CMR

INSTITUTE OF USN
TECHNOLOGY i ] LIVA
Internal Assesment Test-111
Sub:  Engineering Electromagnetics Code: 17EC36
Date: | 22/11 /2018 Duration: 90 mins =~ Max Marks: 50 Sem: 3rd | Branch: ECE(A,B,C)
Answer FIVE FULL Questions
OBE
Marks CO RBT

1.(@) Using Faraday’s law derive an expression for e.m.f induced in stationary conductor [06] CO4 L2
placed in a time varying magnetic field. Also explain motional e.m.f.
(b) List Maxwell’s equations in point and integral forms for time varying field. [04] cCO4 L1
2.(a) What is the inconsistency of Ampere’s law with the equation of continuity? Derive [05] CO4 L2
modified form of Ampere’s law.

(b) Letu=3 x10°H/m e = 1.2x 107 F/mand ¢ = 0 everywhere. If [05] CO4 L3
H = 2cos(10'%t - Bx)a, A/m, use Maxwell’s equations to obtain the expressions
for B, D, E.
3.(a) Discuss TEM wave propagation in a good conductor. Define skin depth. [07] CcO4 L2
(b)  For a medium with 6 = 4.0 S/m and ¢, = 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, [10] CO1 L3

2 <y<3,3<z<4if D = 4x ay + 3y* ay +22° a, C/m’.
7.(a) Define current and current density. Derive the equation of continuity of current. ~ [02+04] CO2 L2

(b) Let D =5r?a, mC/m? in the region for r < 0.08m. Find p, at r = 0.06m. [04] co1 L3
8.(a) Derive an expression for the work done in moving a point charge Q in the [05] cOz L2
presence of an electric field E.
(b) Non uniform field is given by E=y ay +x a, + 2 a, V/m. Determine the work done  [05] CO2 L3
in moving a charge of 2C from B(1, 0, 1) to A(0.8, 0.6, 1) along the path
X +y =1, z=1.

9. Starting from Maxwell’s equations, derive wave equation for TEM wave. [10] co4 L2
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Solution. We first evaluate the loss tangent, using the given data:

3 b) o 4
we' (2m x 10%)(81)(8.85 x 10~12)

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

1 1
_ — =025m=25
VEfre i x 109@m x 1077)(4) e

=89x 10> 1

1)

Now
A=2n15=1.6m
and

v, = 08 = (2 x 10°)(0.25) = 1.6 x 10° m/sec
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8 b)

We are given the nonuniform field
E = ya, +xa, + 2a,

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

Solution. Weuse W = —Q [ 1? E - dL, where E is not necessarily constant. Working
in rectangular coordinates, the differential path dL is dxa, + dya, + dza_, and the
integral becomes

A
W:—Q/ E-dL
B

A
—2/ (ya, +xa, +2a;)-(dxa, +dya, +dza,)
B

038 0.6 1
—2/ ydx—Z/ xdy—4[ dz
1 0 1

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

0.8 0.6
W=— V1—x%dx -2 V1—y2dy—0
1 0
0.6

058
—[x\/l — x2 4 sin™! x]l — [y 1 —y2+sin™! y]o
(048 +0.927 — 0 — 1.571) — (0.48 + 0.644 — 0 — 0)
= —0.96J
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