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MPH-04 

June - Examination 2026 

M.Sc. (Previous) Examination 

PHYSICS 

Classical Electrodynamics and Special Theory of Relativity  

fpjlEer fo|qrxfrdh ,oa lkisf{kdrk dk fpjlEer fo|qrxfrdh ,oa lkisf{kdrk dk fpjlEer fo|qrxfrdh ,oa lkisf{kdrk dk fpjlEer fo|qrxfrdh ,oa lkisf{kdrk dk fof’k"Vfof’k"Vfof’k"Vfof’k"V    fl)kUrfl)kUrfl)kUrfl)kUr    
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 each section. In case of any discrepancy, the English version will be final for 

   all purposes. 

funsZ’k funsZ’k funsZ’k funsZ’k %&%&%&%&    ;g iz’u&i= ^v*] ^c* vkSj ^l* rhu [k.Mksa esa foHkkftr gSA izR;sd [k.M ds funsZ’kkuqlkj iz’uksa ds 
     mŸkj nhft,A fdlh Hkh folaxfr dh fLFkfr esa vaxzsth :i gh vafre ekuk tk;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^     
 ¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %&    lHkhlHkhlHkhlHkh iz’uksa ds mŸkj nhft,A vki vius mŸkj dks iz’ukuqlkj ,d 'kCn] ,d okD; ;k vf/kdre                
   30303030  'kCnksa esa ifjlhfer dhft,A izR;sd iz’u 2222 vad dk gSA 

1. (i) At certain instant of time, electric field and magnetic field are                                 

E��⃗  = i� + j� + 2k� and B��⃗  = 4k� respectively at a given position, what is the power 

transmitted per unit area at that instant of time at that position? Here all units 

are in S.I. 

 

  fdlh {k.k ij] fdlh txg ij fo|qr ,oa pqEcdh; {ks= Øe’k% E��⃗  = i� + j� + 2k� rFkk 
B��⃗  = 4k� gSaA ml fLFkfr ij fn, x, {k.k ij izfr bdkbZ {ks=Qy ls lapfjr 'kfä 
D;k gksxh\ ;gk¡ lHkh bdkb;k¡ S.I. esa gSaA 

 

 (ii) If electric field E��⃗  = α�x3i� + 2y
4
j� + 5zk��, then using Gauss Law find the value 

of charge density at point (1, 1, 1).  

 

  ;fn fo|qr {ks= E��⃗  = α�x3i� + 2y
4
j� + 5zk�� gS] rks xkWl ds fu;e ls fcanq (1, 1, 1) 

ij vkos’k ?kuRo Kkr djksA  

 

 (iii) Consider the imaginary situation in which electromagnetic wave in medium is 

given by E��⃗  = E0 cos�6y + 8z − 1.5 × 10
6
t�i�. What is the speed of wave 

inside the medium? Here all units are in S.I. 

 

  ,d dkYifud fLFkfr dks yhft,] ftlesa ek/;e esa fo|qrpqEcdh; rjax fuEu gS &  

  E��⃗  = E0 cos�6y + 8z − 1.5 × 10
6
t�i�] rjax dh ek/;e esa pky D;k gksxh\ ;g lHkh 

bdkb;k¡ S.I. esa gSaA 
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 (iv) Magnetic vector potential is given by A��⃗  = B0y2i� − B0x2j�. Here B0 is constant. 

By writing all steps, check whether magnetic field is uniform or not. 

 

  pqEcdh; lfn’k foHko A��⃗  = B0y2i� − B0x2j� }kjk fn;k x;k gSA ;gk¡ B0 vpj gSA 
;gk¡ lHkh inksa dks fy[krs gq,] ;g tk¡fp, fd pqEcdh; {ks= ,dleku gS vFkok ughaA 

 

 (v) In magnetostatics, magnetic field is given by B��⃗  = 6αyj� + 8βzk�. By using the 

Ampere’s Law in differential form, find the current density J⃗. 
 

  fLFkjpqEcfddh esa] pqEcdh; {ks= B��⃗  = 6αyj� + 8βzk� }kjk fn;k tkrk gS] rks ,fEi;j 
ds fu;e ds vody :i dk mi;ksx djrs gq,] /kkjk ?kuRo J⃗ Kkr djksA   

 

 (vi) A uniform line charge λ (per unit length) is placed on an infinite length straight 

wire which is placed on z-axis. Write the value of electric field and magnetic 

field at point (2, 2, 9).  

