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TECHNOLOGY
Internal Assesment Test-1
Sub:  Electromagnetic Waves Code: 18EC55
Date: 07/11 /2022 Duration: ’90 mins ‘ Max Marks: ‘50 ‘ Sem: ‘Sth Branch: ECE(A,B,C,D)
Answer any FIVE FULL Questions
OBE
Marks CO RBT

1.(a) Transform the following vectors to spherical coordinate system at the following ~ [05] COl L3
points given:
i) 10 ax at P(3,2,4)
i1) 10 ay at Q(5,30°,4).
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(b) Transform the vector B =y ax —x ay + z a, into cylindrical coordinates. [0s] cor L3
i 1]

2.(2) Transform the vector field G=(%)ax into spherical components and variables. [06] ~Ccol L3
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- Xz X7 .
G,=G-a, = —a,-a, = —sinf cos¢
¥ y
) cos ¢
= rsin# cos f—
sing¢
. Xz Xz
Gy=G-a3 = —a,-a; = —cosHcos¢
y y
2
cOs-
= rcos’ f——

: Xz 2
Gg = G-a¢ — —da_.r ~ay = —‘(—smq’))
y y
= —rcosf cosg

Collecting these results. we have
G = rcosf cos¢ (sinf cotga, 4 cosf cotpag — ay)

(b) Define electric flux density. Derive the relation between electric flux density —[04]
and electric field intensity.

D =——a (inner sphere)
e Ama®™”
= Q 53, (outer sphere)
r=b 4mb

and at a radial distance r, wherea =r < b,

0

D=——a,
dnr2”

If we now let the inner sphere become smaller and smaller, while still retaining a
charge of @, it becomes a point charge in the limit, but the electric flux density at a
point r meters from the point charge is still given by

0
D—mﬂr (])

for Q lines of flux are symmetrically directed outward from the point and pass through
an imaginary spherical surface of area 472,

This result should be compared with Section 2.2, Eq. (9). the radial electric field
intensity of a point charge in free space,

0

l=——a,
4meor?

In free space, therefore,

D =¢FE | (free space only)

Page 3 of 11

CO2

L2



3.(a) State and explain Coulomb’s law in vector form. Mention the units of each term CO1
involved.
[04]
Coulomb stated that the force between two very small objects separated in a vacuum
or free space by a distance, which is large compared to their size, is proportional to
the charge on each and inversely proportional to the square of the distance between
them, or
010>
R
where () and (- are the positive or negative quantities of charge, R is the separation,
and k is a proportionality constant. If the International System of Units' (SI) is used,
() is measured in coulombs (C). R is in meters (m). and the force should be newtons
(N). This will be achieved if the constant of proportionality k is written as
1
T 4me
The new constant € is called the permirttivity of free space and has magnitude, mea-
sured in farads per meter (F/m),

F=k

s 1
e = 8.854 % 10—'—ﬁﬁ10—9 F/m (1)

The quantity €; is not dimensionless, for Coulomb’s law shows that it has the
label C%/N - m?. We will later define the farad and show that it has the dimensions
C?/N - m: we have anticipated this definition by using the unit F/m in equation (1).

Coulomb’s law is now

F 0,0y

- 2 (2]
dmregR-

Origin

010
—a2

3= a2
dweg Ry,
where a;» = a unit vector in the direction of R», or
Rr: R]g rp—T

i

a1 — = e— e —
. IRiz2| Rz |ra—ry
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4.

(b) Two point charges of magnitudes 2mc and -7mc are located at places P1(4,7,-5)
and P2(-3,2,-9) respectively in free space, evaluate the vector force on charge at
P>.

State and explain electric field intensity and obtain an expression for electric field
intensity due to an infinitely long line charge.
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5.(a) Derive the expression for the electric field intensity at a point due to n number of ~ [04] COl L2
point charges.
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(b) Find D and E at origin due to a point charge 12nC at (2, 0, 6) and a uniform line [06] CO2 L3
charge 3nC/m placed along x-axis.
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6. Define surface charge density. Obtain an expression of electric field intensity due
to an infinite sheet of charge with uniform surface charge distribution ps C/m?.
Assume the charge is placed over x-y plane.

QR = 'R-‘ = ('R a; =i iPL
»érwg AP e o M fosen
)e""A"'”\ | ﬂ-ﬂ.&)
%5 . {Pm (Lde = i) o
. 4né, (AE+1Y W
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F o -‘3"‘""*"3 f
1be f‘,,._.,!,-hm)
ol A
dE = 401¢[‘p’+£"}l
, Ry
17 - Fu (pdpdt) (pw A
e = 2 il 9,
’-{I”l-'n(lp +£‘)K§'
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7.(a) Define line charge density and volume charge density. [03]  COI

AQ

= lim —
P Av—0 Ay

Volume charge density:
Line charge density: Charge per unit length as the length tends to zero. Unit is
C/m.

7.(b) Find E at P(1, 1, 1) caused by four identical 3 nC (nanocoulomb) point charges [07] COI
located at Py(1, 1, 0), Px(—1, 1, 0), Ps(—1,~1, 0) and P4(1,~1, 0).

a- 1 2a. +a. |1 2a.+2a. 4a. 1
,:26.1}6[—‘——1— — oy

2a, +a; 1
LB V5 () I (ﬁf}

E = 6.82a, + 6.82a, 4+ 32.8a. V/m

Page 11 of 11

L2

L3



