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Q. 1. Write maxwell's equation in integral and differential forms. Explain
the physical significance of each equation.

Sol.
Maxwell's equations in Differential forms

1, 3.1')-_-‘,
2, 6-3:0

3. x :-()-—E-
4, axﬁ=3+a—é
at

Maxwell’s equation in integralf orms
1. §DdS=[ p.av
2. }Edﬁ:o

_ (9B 2
3, i_,l‘-ﬂ_js‘--d.s
| 1 aD
4, ﬁ,ﬁd?_jJJ,W d8

The physical significance of the field equations is readily obtained from their
mathematical statement in the integral form are :

(1) The total electric displacement through the surface enclosing a volume is equal
to the total charge within the volume.

(11) The net magnetic flux emerging through any closed surface is zero.
(1i1) The electromotive force around a closed path is equal to the time derivative of
the magnetic displacement through any surface bounded by the path.
(iv) The magnetic force around a closed path 15 equal to the conduction current plus
the displacement through any closed surface,
Q.2. State and prove continuity equation.

Sol. This equation is mathematical expression for the conversation of charge.
According to which the total charge contained in an 1solated system remains conserved or
constant,




Let us assume that the charge density p is a function of time. We know that rate of
change of charge constituted the current. ie.,

[ ==— ...(1)

Current can also be written as -
i=f, Jd8 i)
Also, charge ¢ in terms of charge density p can be written as
g= j‘, p-dV ...(iii)
Equating equation (1) and (ii) and using equation (iii) we have,
Jsj-d§=-%=-diljvwv i)

using gauss divergence theorem, we have
-+ —
J, v-ddv=[ J.ds
equation (iv) becomes

Ji v.J dV=-jV%';—dV
or, _[V [V‘J +%ft3)dV=o

Above equation is true for any arbitrary limit volume. Hence
V- 3 + a_p =0
at

Above equation 1s known as equation of continuity. In case of stationary current,

density at any point within the region should remain constant,
dp

at
63 =0

which indicates that there is not net outward flux of current density .J

Q.3. Derive Maxwell equation. Explain Physics significance of each
equations.

Sol. 1. Maxwell's first equation or Gauss's law in Electrostaties, According to Gauss
law, the electric flux  passing through any closed hypothetical surface in an eleetric field is

ke times the total charge enclosed by the surface i.e.,
Ep

¢=§E.d§=i
s

£q



where g; is permittivity of free space.
Let the charge be distributed over a volume and Let p be the volume charge density.

then,

1
§EdS= = $p-dv

Using Gauss divergence theorem,
$ E.dS=§div Eav

Using Gauss divergence theorem
$ E.dS=§div Eav
Hence §divEav=—fpav
0y

This is true for any arbitrary volume of shape dV So,

divE:-g-
Ep
v.D=L
€p
i!'—D'=£o E then
V.E =Lt
Eq

This 1s maxwell first equation

Maxwell Second Equation
The magnetic field passing through a closed surface placed in magnetic field is zero.

Thus,
f_B"dg:O

By using Gauss divergence theorem

§B-dS=§(v Bdv
o=§ div BdV
divB=0

Maxwell’s Third Equation
The magnetic field flux linked with the loop is given by



¢=§s§'d§

The e.m.f voltage is related to £

e.m.f:ﬁz'-d_l
Now, j'E'-d'I:%‘f:-%j BdS

By using stoke's theorem,

$E.al=[, (VxEds

[V xBy.ds=-2[ds

Thus (—V’ x Z.’) =- aa—?
Maxwell’s Fourth Equation

We know that

[H-dT=1

[H.al=[Jd8 A1)
Applying stokes theorem, we have

[B.dl=] (xH)d§ A2)
equating equation (1) and equation (2)

(—V'x ﬁ )= J

Ampere's law (Vx H Y= J does't hold good for time varying field. Maxwell's Modified
the above equation by introducing the concept of “displacement current”.

VxH=1J
taking divergent
3.(3)( ﬁ) =(33)
divergence of curl of a vector is always zero
Le., V-J=0

ButV.J =- %?— this is not true for time varving field
Taking Gauss law,



VE=L
£
E _p
a ot
dE  dp
Voo =
According to general equation of continuity,
VJ+ -‘12 =0
ot
Thus, V.J +¢ V%I:- =

6.[;’ +%?] =0

[J + %] is the total current density and modified form of Maxwell's fourth equation,

o )
at
where .JJ = Current density
% = Displacement Current
Hence
Vi =gl
ot

Maxwell's fourth equation.

Q.4. Explain the concept of Displacement current and show how it led to the
modification of the Ampere's law

Sol. See solution (3)

Q.5. Explain the concept of Displacement current. Why and how Maxwell
modified Ampere’s law.