 

  ,dleku js[kh; λ vkos’k ¼izfr bdkbZ yEckbZ½ ,d vuUr yEckbZ ds lh/ks rkj ij gS] 

tks fd z&v{k ij gSA fcanq (2, 2, 9) ij fo|qr {ks= o pqEcdh; {ks= dk eku Kkr 
dhft,A  

 

 (vii) If magnetic vector potential A��⃗  = 4a
x + 3y�i� + 4yj�  −  8
x + y + z�k� + 7 

satisfies the Coulomb gauge, then find the value of constant a. 

 

  ;fn pqEcdh; lfn’k foHko A��⃗  = 4a
x + 3y�i� + 4yj�  −  8
x + y + z�k� + 7  
dwykEc xst dks larq"V djrk gS] rks vpj a dk eku Kkr dfj,A 

 

 (viii) “Orientation electric polarization depend on the temperature.” Is this statement 

true? 

 

  **foU;kl fo|qr /kqzo.k] rki ij fuHkZj djrk gSA** D;k ;g dFku lR; gS\  

 Section-B 4××××8====32 

 (Short Answer Type Questions)  

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

   200 words. Each question carries 8 marks. 

 [k.M&^[k.M&^[k.M&^[k.M&^cccc^̂̂̂  

 ¼y?kq mŸkjh; iz’u½¼y?kq mŸkjh; iz’u½¼y?kq mŸkjh; iz’u½¼y?kq mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha pkjfdUgha pkjfdUgha pkjfdUgha pkj iz’uksa ds mŸkj nhft,A vki vius izR;sd mŸkj dks vf/kdre 200200200200 'kCnksa esa ifjlhfer 
   dhft,A izR;sd iz’u 8888 vad dk gSA 

2. What do you mean by Gauge transformation? Explain it.   

 xst :ikarj.k ls vkidk D;k rkRi;Z gS\ bls le>kb,A  

3. Find the magnetic vector potential of an infinite solenoid with n turns per unit length, 

radius R and current I. 

 

 R f=T;k rFkk /kkjk I rFkk izfr bdkbZ yEckbZ esa n ?ksjksa dh vuar ifjukfydk ds pqEcdh; 
lfn’k foHko Kkr dfj,A  

 

4. Deduce the Clausius-Mossotti relation.  

 DykWfl;l&ekslksVh laca/k dks O;qRiUu djksA   
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5. Obtain the Gauss law in differential form from integral form in electrostatics. Also, 

write the main features of this law.  

 

 fLFkj fo|qfrdh esa xkml ds fu;e ds vody :i dks lekdy :i ls izkIr djksA bl 
fu;e ds eq[; fcanqvksa dks Hkh fyf[k,A  

 

6. If (x, y, z, t) be the coordinates of an event in S-frame and (x', y', z', t') be the 

coordinates of the same event in S'-frame, which moves relative to S-frame with a 

uniform velocity ν along x-direction. Show that ds2 = dx2 + dy2 + dz2 − c2dt2 is 

invariant under Lorentz Transformation. 

  

 ;fn S funsZ’k ra= esa ,d ?kVuk ds funsZ’kkad (x, y, z, t) gSa rFkk S' funsZ’k ra= esa mlh 

leku ?kVuk ds funsZ’kkad (x', y', z', t') gSa] ;gk¡ S' funsZ’k ra= x&v{k ds vuqfn’k ,dleku 

osx ν ls S funsZ’k ra= ds lkis{k xfreku gSA ;g n’kkZvks fd ykWjsat :ikarj.k esa                                           

ds2 = dx2 + dy2 + dz2 − c2dt2 fu’pj jgrk gSA  

 

7. Show that the self-product of electromagnetic field tensor is given by -        

Fμυ
2 = 2 �B2 − E2

c2
� 

  

 Where B, E and c are magnetic field, electric field and velocity of light.   

