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PHE-14 : MATHEMATICAL METHODS IN
PHYSICS-IlI
Time : 2 hours o Maximum Marks : 50

Note : All questions are compulsory. The marks for each
question are indicated against it. Symbols have
their usual meanings.

1. Attempt any five parts : 5x2=10

(a) Define symmetric and_ antisymmetric
tensors. A

-(b) If H is a Hermitian métrix and U is a
unitary matrix, show that UTHU is a
Hermitian matrix.

(¢) Locate the singularities of the function

£(z) = ln(z;31)

Z

(d) Show that the function f(z) = 22 is analytic
everywhere.
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(e) Show that the roots of the equation zt-1=0
form a cyclic group of order 4.

(f) Determine whether the Laplace transform of

flt) = exp (t%) exists or not.

(g) Plot the Bessel functions of the first kind of
order 0 and 1.

1
(h) Evaluate the integral I P, (x) P} (%) dx .
-1

2. Attempt any fwo parts :

(a) Verify the Cayley-Hamilton theorem for the
rotation matrix

cos 6 sin 6
M= . 5

—sin® cosH

(b) For the quadratic equation 2x2 + 4xy — y2 = 24,
write down the matrix of coefficients and
diagonalize it. Recast it in new variables and

identify the conic section it represents. 5

(¢0 () Show that the dot product of two 3-D
vectors is a scalar. 3

(i) Show that the set of all matrices of
order 2 x 2 is a group under addition of

matrices. 2
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3. Attempt any fwo parts : 2x5=10

(a) Write the Laurent series expansion of
zZ

° 3 about z = 1 and determine the type
(z-1
of singularity.
. e? dz .
(b) Evaluate the integral § 5 where C is
z°+1
C
the circle |z| = 2.
(¢) Show that:
2n '
deé _2n
3+2cos8 5
0
4, Attempt any fwo parts : 2x5=10

(a) A rectangular slit is described by the
function

{0 |x|>a
f(x)=

1 |x|<a

Show that the amplitude of diffraction
pattern is given by F(t), the Fourier
transform of f(x) as

F(t) = \/g smat'
01 t
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(b) Calculate the inverse Laplace transform of

F(s) =

() Using the Laplace transforms, solve the
initial value problem

y' -4y’ +3y=0; y(0)=3, y(0)=717.

Attempt any one part : Ix10=10

(a) Using the generating function
1

gt = —e
,/1— 2xt + t2

polynomials, show that
2 Py(x) - 5x Py(x) + 3 P4(x) = 0.

for the Legendre

(b) Using the expression

> K 1 X 2k+m
Im(®) = kz(;(" Ry (EJ

for Bessel function of the first kind of order

m, show that

Py @ +[I_ye 0 =2
"¢
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1. ®% @F 9 & Hif 5x2=10
(%) wwftE iR gfoemfia 2= < aitam i |

(@) 3R H = s =g @ ok U w e
AR B, ﬁﬁazﬁﬁqﬁamm@gﬁa
AR R |

(M A @) = 2P Rt =
Tt hif

() fag Ffm 5 oW f(z) = 22 | T veiftes
?
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2.

(3) fig Sifve & wiiww 22 - 1 = 0 % 73,
Hife 4 1 TH THT TYE T 2 |

(7) faifa T 5 ) = exp tH) F o™
T <1 Afeaed g A1 & |

(B) 0 3 1 HRA AR ToH THR H FHqA BerHl
Ao Gt |

I
() AR J.Pl(x)Pi(x)dx T YA HIT |
-1

HE g W FA HIC
(%) oM TR
{ cos® sin 0
e
—sin® cosO _
F o FA-2firees vig +i geafua Hifse |
(@) feama ot 2x2 + 4xy — y2 = 24 % IO H
arregg forfgu ot saer fasula Hifvtg | 3@ =g
w0 ¥ wga Fifsie it Ty o 77 fFa wiwa
i # Frefia s g |
m @ fag fifm e 3 Gfm alkwt = sfcw
TG Teh A BT # |

(i) fag AT & omegg 9 & el =il

2 x 29T T TRl H TY=T Toh TR
BT R |
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3. I3 g AW T HINC ; 2x5=10

(%) z_1%\ssrﬁr 1)2 w1 @Rt Foft yam Rl
wﬁﬁamwmmﬁml
(@) awwa §e,:dz N e g, Et
z“ +1
C,lz| =2® IR
() Frg Hifs f
27 '
de _ 2n
3+2cos0 _ﬁ
0
4. N F 9 @ hfw | 2x5=10
(F) T AR W e e wem g fefia @
{0 |x|>a
f(x)=
1 |x|<a
forg fifSe {6 faada gfoww =1 smm F@) 9,

I f(x) 1 FRA TR 8, I BT 2
F(t) = \/-5 sin at
n t
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3s + 10
s2_25
qferfda il |

(@) ®weH Fs) = HT YT AT TR

(1) T w9 Em W REfifaa onfe am
e
y” — 4y +3y=0; y(0)=3, y(0)=7

1 7 BT |

5. I g@ W g HIC : 1x10=10

(%) a9 W F Y T wed
1 ® W TR,

gix,t) = ———
,/1- 2xt + t2
fag hifse &

2 Pl(x) -5x Py(x) +3 P3(x) = 0.

(@) HIfE m I T THR & A B b SASh

oo

2k +m
_ _nk 1 X
Im(x) _Z( b k!l"(m+k+1)(2)

1 T Wb, g Al 6

Fye @] +[_ye @) = 2.
™=
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