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PHY8081T

M.Sc. FIRST SEMESTER (NEP) EXAMINATION, 2023-24

PHYSICS

Mathematical Methods in Physics

Time Allowed : Three Hours

Maximum Marks : 80

PART-A / Hkkx&v             [Marks :16]

Answer all eight questions (Maximum 50 words each).

All questions carry equal marks.

lHkh vkB iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj 50 'kCnksas ls vf/kd u gksA
 lHkh iz'uksa ds vad leku gSaA

PART-B / Hkkx&c             [Marks :40]

Answer five questions (Maximum 200 words each),

selecting one from each unit. All questions carry equal marks.

izR;sd bdkbZ ls ,d iz'u pqurs gq,] dqy ik¡p iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj
200 'kCnksas ls vf/kd u gksA lHkh iz'uksa ds vad leku gSaA

PART-C / Hkkx&l            [Marks :24]

Answer any two questions (Maximum 300 words each).

All questions carry equal marks.

fdUgha nks iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj 300 'kCnksas ls vf/kd u gksA
lHkh iz'uksa ds vad leku gSaA
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PART-A/ Hkkx&v

1. Answer all questions :

lHkh iz'uksa ds mRrj nhft, %

(i) How curl of a vector field is given in curvilinear coordinates?

dohZfyfu;j funsZ'kkad esa ,d lfn'k {ks= dk dyZ fdl izdkj fn;k tkrk gS\

(ii) Write gradient of a scalar in circular cylindrical coordinates.

,d vfn'k ds xzsfM;sUV dks o`Ùkkdkj csyuh funsZ'kkad esa fyf[k;sA

(iii) Define a tensor in 3-dimension.

 3&foek esa VsUlj dks ifjHkkf"kr dhft;sA

(iv) Define a matrix.

,d esfVªDl dks ifjHkkf"kr dhft;sA

(v) What is Homomorphism?

gkseksekWfQZTe D;k gS\

(vi) What do you mean by Reducible Groups?

fjM~;qflcy xzqi ls vkidk D;k vfHkizk; gS\

(vii) Write Cauchy-Riemann conditions.

dkWph&jheku izfrcU/k fyf[k;sA

(viii) Write conditions when a function  f (z) of a complex variable z = x + iy is

continuous at z
0
.

tfVy pj z = x + iy esa ,d Qyu  f (z) ds z
0
 ij lrr gksus ds fy;s vko';d

izfrcU/k fyf[k;sA
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PART-B / Hkkx&c

UNIT - I / bdkbZ&I

2. Starting from cartesian coordinates and find value of div V and s2  in terms

of spherical polar coordinates.

dkVsZf'k;u funsZ'kkad ls 'kq: djds div V  ,oa s2  dk eku xksyh; /kzqoh; funsZ'kkad esa Kkr dhft;sA

OR@vFkok

3. Show that the array 
xy y

T
x xy

  
  
 

2

2
 is a second rank tensor while the array

xy y
T

x xy

  
  

 

2

2  is not a tensor..

iznf'kZr dhft;s dh ,sjs xy y
T

x xy

  
  
 

2

2
 ,d f}rh; jSad dk VsUlj gS tcfd ,sjs

xy y
T

x xy

  
  

 

2

2  ,d VsUlj ugha gSA

UNIT - II / bdkbZ&II

4. Show that in a rotation group all rotations with the same rotation angle belong to the

same class.

iznf'kZr dhft;s fd ,d ?kw.kZu lewg esa lHkh ?kw.kZu] ftlesa ?kw.kZu dks.k leku gks] leku Dykl ls

lEcfU/kr gksrs gSaA

OR@vFkok

5. Prove that 
1

1

2
( ) ( )

2 1
P x P x dx

n







 m n mn

where ( )P xm  and ( )P xn  are Legendre Polynomials and mn  is Kronecker delta.
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fl) dhft;s fd 
1

1

2
( ) ( )

