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MPH-04 

December - Examination 2025 

M.Sc. (Previous) Examination 
PHYSICS 

Classical Electrodynamics & Special Theory of Relativity 

f pjl Ee r fo|qr xfrd h , o a lki sf{ kd rk d kf pjl Ee r fo|qr xfrd h , o a lki sf{ kd rk d kf pjl Ee r fo|qr xfrd h , o a lki sf{ kd rk d kf pjl Ee r fo|qr xfrd h , o a lki sf{ kd rk d k     fof’ k "Vfof’ k "Vfof’ k "Vfof’ k "V     f l) karf l) karf l) karf l) kar     
Paper : MPH-04 

 [Time: 3 Hours]                   [Maximum Marks: 80]     
                                                                                           

 

Note :- The question paper is divided into three Sections A, B and C. Write answers as per the given 

   instructions. In case of any discrepancy, the English version will be final for all purposes. 

fu n sZ ’k fu n sZ ’k fu n sZ ’k fu n sZ ’k % &% &% &% &     ;g iz ’u& i= ^v* ] ^c*  vkSj  ^l*  r hu  [ k.M ksa esa foHkkft r  gSA fn , x, fu nsZ ’kksa d s vu ql kj  mŸ kj  n hft ,A 

   fd l h Hkh fol axfr  d h fLFkfr  esa vaxz st h : i gh vafr e eku k t k;sxkA     

 

 Section-A 8××××2====16 

 (Very Short Answer Type Questions)  

Note :- Answer all questions. As per the nature of the question delimit your answer in one word, one 

   sentence or maximum up to 30 words. Each question carries 2 marks. 

 [ k.M & ^v ^[ k.M & ^v ^[ k.M & ^v ^[ k.M & ^v ^      

 ¼v fr¼v fr¼v fr¼v fr     y?kqy?kqy?kqy?kq     mŸ kj h; iz ’umŸ kj h; iz ’umŸ kj h; iz ’umŸ kj h; iz ’u ½½½½      

fu n sZ ’kfu n sZ ’kfu n sZ ’kfu n sZ ’k  %& lHkhlHkhlHkhlHkh  iz ’u ksa d s mŸ kj  n hft,A vki viu s mŸ kj  d ks iz’u ku ql kj  ,d  'kCn ] ,d  okD; ;k vf/kd r e  
   3 03 03 03 0   'kCn ksa esa ifj l hfer  d hft ,A iz R;sd  iz ’u  2222  vad  d k gSA 

1. (i) Electric potential is given (in spherical coordinates) by V = 5
r cos θ +3. Find 

the expression for electric field. 

 

  xksyh; fu n sZ ’kkad ksa esa fo| q r  foHko V = 5
r cos θ +3 gSA fo| qr  { ks= d k O;at d  K kr  d j ksA  

 (ii) If electric field E

⃗  = 3�3yi� + 3xj��, then by using ∇

⃗  × E

⃗  state whether this 

electric field is conservative or non-conservative. 

 

  ;fn  fo| qr  { ks= E

⃗  = 3�3yi� + 3xj�� gS] r ks ∇

⃗  × E

⃗  d k mi;ksx d jr s gq , ;g cr kvks fd  

;g fo| q r  { ks= l aj { kh gS vFkok vl aj { kh gSA 

 

 (iii) Magnetic vector potential is given as A

⃗  = 3zi� + 4k�, what is the magnetic field 

corresponding to this vector potential? 

 

  pq Ecd h; lfn ’k foHko A

⃗  = 3zi� + 4k�  } kj k fn ;k t kr k gS] r ks bl lfn ’k foHko ds 

l axr  pq Ecd h; { ks= D;k gks xk\  

 

 (iv) Write the Maxwell equation which is related to displacement current.  

  foLFkkiu  /kkj k l s lEcaf/kr  eS Dl osy lehd j .k fy[ kksA  
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 (v) Magnetostatic magnetic field  B

⃗  = 3�ax + cy i� + byj� + 2czk� + ab + ac. Here 

a, b and c are constants. Find the relation among a, b and c. 

