
SEM 6(H) SAMPLE QUESTIONS 

(Physics) 

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

Number 4 

1. Write “Maxwell’s Equation” and explain physical significances. 

These are written as. (USE VECTOR ARROW) 

 

 

 

Gauss' Law for Electric Fields: It states that the divergence of the Electric Flux 

Density D is equal to the volume electric charge density. This explains how 

electric fields behaves w.r.t electric charge. This is true at any point in space. In 

integral form it states that the amount of charge Q inside a volume V is equal to 

the total amount of Electric Flux (D) leaving the surface S. 

 

 

 

 

It states that the divergence of the Magnetic Flux Density B is zero. Magnetic 

monopole does not exist.∫𝐵. 𝑑𝑆 = 0 

 

 

 

This is Faraday’s law and Lenz’s law of electromagnetic interaction that the rate 

of variation of the total magnetic flux opposite of the emf. The emf around a 

closed path is equal to the time derivative of the magnetic displacement though 

any surface bounded by the path. 

http://www.maxwells-equations.com/density/electric-flux.php
http://www.maxwells-equations.com/density/electric-flux.php
http://www.maxwells-equations.com/pho/charge-density.php


 

 

 

 

The mmf around a closed path is equal to the conduction current (J) and the 

time rate of change of electric displacement (JD=𝜕𝐷/𝜕𝑡) through any surface 

bounded by the path.∫𝐻. 𝑑𝑙 = ∫(𝐽 +  𝜕𝐷/𝜕𝑡).dS 

A flowing electric current (J) produces a magnetic field that circles the current 

A time-varying electric flux Density (D) gives rise to a Magnetic Field that 

circles the D field 

2. What is displacement current and find its value when Field does not vary 

with time. Show its importance. {When electric displacement D varies with time. 

It is current because it can produce magnetic field. Jd =0 for no variation of field.) 

 

 

3. Find Kirchoff’s current law and eqn. of continuity from Maxwell’s eqns. 

From the above take divergence on both sides and taking from first eqn. find 

eqn. of continuity. If charge density does not vary ∇. 𝐽 = 0.       , ∫ ∇. 𝐽𝑑𝑣 =

∫ 𝐽. 𝑑𝑆 = 0 .Proceeding in this way get I1+I2-I3…..=0 

4. Derive Poynting’s theorem and give statement.{The time rate of change of 

electromagnetic energy within V plus the net energy flowing out of finite 

volume V through a surface S per unit time is equal to the negative of the total 

work done on the charges within volume  V. ------Help of book by  Griffiths 

should be taken. Also Chattopadhya, Rakshit—Electricity and Magnetism.  

Also use proper unit)  

5. Derive the law of conservation of energy from Poynting’s theorem and also 

derive the dimension of Poynting vector. 

6. Find unit, dimension and magnitude of (µ0/€0)
1/2. 

(µ0=henry m-1, €0=faradm-1.   Henry=Ωs, farad=AT/V.) 

7. Derive the wave equations for electric and magnetic fields in free space. 



8. Show that electric and magnetic fields are mutually perpendicular for em 

waves in free space. Also, find dimension of E/B. 

9. Establish the boundary conditions that must be satisfied by the field vectors 

when an em wave is incident at the interface between two dielectric media. 

10. Establish that energy density in a harmonically varying em wave is 

Re{E*D+H*B}/4. 

11. For plane monochromatic em wave in homogeneous dielectric medium time 

average of magnetic and electric energy densities are equal. What is wave 

impedance? 

12. Deduce the wave equations of field vectors (plane em wave) in conducting 

medium. 

13. In continuation of Q12. Find skin depth and relative directions of E and H. 

14. In continuation of Q12. Find relative phase of E and H. 

15. In continuation of Q12.show that energy flow is along the direction of 

propagation of the wave and falls off exponentially.  

16. Write the wave equations in potential formulation. 

17. What is gauge transformations/coulomb gauge and Lorentz gauge? 

18. For oblique incidence of plane em waves at the interface of two linear 

homogeneous dielectric media deduce ordinary laws of reflection and 

refraction. 