 ;g n’kkZb, fd fo|qrpqEcdh; {ks= izfn’k dk Lo&xq.ku fuEu gS &  

 
Fμυ

2 = 2 �B2 − E2

c2
�   

 tgk¡ B, E rFkk c Øe’k% pqEcdh; {ks=] fo|qr {ks= rFkk izdk’k dk osx gSaA  

8. Explain the Hysteresis Loop (Typical magnetization B-H curve).    

 'kSfFkY; ywi ¼B-H pqEcdu oØ½ dks le>kb,A  

9. What do you mean by bound current densities in Magnetostatics?   

 fLFkjpqEcfddh esaa c) /kkjk ?kuRo ls vkidk D;k rkRi;Z gS\  

 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^̂̂̂  

 ¼nh?kZ mŸkjh; iz’u½¼nh?kZ mŸkjh; iz’u½¼nh?kZ mŸkjh; iz’u½¼nh?kZ mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha nksfdUgha nksfdUgha nksfdUgha nks iz’uksa ds mŸkj nhft,A vki vius izR;sd mŸkj dks vf/kdre 555500000000 'kCnksa esa ifjlhfer 
   dhft,A izR;sd iz’u 11116666 vad dk gSA 

10. (A) What do you understand by Poynting Vector, Poynting’s Theorem?  8 

  ikWbafVax lfn’k o ikWbafVax izes; ls vki D;k le>rs gks\  

 (B) Volume charge density inside the sphere having radius R is ρ = αr2 + 2β, 

 where α, β is constant and r is the distance from the centre of the sphere. 

 Determine the electric field inside the sphere. 

 

 

8 

   R f=T;k ds ,d xksys esa vk;ru vkos’k ?kuRo ρ = αr2 + 2β }kjk fn;k tkrk gS] 

 tgk¡ α, β vpj gSa rFkk r xksys ds dsanz ls nwjh gSA xksys ds Hkhrj fo|qr {ks= Kkr djksA 
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11. (A) In a source free region vector potential is A��⃗  = ayi� + by
2
t2j� + cztk�. Find the 

 field vector E��⃗  and B��⃗ . Here a, b, c are constants. 

 

8  

  mee eqä {ks= esa lfn’k foHko A��⃗  = ayi� + by
2
t2j� + cztk� gS] rks {ks= lfn’k E��⃗  rFkk 

 B��⃗  Kkr djksA ;gk¡ a, b, c vpj gaSA 

 

 (B) Transform the Maxwell’s equations in covariant tensor form. 8 

  eSDlosy lehdj.kksa dks lgpj VsUlj :i esa :ikarfjr djksA  

12. (A) What do you understand by the rectangular waveguide? Write the uses of 

 waveguides.  

 

8 

  ,d vk;rkdkj rjax iFkd ls vki D;k le>rs gks\ rjax iFkd ds mi;ksx Hkh 
 fyf[k,A 

 

 (B) Obtain the Larmor’s Formula for total power radiated by an accelerated charge.  8 

  ,d Rofjr vkos’k ds }kjk mRlftZr dqy ’kfä ds fy, ykeZj lw= izkIr djksA   

13. (A) What do you mean by skin depth of conductor?  8 

  pkyd ds fy, fLdu xgjkbZ ls vki D;k le>rs gks\  

 (B) What do you mean by ∇��⃗ .B��⃗  = 0. Deduce the boundary condition on normal 

 component of magnetic field B��⃗ . 

 

8 

  ∇��⃗ .B��⃗  = 0 ls vkidk D;k rkRi;Z gS\ pqEcdh; {ks= B��⃗  ds vfHkyEc ?kVd ij ifjlhek 
 izfrca/k dks O;qRiUu djksA  

 

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