 

  pq Ecd LFkSfrd h pq Ecd h; { ks= B

⃗  = 3�ax + cy i� + byj� + 2czk� + ab + ac gSA ;gk¡  a, b 

r Fkk c vpj  gSaA ;gk¡  a, b r Fkk c d s e/; lEcU/k K kr  dj ksA 
 

 (vi) A point charge q is placed in front of an infinite plane (conducting) which has 

zero potential. Here distance between the charge and the plane is 2.5x. What is 

the force on the charge q? 

 

  ;fn  ,d fcan q  vkos’k q d ks ,d  vuUr  r y ¼pkyd ½ d s l keus j [ kk t kr k gS ,oa ml 
r y d k foHko 'kwU; gSA ;gk¡ vkos’k r Fkk r y d s e/; n wj h 2.5x gSA vkos’k q ij  cy 
fd ru k yxsxk\ 

 

 (vii) What do you mean by D’Alembert Operator?  

  M h* ,ysEcV Z  lad kjd  ls vki d k D;k r kRi;Z  gS\  

 (viii) If ∇

⃗  . J⃗ is zero, then what result can be inferred about the charge density ρ? Here 

J⃗ is current density. 

 

  ;fn  ∇

⃗  . J⃗ 'kwU; gS] r ks bl l s v kos’k ?ku Ro ρ d s ckj s e sa D ;k fu "d " kZ  iz kIr  fd ;k tk 

ldr k gS\  ;gk¡ /kkj k ?ku Ro J⃗ gSA 

 

 Section-B 4××××8====32 

 (Short Answer Type Questions)  

Note :- Answer any four questions. Each answer should not exceed 200 words. Each question 

   carries  8 marks. 

 [ k.M & ^[ k.M & ^[ k.M & ^[ k.M & ^ cccc ^̂̂̂  

 ¼¼¼¼ y? kqy? kqy? kqy? kq     mŸ kj h; iz ’umŸ kj h; iz ’umŸ kj h; iz ’umŸ kj h; iz ’u ½½½½      

fu n sZ ’kfu n sZ ’kfu n sZ ’kfu n sZ ’k  %& fd Ugha p kjfd Ugha p kjfd Ugha p kjfd Ugha p kj  iz ’u ksa d s mŸ kj  n hft ,A vki viu s mŸ kj  d ks vf/kd r e 2 0 02 0 02 0 02 0 0  'kCn ksa esa  ifj l hfer  d hft ,A 
   iz R;sd  iz ’u  8888  vad  d k gSA 

2. What do you understand by electromagnetic four-potential?  

 fo| q r& pq Ecd h; prq foZ Hko l s vkid k D;k r kRi;Z  gS\  

3. Obtain the Gauss Law in differential form from integral form in electrostatics. Also, 

write the main features of this law. 

 

 fLFkj & oS| q frd h esa xkml  d s fu ;e d s vod y : i d ks lekd y : i l s iz kIr  d j ksA bl 
fu ;e ds eq [; fcUn q vksa d ks Hkh fyf[ k,A  

 

 

4. Consider an infinite parallel plate capacitor with the lower plate at z =� d
2 carrying 

the surface charge density − σ and the upper plate at z =� d
2 carrying the surface 

charge density + σ. Find the Maxwell stress tensor in the region between the plates 

and display in matrix form. 

 

 ,d  vu Ur  lekUrj  iê la/kkfj = yhft , ft lesa u hps okyh IysV  z =� d
2  gS r Fkk l r g vkos’k  

?ku Ro − σ gS r Fkk Å ij h IysV  z =� d
2 d k l r g vkos’k ?ku Ro + σ gSA n ksu ksa  IysV ksa  d s e/; 

d s { ks= esa eSDl osy iz fr cy V sUl j  K kr  d hft , r Fkk eS fV ªDl : i esa n ’kkZ b,A 

 

5. Write the Maxwell’s equations in differential and integral form.  

 eSDl osy lehd j .kksa d ks vo d y r Fkk lekd y : i esa f yf[ k,A  
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6. Determine the effective cross-section for scattering of an elliptically polarized wave 

by a free charge. 

