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BACHELOR OF SCIENCE
(B. Sc.)
Term-End Examination
December, 2025

PHE-14 : MATHEMATICAL METHODS IN
PHYSICS—III

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions.

(it) The marks for each question are

indicated against it.

(iti) Symbols have their usual meanings.

1. Attempt any five parts :

(a) Show that the matrix A : 2
1
A |
-t -1
& &
1s unitary.
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[2] PHE-14

(b) What are free index and dummy index
in a tensor ? Identify and write free

indices and dummy indices in the

following equation : 2
A — Z%% AR
1l 0%y 0%

(c) Locate and name the singularity of the

following function in the finite z-plane :

2

2% -2z

2242242
(d) Calculate the residue of the function : 2

z+3

22 -3z

(e) Obtain the Fourier transform of the

function : 2
x, O<x«<l1
X) =
/) {0, otherwise
(f) Obtain the Laplace transform of
e cost. 2
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Write the Legendre polynomials Py(x)
and P;(x) and show that they are

orthogonal. 2

(h) Plot Laguerre polynomials L, (x) for

n=0andn=1. 2

2. Attempt any two parts :

(a)

(b)

Obtain the eigen values and eigen

vectors of the following matrix : 5

[

Show that 1its eigen vectors are

orthogonal.

(i) Show that the eigen vectors
belonging to distinct eigen values of
a Hermitian matrix are orthogonal

to each other. 3

(i1) Show that {1, —1} i1s a subgroup of
the multiplicative group {1, i, —1, —}.

2
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(c) 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

3. Attempt any two parts :

4.

(a)

(b)

(©

(a)

Using the method of residues, prove
that : 5

[ ——
0 1+sin20 2
Obtain the Laurent’s series expansion

eZ

(z-1)%

singular points and calculate the

of

in the neighbourhood of the

residue. 5
: dz

Evaluate the integral §> —, Where
Cl+z

C 1s the circle |2| =3. 5

Attempt any two parts :

Obtain the Fourier cosine transform of

the function : 5

fx)y=eP*, O0<x<o, p>0
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(b) Using the Laplace transforms, solve the

initial value problem : 5
y'=4y' +3y=0;y(0)=3,y'(0) =7
(c) Calculate the inverse Laplace transform

of the function : 5

s
(s-1)% -4

5. Attempt any one part :

(a) The expression for Bessel’s function of

the first kind of order m is given by : 10

B ) 1 2k+m
J (%) = };)(_1) EIT(m+Ek+1) (5)

Show that :

J1/2(x):‘/zx_1/2sinx
T
_ |2 e
and J_q1/9(x)=,]—x " cosx.
T
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(b) Using the generating function for

Hermite polynomials : 10

omt—12 t"
gt = = 3 H, ()
n=0 n:

obtain the recurrence relation :

H, . (x)=2xH, (x)-H, (x)
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PHE-14

formm raes (st T -Ht)
R EIGRCRIE |}
fearaw, 2025
W3- 14 : Wifaent | nfurdier fafermi—111

gug ;2 §u2 SIfeHaH 37%F : 50

JiT: (i) TY geT FICI
(ii) 9% 99 & 3% 39F G T T &/
(iii) Tl & 3797 T 37¢f &1

1. IS Ure W IS
(%) fog =ifSy fe fe=fafea s A e
ME T : 2
1
N
-t -1
& &

B-1782/PHE-14 P.T.O.



[8] PHE-14

(@) TR # g gahi* (free index) IR T

& (dummy index) M BT T ?
TR 2
PR L PN
1l OXp, 0x;
H o geehich IR ok geehich TeaIT iR
fafem |

(M) fefafed wem &t fafesast =1 oifma

z-gHaa ¥ T fuito sifse 3R 39eT 9m

E1EL

2
22 -2z
22 +22+2

(9) e §+§ o1 SIS TR ord HITTT | 2
2 —oz

o o o

(T) MHEIE

q et T B A YT Hif

ST
2
x, O<x<l1
fx)=
0, =gl
(F) ®eH e cost T ATIH TR T HIFST| 2

B-1782/PHE-14



[9] PHE-14

(B) Py(x) 3R P (x) ISI0g sigTa] o faferm @ik
fag wifse fo 3 wifas €1 2

(M) n=03%Rn=17% fau @ sgGRI L, (x)

1 3TeTE Tiau | 2
2. hig @& 9N HifST ;

(%) fFfafea a8 & i a9 iR e’
[T I Hife, 5

P{z 1}

1 2

fag wifse fo sae seim afew ifas 1

(@) () fag =wifvu & & smege & fu=
ST A & T ST i ThH-gor
& Hfd oAifere Bd & | 3

(i) THg wIfST Tk {1, —1} TOATCHS T8
{1, i, -1, —i} 1 TH STIIE T | 2
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(1) feema @i 2x2 +4xy—y% =24 & fau
Uil T T fafem iR g famwmia
Hifere | 39 T =0 § YA BT AR FaET

o5 o forg vTiera Ufi=e o1 faefud S g ?

5

EIER-URILICH IS L
(F) ATIT-Taf 1 ST X TG Hifed Tk ¢ 5

J-oo do _
0 1+sin%0 <2

z

(@) fafes fagall & wfmaw § wem — =

(z-1)
A Ut YER U ifslw 3IR sTEfyTse
qRehfeTd Shifald | 5
dZ o o o
(A1) HHIRAA {) 5 1 A TRAIAT IS,
Cl1+z

Sl C 91 2| =3 %I 5
hIg &l I HifST
(h) et

flx)=e?*, 0<x<ow, p>0

1 B hHIEEA R U HiT | 5
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(@) AT Y@ H1 ST R e 9H
HHET 5
Y'=4y'+3y=0; y (0)=3,y'(0)=7
%! B SIS |

oo~

(M) tAfafed wed f1 FohA A B

o fa AW

Qiehlcld anllisly ¢ 5

s
(s—1)% -4

5. g Ueh 9N HITWT :

(F) Ffc m T JIH THR & 9GA Hod h

=5 T grr fen S ® ; 10

B ) 1 X 2k+m
J (%) = };)(_1) EIT(m+Ek+1) (5)

fag s f -

Jqa(x) = \/gx_l/2 sinx
T

3R J_1/9(x) = \Ex_lm cosx
T
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(@) B Iguei & ek He : 10

owmt—t2  ~ t"
glx,t)=e = E Hn(x)—'
= n!

o o o

1 3TN W FeAfafed TRE ge9g qrw

H,,,(x) = 2xH, (x)— H (x)

X X X XX
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