19. An em wave is incident at the interface between two dielectric media. Show 

that the frequency of the incident wave remains unchanged upon reflection and 

transmission. Also show that all the propagation vectors are 

coplanar.(C.U.1991). 

20. In continuation of above Q18, find Fresnel reflection and transmission 

coefficients for p polarisation (incident electric field in xy plane). 

21. In continuation of above Q18, find Fresnel reflection and transmission 

coefficients for s polarisation (incident electric field is perpendicular to xy 

plane). 



23. What are reflectance and transmittance? Show that in continuation of above 

Q18, Rs+TS=1. 

24. Show that in continuation of above Q18, Rp+Tp=1.what happens in case of 

normal incidence? 

25. In continuation of above Q18, discuss total internal reflection, critical angle 

and plot graphs. 

26. What is Brewster’s law? Calculate the Brewster’s angle for glass to air 

refraction (r. i=3/2) {33.70} (B.U.97) 

27. For water air interface the refractive indices of water and radio waves are 

4/3and 9 respectively give the comparative result of reflectance and also 

comparative result for transmittance.  

28(a). An em wave polarised normal to the plane of incidence is incident from 

free space onto a dielectric at the Brewster’s angle. Show that the reflectance 

={(n2-1)/(n2+1)}2.  

28(b). Why Silver is used in mirrors? 

29(a). What is the value of reflectance and that of transmittance of good 

conductors? Mention the value of phase change due to reflection from a perfect 

conductor? Just write Hagen-Ruben’s formula. 

30(a). What is degree of polarisation? 

30(b). Find degree of polarisation for r. i =3/2 and angle of polarisation=π/4. 

31. show that in case of good conductor the relative phase between electric 

gives and magnetic field is π/4. 

31b. An em wave passes through a nonconducting medium characterized by 

permittivity5€0 and permeability10µ0 find wave impedance. 

32(a). In continuation of above Q31b find frequency. 

32(b). The magnetic field associated with an em wave in free space 

H=15cos(kz- 𝜔 t).Find corresponding electric field. 

33(a). A bulb emits light of electric field 50Vm-1 find intensity in Jm-2. 



33(b). At what depth below the value of electric field in a conductor damps to 

1% of the value at the surface. (Skin depth =p). {E=E0e
-z/𝛿.} 

34. Explain the concept of retarded potential. 

35. A wire of length l and radius r is carrying a current of IA. Calculate 

Poynting vector. 

36. The intensity of the sun light reaching the earth’s surface is 2calcm-2minute-1 

calculate the electric field strength. (10.3Vcm-1) (C.U.90) 

37. Explain how a thin coating of silver can make a poor conductor to a good 

conductor 

38(a). What prevents radio communication with submarines difficult? 

38(b). A tiny glass sphere of mass10-11Kg and diameter 0.02 mm can be kept 

floating in air supported only by a laser beam directed upward What is the 

irradiance? (B.U.2K) (93.6MWm-2). 

39. Explain the concept of displacement current both from expt. with parallel 

plate capacitor and extension of ampere’s circuital law. 

40. Find Poynting vector and pressure in terms of magnetic field for em wave in 

vacuum falls normally on a surface and gets totally reflected. 

41. Show that for harmonic variation of em wave the ratio of maximum 

conduction current and the maximum displacement current=𝜎/𝜔𝜖 and from 

here for conductivity 𝜎 = 2 ∗ 0.001Sm-1 Which current is greater for low and 

very high frequencies. 

42(a). In connection with above Q41.find the same ratio for saline water 𝜖 =

80, 𝜎 = 0.25, 𝜔 =0.4GHz/2π. 

43(b). Show that Poynting vector=energy density*velocity of the em wave. 

44(a). Find the ratio of relative magnitudes of H and E for a good conductor and 

comment on the result. 

