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1. Obtain the boundary conditions at the interface between two magnetic materials.  [10] CO4 L2
2.(a) Using Faraday’s law derive an expression for e.m.f induced in stationary [06] CO5 L2
conductor placed in a time varying magnetic field.

(b) Compare the properties of electric and magnetic circuit with equations, [04] CO4 L2
3. Explain displacement current. What is the inconsistency of Ampere’s law with [10] CO5 L2
the equation of continuity? Derive a modified form of Ampere’s law for time-
varying fields.
4. State and prove Poynting’s theorem. Give the expression for Poynting’s vector. [10] CO5 L2
S. Starting from Maxwell’s equations, derive the wave equation for TEM wave. [10] CO5 L2
6.(a) Derive the expression for Intrinsic Impedance for uniform plane wave in free [08] CO5 L2
space.
6.(b) List Maxwell’s equations in point forms. [02] CO5 L2
7. Derive the magnetic field intensity for a finite conducting line carrying direct [10] CO4 L2

current I placed along the z-axis.

Page 1 of 1



Q.No. 1) |Magnetic Bounday Conditions:

Magnetic field vectors can be split into tangential and normal components with
respect to the boundary
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Magnetic boundary conditions can be obtained by applying
(i)Gauss's law for magnetic fields and (ii) Ampere's Circuital Law
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Equations (1), (2), (3), (4), (5) and (6) are the magnetic boundary
conditions



Q.No-23a)  Earaday's Law and induced e.m f.:

) ? Faraday discovered that the induced

emf, Vemf (in volts) in any closed
circuit is equal to the time rate of
change of the magnetic flux linkage
by the circuit

O LN

emg dt

Lonz's Jaw

Lenz’s law states the direction of current flow in the circuit is such that the
induced magnetic field produced by the induced current opposes change
in the original magnetic field.

An e.m.f. will be induced under the following two conditions:

(i) when the magnetic field is static and the coil is moving - such
e.m.fis called Generator e.m.f. (or) Motional e.m.f.

(if) when the coil is stationary and the magnetic field is time
varying - such e.m.f is called Transformer e.m.f.



Faraday's Law of electromagnetic
induction:
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Q. No. 2 b)
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Q. no. 3)

Explain the inconsistency of Ampere's law for time
varying fields. Derive the consistent equation
(Modified form) of Ampere's law for time varying

fields. £ (7(' J,% {,)
Continuity Equation of current
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Ampere's Circuital Law
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This shows that A.C.L. for static fields is
inconsistent for time varying fields

Take divergence
on both sides
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Modified form of Ampere's Circuital Law for
Time varying fields:(Differential or Point

Form)
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Modified form of A.C.L. for time varying fields in Integral form
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The displacement current is a result of time-varying electric
field. A typical example of such current is the current through
a capacitor when an alternating voltage source is applied to
its plate.




State and Explain Poynting’s theorem with derivation.

Q. No. 4) (or)
State and Prove Poynting’s theorem.

(or)

State Poynting’s theorem. Prove that P = E x H.

Poynting's theorem and Wave Power:

Poynting's theorem states that the net power flowing
out of a given volume is equal to the time rate of
decrease in stored energy within the volume minus
conduction losses ( Ohmic losses)
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’ Volume 'V'

Fig. lllustration of Power Balance for EM fields




Maxwell's Equations:
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Vector Identity:

7 (BF) = -.r.?.c?xﬂ)

Using these
expressions, the
above equation can be
written as follows.
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Differential form or Po:nt form of Poynting's theorem
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Integrating the above expression over the given
volume "V" as depicted in the figure, provides
the Integral form of Poynting's theorem. Power in

 Volume 'V'

J
conduction losses

Fig. lllustration of Power Balance for EM fields
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Using Divergence Theorem for the L.H.S., L.H.S. can be wrtitten as follows:
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Integral form of Poynting's theorem

Stored Stored

Magnetic Electric

Energy within Energy within

the volume 'V' the volume 'V’

'

Net power flowing Rate of decrease in Conduction
out of the given stored energ';y'wnhln losses or Ohmic
Volme 'V’ the Volume 'V Losses

Poynting's theorem and Wave Power:

Poynting's theorem states that the net power flowing out of a given volume

IS equal to the time rate of decrease in stored energy within the volume
minus conduction losses ( Ohmic losses)




Power of an EM
wave,

Power Density vector = Po;{nting's Vector

(Power per unit Area) ?: [_;, < ?X\"\-) ( "/ "‘?')
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Instantaneous Power Density Vector,

Active Power Density Vector éﬁ - Pvl - ibi?{?} Wlm

or Real Power Density Vector, O‘Va o
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Reactive Power Density Vector, P .
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Instantaneous Power Density = Real Power Density + Reactive Power Density




Using Maxwell’s equation derive an expression for uniform plane
Q. no. 5) wave in free space.
(or)

Derive the expression for Wave equation for a Uniform Plane Wave for
free space from Maxwell’s equation.

(or)

Starting form Maxwell’s equations, derive the general wave equations
for electric and magnetic fields.
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Uniform Plane Wave(UPW)/Transverse Electromagnetic Wave(TEM):
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Maxwell's Equations:
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Maxwell's Equations:

— 0 9:(;?:. 5?1—8%52—) @?-?30 ﬁ@ 7=

= _
2 07 %9+
ok _ _pov|
"'-i, —3_k /@
— -'DH_); JE(’ £?_E_ﬂ?
" 07 * SRS -

- - gE +E2E
22 zt_’©




FE _ L uh
o - e
‘ ﬂd.',,s @ wrbt
> = G'QE {'ai-e-
0 2 The

—oH 5E +EJE
22 w7 ®
\ M@ w-'l-';'\z,
YE .-’,1'&‘_
-a";i' ot
ML@ ot 2
-—Q_z_l'_!_ < 6?_5..-}5_):5
23 2t ik










Wave Equations for Free Space:
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Wave Equations for Free Space:
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Wave Equations for Free Space:
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Equation for
H-field



Derive the relationship between E and H for a UPW for any
medium.

Q. No. 6 a) (or)

Derive the expression for Intrinsic Impedance for any medium.

(or)

Derive the expression for Helmholtz Wave Equation and obtain

the relationship between E and H for a UPW for any medium.

(or)

Derive the expression for Wave Equation and solution for a

sinusoidal excitation and obtain the relationship between E and

H for_a_T.IP_ﬂLio:_aniLmediu.m._
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Consider the sinusoidal excitation. e = S Wl"l'd Sinw

The phasor form of Equations can be written as follows:
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Solution for Helmholtz Wave Equations for E-field :

E(2) e,rkf?

Similarly, Solution for Helmholtz Wave
Equations for H-field can be given as :
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Relation between E and H:
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Equating LHS and RHS, gives the following relations:

Intnns:c Impedance of the
medium
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Q. No. 6 b)

/List the Maxwell's Equations in Integral form and
differential (point) form:
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Q. No. 7)

Magnetic Field Intensity due to a conductor carrying

current of 'I' amperes
1) Finitely Long Conductor
ii) Infinitely Long Conductor
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