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Answer FIVE FULL Questions 

 Marks 
OBE 

CO RBT 

1.(a)  Using Faraday’s law derive an expression for e.m.f induced in stationary conductor 
placed in a time varying magnetic field. Also explain motional e.m.f. 

[06] CO4 L2 

(b) List Maxwell’s equations in point and integral forms for time varying field. [04] CO4 L1 

2.(a) What is the inconsistency of Ampere’s law with the equation of continuity? Derive 
modified form of Ampere’s law. 

[05] CO4 L2 

(b) Let 𝜇 = 3 × 10−5 H/m, 𝜖 =  1.2 × 10−10  F/m and 𝜎 =  0 everywhere. If  

𝑯 =  2 𝑐𝑜𝑠(1010𝑡 –  𝛽𝑥)𝒂𝒛 A/m, use Maxwell’s equations to obtain the expressions 

for B, D, E. 

[05] CO4 L3 

3.(a) Discuss TEM wave propagation in a good conductor. Define skin depth. [07] CO4 L2 

(b) For a medium with σ = 4.0 S/m and εr = 81, evaluate skin depth at 1 MHz. [03] CO4 L3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

4. State and explain Poynting’s theorem.  [10] CO5 L2 

5. Derive point form of Maxwell’s equation of electrostatics. [10] CO1 L2 

6. Find the total charge in a volume defined by the six planes for which 1 ≤x ≤2,  

2 ≤y ≤3, 3 ≤z ≤4 if D = 4x ax + 3y
2
 ay +2z

3
 az C/m

2
. 

[10] CO1 L3 

7.(a) Define current and current density. Derive the equation of continuity of current. [02+04] CO2 L2 

(b) Let D = 5r2 ar mC/m2 in the region for r < 0.08m. Find v at r = 0.06m. [04] CO1 L3 

8.(a) Derive an expression for the work done in moving a point charge Q in the 

presence of an electric field E. 

[05] CO2 L2 

(b) Non uniform field is given by E=y ax +x ay + 2 az V/m. Determine the work done 

in moving a charge of 2C from B(1, 0, 1) to A(0.8, 0.6, 1) along the path  

x
2
 + y

2
 =1,   z=1. 

[05] CO2 L3 

9. Starting from Maxwell’s equations, derive wave equation for TEM wave.  [10] CO4 L2 
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SCHEME OF EVALUATION 

 

  Mark Split-Up 

1.a) Transformer e.m.f 

Motional e.m.f. 

3 

3 

  1.b) Point form 

Integral form 

2 

2 

2.a) Derivation  

Final Expression 

2 

3 

2.b) B, D, E 1+3+1 

3.a) Wave propagation in a good conductor 

Skin depth 

5 

2 

3.b) Formula 

Approach & Answer 

1 

2 

4. Statement 

Derivation 

Final expression  

2 

7 

1 

5. Derivation  

Final Expression 

8 

2 

6. Formula 

Approach & Answer 

3 

7 

7.a) Current and Current Density 

Continuity Equation  

2 

4 

7.b) Formula 

Approach & Answer 

2 

2 

8.a) Diagram 

Derivation  

Final Expression 

1 

3 

1 

8.b) Formula 

Approach & Answer 

2 

3 

9. Derivation  

Final Expression 

8 

2 
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 OR  

10(a) What is the inconsistency of Ampere’s law with the equation of continuity? Derive 

modified form of Ampere’s law. 

 

[07] CO4 L3 
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CHAPTER 11 The Uniform Plane Wave 391

Solution. We first evaluate the loss tangent, using the given data:

σ

ωε′ = 4

(2π × 106)(81)(8.85 × 10−12)
= 8.9 × 102 � 1

Seawater is therefore a good conductor at 1 MHz (and at frequencies lower than this).
The skin depth is

δ = 1√
π f µσ

= 1√
(π × 106)(4π × 10−7)(4)

= 0.25 m = 25 cm

Now

λ = 2πδ = 1.6 m

and

νp = ωδ = (2π × 106)(0.25) = 1.6 × 106 m/sec

In free space, these values would have been λ = 300 m and of course ν = c.
With a 25-cm skin depth, it is obvious that radio frequency communication in

seawater is quite impractical. Notice, however, that δ varies as 1/
√

f , so that things
will improve at lower frequencies. For example, if we use a frequency of 10 Hz (in
the ELF, or extremely low frequency range), the skin depth is increased over that at
1 MHz by a factor of

√
106/10, so that

δ(10 Hz)
.= 80 m

The corresponding wavelength is λ = 2πδ
.= 500 m. Frequencies in the ELF range

were used for many years in submarine communications. Signals were transmitted
from gigantic ground-based antennas (required because the free-space wavelength
associated with 10 Hz is 3 × 107 m). The signals were then received by submarines,
from which a suspended wire antenna of length shorter than 500 m is sufficient. The
drawback is that signal data rates at ELF are slow enough that a single word can
take several minutes to transmit. Typically, ELF signals would be used to tell the
submarine to initiate emergency procedures, or to come near the surface in order to
receive a more detailed message via satellite.

We next turn our attention to finding the magnetic field, Hy , associated with Ex .
To do so, we need an expression for the intrinsic impedance of a good conductor. We
begin with Eq. (48), Section 11.2, with ε′′ = σ/ω,

η =
√

jωµ

σ + jωε′

Since σ � ωε′, we have

η =
√

jωµ

σ
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CHAPTER 4 Energy and Potential 79

For this special case of a uniform electric field intensity, we should note that the
work involved in moving the charge depends only on Q, E, and LB A, a vector drawn
from the initial to the final point of the path chosen. It does not depend on the particular
path we have selected along which to carry the charge. We may proceed from B to A
on a straight line or via the Old Chisholm Trail; the answer is the same. We show in
Section 4.5 that an identical statement may be made for any nonuniform (static) E field.

Let us use several examples to illustrate the mechanics of setting up the line
integral appearing in Eq. (5).

EXAMPLE 4.1

We are given the nonuniform field

E = yax + xay + 2az

and we are asked to determine the work expended in carrying 2C from B(1, 0, 1) to
A(0.8, 0.6, 1) along the shorter arc of the circle

x2 + y2 = 1 z = 1

Solution. We use W = −Q
∫ A

B E · dL, where E is not necessarily constant. Working
in rectangular coordinates, the differential path dL is dxax + dyay + dzaz , and the
integral becomes

W = −Q
∫ A

B
E · dL

= −2
∫ A

B
(yax + xay + 2az) · (dx ax + dy ay + dz az)

= −2
∫ 0.8

1
y dx − 2

∫ 0.6

0
x dy − 4

∫ 1

1
dz

where the limits on the integrals have been chosen to agree with the initial and final
values of the appropriate variable of integration. Using the equation of the circular
path (and selecting the sign of the radical which is correct for the quadrant involved),
we have

W = −2
∫ 0.8

1

√
1 − x2 dx − 2

∫ 0.6

0

√
1 − y2 dy − 0

= −
[
x
√

1 − x2 + sin−1 x
]0.8

1
−

[
y
√

1 − y2 + sin−1 y
]0.6

0

= −(0.48 + 0.927 − 0 − 1.571) − (0.48 + 0.644 − 0 − 0)

= −0.96 J
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