{Hints: Mod of H/Mod of E=√ ( 𝜎/ 𝜔µ)   For good conductor This ratio is very 

high. So, in good conducting medium field energy is not equally shared between 

electric and magnetic field. Rather it is fully magnetic in nature.} 



44(b). Derive average electric energy density and that of magnetic for good 

conductors and compare the results. Comment on it. 

{Hints: < um>/< ue>/  = µH0
2/€E0

2= √[1+( 𝜎/𝜔€) 2]. It is fully magnetic in  

nature. 

More problems: 

45. Find the % of light reflected when light is incident normally at a liquid and 

glass interface. R.i of glass and liquid 3/2 and 4/3 respectively.(nearly 44%) 

{Hints: reflectance R= [(n-1)/(n+1)]2}. 

46. A plane em wave of frequency 𝜔 propagates in a medium of permeability 

and dielectric constants are µ and € respectively. It produces maximum 

conduction current =maximum displacement current. Show that 𝜎 =  𝜔€. 

{E=E0𝑒−𝑖𝜔𝑡. Displacement current Jd=
𝜕𝐷

𝜕𝑡
= €

𝜕𝐸

𝜕𝑡
= 𝜔€ E0𝑒−𝑖𝜔𝑡 

Conduction Current Jc = 𝜎 E0𝑒−𝑖𝜔𝑡. So (Jc)max= 𝜎 E.  

(Jd)max= 𝜔€E0.} 

47. Find an expression for linearly polarised em wave propagating along +ve z 

direction with its plane of vibration at an angle π/4 to the xy plane. 

{E=E0cos (kz- 𝜔𝑡) .E= E0(cos π/4i +sin π/4j) [I and j are two-unit vectors along 

x and y directions, use vector sign] 

E=E0/√2(i+j) cos(kz- 𝜔𝑡). 

48. Given ∅=0 

A=A0(ct-x)2k:, for x<ct 

  =0 for x>ct     k =unit vector along z direction. Find the charge density. 

{E=−
𝜕𝐴

𝜕𝑡
,and Find ∇E. Then from Maxwell’s eqn it can answered.} 

49. Given ∅=0 and A=A0Cos (kx-𝜔𝑡)𝑗 

Find magnetic and electric fields. 



{E=−
𝜕𝐴

𝜕𝑡
=A0𝜔sin(kx-𝜔𝑡)𝑗.  

B=∇𝑋𝐴 = − A0𝑘 sin(kx-𝜔𝑡)k 

50. A plane em wave with E linearly polarised along z direction is travelling 

along (i+j)/√2.Assume that the wavelength is 𝜆.Give the expressions for E and 

B. (C.U.1995) 

Ans E=kE0cos2π/ 𝜆[{(x+y)/ √2} –vt], 

B={(i-j)/ √2}(µ€)1/2E0 cos2π/ 𝜆[{(x+y)/ √2} –vt].  

51. On being incident normally on a surface an em wave gets totally reflected in 

vacuum. Pressure exerted is 72*10-7 Pa. Find Magnetic induction B. [ans=3μT] 

{Pressure P=2*Poynting vector /c. Poynting vector=B0
2c/2μ0. Asa tere is total 

reflection rate of change of momentum is double, s2 came in pressure eqn.} 

52. Show that energy density of em waves the energy density in free space 

drops to 1/ϵr times that of dielectric medium. 

{Energy density in dielectric medium=1/2(εE2+μH2)=εE2.{Since electric and 

magnetic energy densities are equal. In free space this isϵ0E
2.Hence the result.} 

53. Distinguish between conduction current and displacement current. 

(Himachal university). 

54. Explain gauge transformation and gauge invariance. 

55. What is Evanescent wave? 

56. Show that refractive index of isotropic dielectric medium =n=√ϵr; ϵr is the 

dielectric constant of the medium. 

57. Find v which type of polarisation is indicated by E=10{icos(kz-ωt)-

jsin(kz-ωt)}.       {left circularly polarised.} 

58. If potential difference between the plates of a parallel plate capacitor of 

capacitance 3μfvaries 2MV per second the find displaces current. (6A). 

