |x|<a

(0) If(x) = {_0 x| >a

then show that the Fourier transform of

f@)is

" _\/Z sinak

(c) Obtain the analytic function whose real part

is u (x, y)=e¥ cos y.
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(d) Determine the Laplace transform of the

function f(t)=e b

(e) Plot ], (x) as a function of x.

(f) Using the  generating function

o<
1
g (x, 1) = L’ZXt_tz = E Hy (x) e For

n=(

the Hermite polynomials H, (x) show that
H, (=x)=(=1)" H, (x).
(g) Locate the singularities of the function

_log(z—1)

fe)==2=

(h)  Define contravariant and covariant tensors

of rank three.

2. Attempt any two parts : 5x2=10

(a) For the matrix

L1 2
J2 o0 )
obtain the eigenvalues and the eigenvectors

of A. Show that the eigenvectors are

orthogonal. What are the eigenvalues of
ATL?
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(b) (i) Ifareal matrix 1s 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
{1, 4 —1,-1}.

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

Calculate the value of the contour integral
dz . . ;
—————, where C is a circle jz] =2,
73 ) ‘

(z+4
C

described in the anticlockwise sense.

27

e !
0o (5-3 siné))2

N

(b)  Show that J. —;—

o8]

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

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

contiguration space di(x).

(€8}
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If W(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,
fri+af +3£() =0
£(0)=3, f' (0)=1 to determine F (s) = L [f(f)].
(¢)  Obtain the inverse Laplace transformation of
57 +25+3
F(s) = — -
(5+2)(s+1)
Attempt any two parts : 2x5=10
(a) Derive the Rodrigues’ formula for Hermite
polynomials :
2 v _ 2
H, (x) = ()" ¢ e
0= (e
Using the generating function
f'”
g D) = 2= = ) Hy () —.
n
n=0
4
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(by Using the generating function for the

Lagnerre polynomials L, (x)

xt X

Rt .
gx t) = ]-—t[ :-zldn(x)t”, It < 1,

n=0

derive the orthonormality relation

,7Y o
J-O ‘ Ln (\) Lm (l) dx = bnm'

(c)  Bessel function of the first kind of order 1 is

defined by

')

. 1 ¥ 2 k+m
foemd —1 'S ———— e f—
Jin ) 2( ) k!I'T (m+k+1) (2)
k=0
Show that,

I% (x)= \/% x-% sin x.
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wueg.-14

fag™ wmaes (Siua. )
LEIGRE|)
A, 2011

ifaer fawm
wues.-14 : Wifael § it fafuat-n

gHT : 2 FquZ SfFTH 37F : 50

FiT: QU 97 FL G9F T & HF IGF G 20 U §
Yaiel & 3797 G 379 &

1. HIFGHATH
(a) TAuifa =i fF 2x5=10

M=(? ;i]gﬁiﬁw%mﬂﬁl

1 |x|<a

(b) -qﬁf(l): {O lx|>a
2@ fag #¢ & f(x) &1 FRI wO®
g (k) = \E “—’;—“5 gl

(c) @& favaifys wem gra wifen feas awdfas
UM u (v, y) = ¢* cos y ¥
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(d) O f(t) = ¢~ b T TATATE TR TR H |
() x 7 e h ®YH J, (v) F 3T G |

() THz ag9sl H, (x) & fau 9% wad

= "
g (0= 201t = Y H, (x) o A

n!
n=0

s FfFH (—v)=(-1)"H, ().

(8) Wf(z)=k’—g§_zz_—” Ft fafesan o T

Tt =i |
(h) wife 9 are gfqafadt iR geaiad afew S
TR S8 |

2. W QR 5x2=10
(a) ATE A :

1 2
la vl

F 3w 3R oEnH gfew 99 w1 fag

F{ T 3 ot gy difas €1 A~ 13 e
o 41 81 ?
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(by () I T IrAfaw e 9Eihag AR wifaw
HIA 19 ~1 8 TFA T
(i) TE C HA TE 71 fog wfE
1(C-C*) s/ 71
(c) el W I gRa Fagul g #wfE
1, =1} ToHATF T (1, i, ~1,—i} F TH
STEE B

3. (a) P STEMH 5x2=10

Frfafas wx 9aa &1 99 9w #1

J. 2 (10 L 271
0 (5-3sing)> 327

(c) z=7/4F T f(z)=cosz F TER FoI JHi¥
MH |
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4. HIE YT HL 5x2=10
(a) T WHE $(p) H a1 Ferd ford o1 T T
gt §(x) H T Hed F HERE TR T

e () T FeA FEERT & o fag wE
d(p) FEAT Ot IWEEAFT 71 (FIA
- fafi feafa ) o
(b) Trafafaa snfe-wm F9Em
fr+af ) +3f(@ =0,
fO=3f"(0)=1
TR ATATE IR AR HH F (s) = L [f(t)] T

Exdl
s2+25+3 ,
©  FG) = (giay(ser)? T IR TITH BAMR
gfterferd w0
5. I ST R ; 2x5=10

(a) TR eI

n
g t) = e2xt—12 = ZH" (x) %

n=0
F1 IYER F S TEIRI F o AfgIS g
A W,
Hn (l) = (_1)” L’x; dx" C"-"Z .
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£ it Y7
gt = 1—t L(x)t", It <1,

n=0

1 ITANT w TAfafEa afsrar day e
H

— \
JO e L, (xL,xd=25%,,,.

(c) ®Wife m T YUYW YHFR F 39T HET FI
fr=fafea =ise gra et foean smar ¢

1 X 2 k+m
]nz (x)= z(_l) k E,—]:a(;;:;\_:ﬂ (‘2”]
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