 

 ,d  eq Dr  vkos’k } kj k n h?kZo` Ù kh; /kz q for  rj ax d s fo{ ksi.k d s fy,  iz Hkkoh& d kV  { ks= fu /kkZ fj r 

d fj ,A 

 

7. A metallic sphere of radius ‘a’ carries a charge Q. The sphere is surrounded by a 

linear dielectric material of permittivity ‘ε’ with outer radius ‘b’. Find the potential 

at the centre of the sphere. 

 

 f=T ;k ‘a’ d k ,d  /kkfRod xksyk vkos ’k Q j [ kr k gSA ;g xksyk ,d  ,sl s j s[ kh; ij koS|q r 

in kFkZ  ftld h fo| qr ’khyrk ‘ε’ gS l s pkj ksa vksj  l s f?kj k gq vk gS o bl ij koS| q r in kFkZ  

ek/;e d h cká  f=T ;k ‘b’ gSA xksys  d s d asæ  ij  foHko K kr  dj ksA  

 

8. What do you understand by TE Mode Parameters for the rectangular waveguide?  

 ,d  vk;r kd kj  r jax iFkd  d s fy, TE fo/kk iz kpy  l s vki D;k le> r s gks\   

9. Find the electric and magnetic field corresponding to following electromagnetic 

potentials φ = 3αx + 2βy + 5λz and A

⃗  = �ai� + bj� + ck�� sin�kx � ωt  here α, β, λ, a, 

b, c, k, ω are constants. 

 

 fu Eu  fo|q r& pq Ecd h; foHkoksa d s l axr  fo| qr ,oa pq Ecd h; { ks= K kr  d j ks                                    
φ = 3αx + 2βy + 5λz  r Fkk A

⃗  = �ai� + bj� + ck�� sin�kx � ωt  gS ;gk¡ α, β, λ, a, b, c, k, ω 

vpj  gaSA 

 

 Section-C 2××××16====32 

 (Long Answer Type Questions)  

Note :- Answer any two questions. You have to delimit your each answer maximum up to                   

   500 words. Each question carries  16 marks. 

 [ k.M & ^[ k.M & ^[ k.M & ^[ k.M & ^ llll ^̂̂̂  

 ¼n h?kZ  mŸ kj h; iz ’u¼n h?kZ  mŸ kj h; iz ’u¼n h?kZ  mŸ kj h; iz ’u¼n h?kZ  mŸ kj h; iz ’u ½½½½      

fu n sZ ’kfu n sZ ’kfu n sZ ’kfu n sZ ’k  %& fd Ugha fd Ugha fd Ugha fd Ugha n k sn k sn k sn k s iz ’u ksa d s mŸ kj  nhft ,A vki viu s mŸ kj  d ks vf/kd r e 5555 0 00 00 00 0  'kCn ksa esa ifj l hfer  d hft ,A 

   iz R;sd  iz ’u  1111 6666  vad  d k gSA 

10. (A) A uniform line charge λ is placed on an infinite straight wire, which is at 

a distance ‘d’ above a grounded conducting plane. Find the potential in 

the region above the plane. 

 

 

8 

 (B) What do you mean by ∇

⃗ .B

⃗  = 0. Obtain the boundary condition on normal 

component of magnetic field B

⃗ . 