59. Explain how Maxwell modified Ampere’s circuital law for steady 

currents. How does the displacement current change if the frequency of the 

source is increased? (V.U.2009). 



60. For a plane harmonic em wave propagating in a source free region, 

show that Maxwell’s eqns reduce to�⃗⃗�  ×  �⃗� =ω�⃗� . 𝑎𝑛𝑑 �⃗⃗�  .  �⃗� =�⃗⃗�  .  �⃗� =0.: where 

�⃗⃗� =propagation vector, ω= angular frequency. �⃗� and �⃗�  are electric and 

magnrtic fields.      (V.U.2008). 

61.Derive Poynting’s theorem in the form 
𝜕𝑈

𝜕𝑡
+∇. 𝑆 =0’where the symbols 

have their usual meanings. Compare this eqn with the eqn of continuity to 

interpret the 𝑆  vector.   (V.U.2008). 

62. Calculate the Poynting’s vector for a 31W lamp at a distance of 1m from 

it.  

{Hints: Poynting’s vector=Power/4πr2=31/[4×3.1×(1)2] Wm-2.. 

63. A plane polarised em wave in free space is incident on metal surface. 

Metal has r.i=a+jb complex .Find phase shift of the electric vector w.r.t that 

of incident vector .(let a=1,b=b). 

64. A plane polarised em wave in free space is incident on metal surface. 

Metal has r.i=a+jb complex .Find  the reflectivity of the surface (let 

a=1,b=2).       

{Hints: R= [(nreal-nfree space)2+nimaji2]/ nreal+nfree space)2+nimaji2] } (Ans=0.5). 

65. An em wave is incident normally on an interface between air and 

dielectric of dielectric constant εr. Find reflectivity of the interface. 

[R= (1-√ εr)2/(1+√ εr)2. 

 

 

 

 

 

 

 



Name Symbol Unit Dimension 

permeability μ henry per metre= 

Hm-1 

MLT-2I-2 

magnetic 

field strength 

H ampere per metre 

=A⋅m−1 

 

magnetic flux 

density, 

magnetic 

induction 

  �⃗�  

 

tesla, T Wb/m2 = 

kg⋅s−2⋅A−1 = 

N⋅A−1⋅m−1 

[MT-2I-1] 

conductivity σ siemens per metre= 

Sm-1 

kg−1⋅m−3⋅s3⋅A2 

electric 

field strength 

  �⃗�  

 

volt per metre=Vm-1 N/C = 

kg⋅m⋅A−1⋅s−3 

 

[MLT-3I-1] 

electric 

displacement 

field 

  �⃗⃗�  

 

coulomb per square 

metre 

N/C = 

kg⋅m⋅A−1⋅s−3 

permittivity ε farad per metre= 

Fm-1 

kg−1⋅m−3⋅A2⋅s4, 

C2N-1m-2 

[M-1L-3T4I2] 

Resistance R   Ohm, Ω [ML2T-3I-2] 

magnetic flux Φ, weber=Wb Vs, [MLT-2I-1] 
 

 

Momentum and Radiation Pressure 
The linear momentum transported by an em wave is related to the energy as p = 

U/c 

For perfectly reflecting surface, the momentum change of the wave is double, --

- the momentum imparted to the surface is also doubled. The force exerted by 

an electromagnetic wave on a surface may be related to the Poynting vector as 

F/A=U/c=S/c 

 

 

https://en.wikipedia.org/wiki/Permeability_(electromagnetism)
https://en.wikipedia.org/wiki/Henry_(unit)
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Tesla_(unit)
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Siemens_(unit)
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Volt
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Electric_displacement_field
https://en.wikipedia.org/wiki/Electric_displacement_field
https://en.wikipedia.org/wiki/Electric_displacement_field
https://en.wikipedia.org/wiki/Permittivity
https://en.wikipedia.org/wiki/Farad
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Magnetic_flux
https://en.wikipedia.org/wiki/Weber_(unit)