2 1
P x P x dx

n







 m n mn

tgk¡ ( )P xm  ,oa ( )P xn  yStkaMsª cgqin gS ,oa mn  Øksusdj MsYVk gSA

UNIT - III / bdkbZ&III

6. State and prove Cauchy's integral theorem.

dkWph ds lekdyu izes; dk dFku nhft, ,oa fl) dhft;sA

OR@vFkok

7. Find the Fourier integrals of the following functions :

    ( ) when 0kxf x e x 

and  ( ) ( ) when 0f x f x k  

fuEu Qyuksa ds Qqfj;s lekdyu Kkr dhft;s %

    ( ) 0kxf x e x tc

rFkk  ( ) ( ) 0f x f x k  tc

UNIT - IV / bdkbZ&IV

8. (a) Show that the transformation of tensors satisfy the closure property of groups.

n'kkZb;s fd VsUlj dk :ikUrj.k lewg dh Dykstj xq.k/keZ dks larq"V djrk gSA

(b) Show that in cartesian coordinate system the contravariant and covariant

components of a vector are identical.

n'kkbZ;s fd dkVsZf'k;u funsZ'kkad esa ,d lfn'k ds dkWUVªkosfj;UV ,oa dksosfj;UV ?kVd

,dleku gksrs gSaA

OR@vFkok

9. Diagonalize the matrix 
cos sin

sin cos
A

 
 

 
  
 

.
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fuEu esfVªDl dks Mk;xksukykbt dhft;s 
cos sin

sin cos
A

 
 

 
  
 

-

UNIT - V/ bdkbZ&V

10. (a) Describe three object-three fold symmetry axis.

rhu fcEc&rhu QksYM lefefr v{k dk o.kZu dhft;sA

(b) Discuss Special Unitary Group SU(z).

fo'ks"k ;wfuVjh lewg SU(z) dh O;k[;k dhft;sA

OR@vFkok

11. (a) Find the residue of 
( 1) ( 2)( 3)

z

z z z  

4

4
at z = 1.

( 1) ( 2)( 3)

z

z z z  

4

4
 dk z = 1 ij jsftM~;q Kkr dhft;sA

(b) Show that 
0 (1 ) sin

x a
dx

x a







 2

a

 ,   –1 < a < 1

n'kkZb;s 
0 (1 ) sin

x a
dx

x a







 2

a

 ,   –1 < a < 1

PART-C/ Hkkx&l

12. (a) Determine eigenvalues and eigenvectors of a matrix 

2 2 1

1 3 1

1 2 2

A

 
   
 
 

.

esfVªDl 
2 2 1

1 3 1

1 2 2

A

 
   
 
 

 ds vkbxueku ,oa vkbxulfn'k Kkr dhft;sA
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(b) Find the characteristic roots and characteristic vectors of the matrix

1 2 3

0 2 3

0 0 2

A

 
   
 
 

.

esfVªDl 
1 2 3

0 2 3

0 0 2

A

 
   
 
 

 ds yk{kf.kd ewy ,oa yk{kf.kd lfn'k Kkr dhft;sA

13. Find the power series solution of the differential equation ( 2) 0y xy x y    2

in powers of x.

vody lehdj.k ( 2) 0y xy x y    2  dk x dh ?kkr esa ikoj Ükà[kyk dk gy Kkr

dhft;sA

14. (a) Explain Lorentz series expansion.

ykWjsUt Js.kh foLrkj dks le>kb;sA

(b) Develop  f (x) in Fourier series in the interval (–2, 2),

if    ( ) 0f x    for –2 < x < 0

and  ( ) 1f x    for 0 < x < 2

(–2, 2)  vUrjky ij  f (x)  esa Qqfj;s Js.kh dks fodflr dhft;s]

;fn ( ) 0f x   tc –2 < x < 0

,oa ( ) 1f x    tc 0 < x < 2

15. Write short notes on any three of the following :

fuEu esa ls fdUgha rhu ij laf{kIr fVIif.k;k¡ fyf[k;s %

(a) Fourier Transform

Qqfj;s VªkalQkWeZ
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(b) Laplace transform of derivatives

MsfjosfVo ds ykIykl VªkalQkWeZ

(c) Bessel function of the first kind

izFke izdkj dk csly Qyu

(d) Poles, essential singularity and branch point

iksy] vko';d flUxqysfjVh ,oa czkap fcUnq

(e) Pauli and Dirac matrices

ikmyh ,oa fMjkd esfVªDl

----- × -----