Sol. See Solution (03).

Q.6. What was inconsistency in Ampere's law before Maxwell and how
makes it consistent ? Also Explain the role of displacement current ?

Sol. See Solution (03)

Q.7. Derive Maxwell Equation. Explain Physical significance of each
eaguation.



Sol. See Solution (03).
Q.8. Using Maxwell's relation

6.3=pand6x§ =:I,+€j_’—?
Prove that

3- _J’ - %E = 0 equation of continuity
Sol. VxH=J+ %ltz

VW) =VJ v .[?’D)

o

0= (6:}) + V[%]

(3.3)+(%‘13] =0 Proved

Q.9. State and explain Poynting theorem for flow of energy in emw.
Sol. According to Poynting theorem, the rate at which energy is transmitted through

- = -
unit area perpendicular to the direction of propogation of energy is given by p= E x H

i
where p is called as Poynting vector

Derivation : Maxwell's Equation

aD
Vx§=3+7 (1)
-3B
VxE= — (2)
Taking dot produet,
EV.H=Ed)+ _E'.%
EMB)=27 %Bw] -3
JB I1Y:0
and ﬁ.(V.ﬁ):H(-E =--a—l[-2-£E ] ...(4)

Substraction equ (4) from equ (3)



E(VxH)-HNV.Ey=(ET)+ -(%[-2{;1112 + %»:E‘-’] (5)

But 6.(3x 7{) = (ex E) - E.(ex I—;)
Equation (5) becomes
— = — - dl1 2 1 2
~-V(ExH)=E.J + al[zuH + 2£E ] ...(6)
Let us know consider a volume V enclosed by a surface S. Integrating the above
relative over the volume V', we have

az V[—+—]dV+I(E"J)dV | (ExH)av

using Gauss div theorem

[ V(EH)av =[(E.H)-d$
Vv
-%:!["’;2 + ;ldv- j(f.?)dV:f(ﬁﬁ)dg
Hence -%j[“’z’ “E']dv [(Edyav =§ER)d S
Here, 311[% u.E" dVv

represents the rate of decrease of energy stored in volume V due to Electric and
Magnetic field.

-I(E V) dV represents the rate at which electromagnetic energy is lost through
v

Joule heating.

Hence &S(_E’x 71 ) d; represent the rate of flow of which energy over the surface S

enclosing the volume V. Therefore (Ex ]} ) gives rate of flow of energy through unit Area

enclosing the volume V. this is denoted by P called Poynting vector

—

P=—E’x1_';

The direction of P is perpendicular to both Eand H.

Q.10. If the earth services 2 Cal min~' em™ solar energy, what are the
amplitudes of electric and magnetic field of radiation.



Sol.
Poynting vector,

p=ExH
p = EH sin90°
p=EH

Solar Energy = 2 cal min em ™

2 8x10*
Solar Energy = -)M{TXI Joule m~? sec”!
2x4.14 x 10%
60
EH = 1400

Now, % =377Q

EH =

.(2)

From equation (1) and equation (2)
EH x-1§=1400x377

E? =(1400 x 377)
E = 7265 volt/m

and H= i = 1927
377
Amplitude of E and H
E, =\2E
E, =10243 Volt/m
and

H, =2.717 Amp-turn/metre

Q.11. If the upper atmospheric layer of earth receives 1360 wm® energy from
the sun what will be the peak value of electric and magnetic fields at the layer.

Sol. The energy flux is given by

4 BxB
Ho
or S:-E—B=E;"“
g K€

E E?

E ,=—-q O e 2

) 2u,C

or Eo = oCS



Eg=+2x4r x 1077 x3x 10® x 1360
E, =1012KVm™

Peak value of MF
E, 1012
By==—= ——
7 € " 3x10"

B, =337x10% wbm

Q.12. Write Maxwell equation in the shape and using these equation derive
wave equation for both electric and magnetic field.

Sol. Maxwell equations
V.D=0 (1)
V.B=0 (2)
VxE=-28
x E = (3
— - al)
VxH =~ > ...(4)
For free spacep =g, e =5, V=0andp=0
And 3=£0Eand§=uoﬁ

taking Curl of equation (ii1) both sides
(VxVxE)=- ‘%(v x B)

U UxB=—u, 298
b Hody
3211__uo£ a°E
at? O a2

-VZE= ~Hp

Similarly, VIH =p e,

...(6)

Equation (5) and (6) represent wave equation in free space, Also general wave
equation can be written as

A %u
e? a®
Comparing either equation (6) or equation (5) from equation (7) we have,

Viu=

A7)



JHoEn

Since £y =21 x 1077 H/m

Mo =885 x107'% Fim
1

C=
32:{ x 1077 x 885 x 1072

C =3 x 10® m/sec
This confirms that Em wave travel with the speed of light in free space.

