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PHE-14 : MATHEMATICAL METHODS IN
PHYSICS-III
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Note : Attempt all questions. The marks for each question are
indicated against it. Symbols have their usual meanings.

1.  Attempt any five parts : 5x2=10

(a)

(b)
(©

(d)
©)
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Show that the following matrix is
orthogonal.

cos® sinb
M= .
(—— sin @ cos 6]
Plot J; (x) as a function of x.

Locate and name the singularity of the
following function in the finite z plane :

sin 22

zZ

Calculate the Laplace transform of cos h at.

If All is an antisymmetric tensor and B; is a
vector, show that AifBiB]-=0 (summation
convention assumed).
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(f) Obtain the Fourier sine transform of the
following function :

1 O<x<’“’2
f(x)= 0

x>

(g) Determine the residue of the function

1 )
f(2)= — atz=ia
(2% + a?)
(h) Determine whether the following matrix is

unitary or not :

=)

2.  Attempt any two parts : - 2x5=10

(a) Consider the 2x2 matrix

01
=i o
Obtain the eigen values and the eigen
vectors of A. Show that the eigen vectors
are orthogonal. Diagonalize A.

(b) Prove that the eigen values of a hermitian
matrix are real and eigen vectors belonging
to distinct eigen values are orthogonal.

(c) State the requirements to be satisfied for a
set G={x,y,z ....} to be a group.

Show that the set of four complex numbers

1,i, =1, —i where i = -1, is a group
under multiplication.
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Attempt any two parts : 2x5=10
(a) Evaluate the integral

Z
J- e dz ,C:lz| =2

CZ2 +1

(b) Using the method of residues. Show that

4} ___df___ _ 27 where C: |z| =2
Cz3 (z+3) %

(c) - Using contour integration prove that

J-°° dx __m
oxr +1 2427

Attempt any two parts : 2x5=10

(a) LetF (s) be the Laplace transform of f () for
s > a. Show that F (s—c) is the Laplace
transform of f ()¢t for s > a+c.

(b) Determine the Fourier Transform of the
function

£ (x) sin x,0< x <
xX)=
0, otherwise
(c) Calculate the inverse Laplace transform of
the function.

s
(s—-l)2 -4

F (s)=
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5. Attempt any two parts : 2x5=10
(@) Using the generating function

x,t)= ! = S P, (x)t"
§ (=) V1-2ix + 2 n§0 RO
prove that the Legendre polynomials satisfy
the recurrence relation
(2n+1)xP, (x) = (n + 1P, 1(x)+nP, _(x).
(b) Hermite polynomials H,(x) are defined in

accordance with the generating function

p2xt = 12 _ i Hy (x)t"
n!
n=0
Prove that
J'w e—x? H,(x) H, (x) dx

=2"n! 11-% dnm.
(c)  Bessel functions of the first kind of integral
order n, J, (x) are obtained from the
generating function,

x Y - n
i (-2 S peos
show that,
cos (x sin @) = ]é (x)+2 i J2k (x) cos (2k6)
k=1

and

sin (x sin ) =2 i ok -1 (x)sin(2k—1)6_
k=1
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fumsd-u o odifaet § it faferai-m
gHg : 2 9O ' 3ifepan 31 : 50
e : et 7T B TOF T F 3% 39 G R &
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1. HEF g amE:
(a) fog & fir Frfafad g Aifes 81 5x2=10
_ cos® sin®
_(— sin® cos 6
(b) » % e ¥ T A, (x) B G T
() frfafiag wer @ fafaa & aitfia = g
7 T Fyuftor i 3R 3G T SR
sinz2
z
(d) coshatmmmmﬁl
() afR% Al T Firemfia TW ¥ M B; T W
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3, & fag =X 5 AilBB,=0 (I Wbt R
IR I E T
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( Frafafea wem oAt HRY E9ia 9 w1

1 O<x< T
f(x)=[0 2

x>’%
(g ==ia W FEA f(z)=——12—a'77
(22 +a2)
AT 9ra S|
(h) uRefaa X & Freafafaa snegg tfes oege
T T
A 0 —i
(i
2. FHFE MR : 2x5=10

(a) TfafEa 2x2 segg
01
<[ )
% M AF SR T Tiew I@ R s
= fF oA aficw wifas 1 =g AW
oo &L
(b) Fog = i s ¥ ome A arafas
B0 € ol P e AT % dia e wiew
TH T F 9T Tifeen A9 ¥
) 3 vfaay fad o o #iE gg=m
G={x,y,z,....}W'@ﬁT%l
o #X fr o) wfmg gemei 1,4, -1, —i @
Y= qOA % HaeH e F oA @ g
7l
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Hig o T B 5x2=10
() fr=fafen waTFd = afisfas wL :

y4
[ 222 cilel =2
cz +1 )

(b) srafrl =) faf 1 v w0 g s w6

$ _gﬂ__:?_‘i_aa’c: |z| =2.
cz (z+3) 27

) e T fafy 1 A w g B
[T
ox* +1 242

Hig & W A 2x5=10

(a) oA & BF s > a B FALS () F AE TOR
F(s)%ﬁlmﬁﬁﬁs>a+cﬁ?mf(t)e“$|
ST TR F (5 —c) Bl &

(b) FrefafEs wed F ERT FUiR aREfed
I

sin x,0<x<mw

@1y
©) freffed A F1 SHH A FA®
aftewferd -

F(s)= ——
©) (s—l)2 -4

PHE-14 7 P.T.O.



5 FHIEFIUMBL - 2x5=10
(a) T F T
1

g(x,t)= == Y By (x)t"
1—2tx + ¢ n=0

F1 749 w1 fag Y fw AST=g -gue
frafafen ey ey
(2n+1)xP, ()= (n+1)P, , () +nP, _(x)
w1 TP F@ F

(b) =T TR H,(x) Frafafen s ey g
TR B9 €

oo n
2t — 12 H, (x)t
e = ,

n=0 :

n

fag = fw .
[7 =2 Hy(x) Hyy(x) d
=2"n! ’n’yz dnm.

(€) ¥ WFR AR n, ] (x) Qi Hfe ar Foe

Waﬁﬁwﬁ%ﬁmmwa’mmm
Eﬂ?ﬂ%:

exp E (t - %J] =ﬁ gwln (%) t"
fag = fw :

cos (x sin@) = J, (x)+2 i J2k (x) cos (2k6)
k=1
3R
sin (x sin@) =2 i Jok -1 (x)sin 2k-1)6
k=1
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