 

8 

 (A) ,d leku  js[ kh; vkos’k λ vu Ur  l h/ks r kj  ij  gSA ;g r kj  ,d  Hkw& lEifdZ r  pkyd 

r y d s Å ij  d n wj h ij  gS] r ks ml r y d s Å ij  ds { ks = esa foH ko K kr  d fj ,A 

 

 (B) ∇

⃗ .B

⃗  = 0 l s vkid k D;k r kRi;Z  gS\  pq Ecd h; { ks= B

⃗  d s vfHkyEc  ?kV d  ij  ifjl hek 

iz fr cU/k d ks O;q RiUu  dj ksA 
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11. (A) What do you mean by Coulomb Gauge? Explain it. 8 

 (B) Consider an imaginary situation for which dispersion relation for an 

electromagnetic wave is given by ω = 2αk + 4βk4. Here α, β are 

constants, then determine the ratio of phase velocity of wave to group 

velocity. 

 

 

 

8 

 (A) d wykEc xst  l s vki D;k le> rs gks\  bl s le> kb,A  

 (B) ,d  d kYifu d  fLFkfr  d k fopkj  d hft , ft leas fo| q r& pq Ecd h; rj ax d s fy, fo{ ksi.k  

lEcU/k ω = 2αk + 4βk4 } kj k fn;k t kr k gSA ;gk¡ α] β vpj  gaS ] r ks r jax d s dyk 
osx d k lewg osx d s l kFk vu q ikr  K kr  d j ksA 

 

12. (A) Magnetization (magnetic moment per unit volume) in a medium is 

M


⃗  = –3yi� + xj� + 2xk�. Determine the bound current density and also 

determine bound surface current density at the surface. Here vector 

normal to the plane of surface is n, = i� + j� + 2k�. 

 

 

 

 

8 

 (B) Electric potential is given (in spherical coordinates) by V = 2a
r sin � cos θ 

where ‘a’ is constant. Find the expression for electric field. Also calculate 

the electric field at point -1, π
4 , π

21 here grad ≡ -r, ∂
∂r  + θ� 1

r
∂

∂θ + �� 1
r sin θ

∂
∂�1. 

 

 

 

8 

 (A) ,d  ek/;e d k iz fr  bd kbZ  vk;ru  pq Ecd h; vk?kw.kZ  fu Eu gS                       
M


⃗  = –3yi� + xj� + 2xk�] c) /kkj k ?ku Ro d k fu /kkZj .k dj ks ,oa c) l r g /kkjk ?ku Ro 
d ks Hkh l r g ij  K kr  d j ksA ;gk¡ l r g d s r y d s y Ecor  lfn ’k n, = i� +  j� + 2k� 
gSA  

 

 (B) xksyh; fu n sZ ’kkad ksa e sa fo| q r  foHko V = 2a
r sin � cos θ gSA t gk¡ ‘a’ vpj  gSA fo| q r  

{ ks= d k O;at d  K kr  dj ks r Fkk fcan q  -1, π
4 , π

21 ij  Hkh fo| q r { ks= K kr  d j ksA ;gk¡  

grad ≡ -r, ∂
∂r + θ5 1

r
∂

∂θ + �� 1
r sin θ

∂
∂�1 gSA   

 

13. (A) What do you mean by waveguide? Write the differences between 

dielectric and metallic waveguides. 

 

8 

 (B) Three point charges + q, + 2q and − q are each placed at a distance b from 

the origin at (b, 0, 0), (0, b, 0) and (0, 0, b) respectively. Find the 

monopole moment, dipole moment of the system of these three charges 

and also find the electric potential at the origin.  

 

 

 

8 

 (A) oso xkbM  l s vkid k D;k r kRi;Z  gS\  ij koS| qr  ,oa /kkfRod  oso xkbM  d s e/; var j ksa 
d ks fyf[ k,A  

 

 (B) r hu  fcan q  vkos’k + q, + 2q r Fkk − q ewy fcan q  l s iz R;sd  n wj h b ij (b, 0, 0),                      

(0, b, 0) r Fkk (0, 0, b) ij  Ø e’k%  j[ ks t krs gSaA bu  r hu  vkos’kks a d s fu d k; dk 
,d y /kzq o vk?kw.kZ ] f} /kzq o vk?kw.kZ  K kr  d jsa r Fkk ewy fcan q ij  fo|q r  foHko Hkh K kr  d jsaA  

 

----------------------------- 

 