Q.13. Write Maxwell’s equation in integral and differential form and Explain
their physical significance show that the velocity of Plane Em wave in free space
is given by

1

wﬁi oo
Sol. See Previous Question

Q.14. Calculate the Magnesium of Poynting atthe surface of the sun. Given
that power radiated by sun = 5.4 x 10%® watts and radius of sun is7x10% m

Sol. Power radiated,

C=

P=Sx4n R*
[)
and S: =
4nR*
3 54 x 10%®

T 4% 314 x(7x 105)2
S =899 x 10? watt/m?

Q.15. If the Average distance between the sun and earth is L5 % 10" m and
the power radiated by the sun is 5.4 x 10*® watt. Find the average solar energy
incident on the earth.

Sol. Sp-4nri=P

54 x 10%®
E e xa4 x(15 x 10'1)?
Sp =191 x10° watt/m?

S




_191x10°
T 42 x10t
Q.16. Prove that electromagnetic wave transverse in nature

S =454 cal/lem %-mm

Sol. The Plane wave solution can be written as

ar’ t)= Eoe‘ R—Y. — 10l ...(l)
Br.t)= Boe(ik’-r — 1t) (2
Taking divergence of equ (1), we get
G—E’ = _V’-(—E’o et Kr Ty

V.E=iK Eyet Kr-o0

V.E=i(K E)
for free space,

V.E=0
ie., i(K E)=0 E)
Similarly x'(R 3) =0 ...(4)

Equation (3) and (4) indicates that, electric field and magnetic field are perpendicular

to the direction of propagation vector K. That is Em waves are Transverse in nature.

Q.17. Show that E, H and direction of Propagation from a set of orthogonal
vectors.

Sol. Maxwell's Equation
VxE=- %—? (1)
IE
and 3x§=p0£oy A2)
The plane wave solution is written as,
E= Eoei (K.r —o) )
and B=Boei (K.r —o») “-(4)

Taking curl of equation (3), we get

VxE =Vx B! (K-r—af)



VxE =i (KxE) (3

Similarly

VxB=i(K xB) ..{6)
Now from eguation (v) and (i), we have

KxE=wB
Similarly K xB= -onOzUE

That is electric and magnetic vector are normal.
Q.18. Define skin effect.
Sol. The depth of Penetration is defined as the distance in which the strength of

: A 3 2 1 F
electric field associated with the em wave reduce due to attenuation by factor (_e ) from its

B}
Skin depth = _|—
J Wpo

Skin depthis s
Jnfuo
Q.19. Find d at a frequency of 3 x 10° Hz in aluminium where o = 35.0 x 10° S/m
andp, =1

Sol. o=

initial value

1
nfuc

g

1
314 x3 % 10°% x4 x314 x 107 x 35 x 10°
§ =004716m

Q. 20. Write down Maxwell's equation in free space and show that E ¥ H and
direction of propagation vector form a set of orthogonal vectors. [AKTU 2017]
[Hint : Solution has been already given in question 17.]

Q. 21. What is the equation of continuity ? Obtain the required expression
for it. Also give its physical significance ? [AKTU 2017]

[Hint : Solution has been already given in question 2.)
Q. 22. State and explain paynting theorem for the flow of energy in emW.
[AKTU 2017]

&

[Hint : Solution has been already given in question 19.]
Q. 23. For silver it = iy and ¢ = 3x 107 mhos/mg. Calculate the skin depth at
10° Hz frequency. Given, g = 4n x 1077 N/AZ. JAKTU 2017]



1

Sol. &=

,/x{ua
= . =9.19uM
Vr x 108 x3x107 x4x x 1077
Q. 24. What is displacement current ? [AKTU 2017]

Sol. A changing electric field in air field capacitor is equivalent to a current which
flow as long as the electric field is changing. This equivalent current is know as
displacement current. Displacement current is given as,

Here, Dis known as displacement current density.
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Whatisgroupvelocity.Deriverelationbetweengroupvelocityandwavevelocity
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DeriveSchrodinger time dependent andtime independent wave equation for matter
wave.Givethephysicalinterpretationofwavefunction.[AKTU18-19,20-21,21-22,22-23]
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SolveSchrodingerWaveequationforaparticletrappedinonedimensionalpotentialbox of length
L. Calculate Eigen value and Eigen function.
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WhatisCompton Effect. DeriveCompton Shiftformula.

[AKTU18-19,21-22,22-23]
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