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Unit-1

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

EMWTL Problems

S. No

Question

Calculate the electric force on a 10nC charge located at (0, 3. 1) point. Point charges 1mC and -

1 2mC are located at (3, 2.-1) and (-1,-1, 4) respectively.
(5M, COl, Apply)
(1) Find the force on a 1 nC point charge located at ay- 3ay + 1a,. (ii) Find the electric field E at ay -
2 3ay + 1a, . Point charges 5SnC and -2nC are located at 2ax + 4a, and -3a, + 5a, respectively.
(5M, CO1, Understand)
(1) Find D at (2, 90°, 0). (ii) Calculate the work done in moving a 10uC charge from point A (1, 30°,
3 120% to B (4, 90°, 60°). Given the potential V=(10/r?) SinOCos@
(5M, CO1, Understand)
Find the volume charge density at any point in space when the electric flux density is given as
4 D=x"*a,— x’y a,
(5M, CO1, Understand)
Point charges Q1 and Q2 are respectively located at (4. 0.-3) and (2, 0, 1).If Q2 = 4nC, find Q1
5 such that. i. The E at (5. 0.6) has no Z-component. ii. The force on a test charge at (5, 0, 6) has no
X-component.
(5M, CO1, Understand)
Find the total current I, When Apply Gauss’s law to derive the boundary conditions at a conductor-
6 dielectric interface. In a cylindrical conductor of radius 2mm, the current density varies with
distance from the axis according to J = 10.3 A/m?>
(5M, CO1, Understand)
Find the energy in the system, when three point charges -1 nC, 4 nC and 3 nC are located at (0, O,
7 0), (0,0, 1) and (1, 0, 0) respectively.
(5M, CO1, Understand)
Find the potential at (1, 0, 1). Assuming '0' potential at infinity. Two point charges - 4uC and 5uC
8 are located at (2, -1, 3) and (0, 4, -2) respectively.
(5M, CO1, Understand)
Find the potential at point (2, 3, -4) of a line charge pr=400 pC/m lies along the X-axis. The
9 surface of zero potential passes through the point P (0, 5, 12).
(5M, CO1, Understand)
10 A parallel plate capacitance has 500mm side plates of square shape separated by 10mm distance. A

sulphur slab of 6mm thickness with €r = 4 is kept on the lower plate find the capacitance of the set-
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up. If a voltage of 100 volts is applied across the capac

(5M, CO1, Understand)

Find the capacitance of a parallel plate capacitor with dielectric, mica filled between plates. The
relative permittivity (€..) of mica is 6. The plates of the capacitor are square in shape with 0.254 cm

1 side. Separation between the two plates is 0.254 cm.
(5M, CO1, Understand)
Find the total charge on the sheet, when the finite sheet 0 <x <1, 0 <y <1 on the Z=0 plane has a
3
12 charge p. = xy(x? + y? + 25)2 nC/m?
(5M, CO1, Understand)
Find the current passing through hemispherical shell of radius 20 cm, if J = T_13 (2cosf a, +
13 sinf ag )A/m?
(5M, CO1, Understand)
Find the force on a charge of -100mC located at P (2, 0, 5) in free space due to another charge
14 300uC located at Q (1, 2, 3).
(5M, CO1, Understand)
Find the electric field strength, E at The origin, a charge of -0.3mC is located at A (25, -30, 15) cm
15 and a second charge of 0.5mC is located at B (-10, 8, 12) cm.
(5M, CO1, Remember)
Unit-2
S. No Question
Find H at (0, 0, 4), when a Circular loop located on x> + y> =9, z = 0 carries current of 10A
1 along a,
(5M, CO2, Understand)
) E=10Sin(ot-fz)ay,V/M in free space, determine D, B, H.
(5M, CO2, Understand)
What is the magnetic field, H in Cartesian coordinates due to z-directed current element? Find
3 Jif I=2A.
(5M, CO2, Understand)
Find H at P (2, 3, 4) if there is a current filament on the z-axis carrying 8 mA in the a,
4 direction. Obtain an expression for the magnetic field intensity due to an infinite current
element directed along origin.
(5M, CO2, Understand)
Find the conduction current density at point (2, 0, -1) meters and Find the current enclosed by
5 a square loop y=1, 0<x<1, 0<z<I.In a conducting medium the magnetic field is given as, H=
v’z ay + 2(x+1)yz ay — (x+1) 72> a,
(5M, CO2, Understand)
Calculate the magnitude of the magnetic flux density at (1, 1, 1). In a current free region of
6 relative permeability 1, the magnetic scalar potential is given as Vim=x?y+ y*x+z.
(5M, CO2, Understand)
Determine the total flux around the coil in a circular coil of radius 2.0 cm is in a magnetic flux
7 density of 10wb/m?, if the plane of the coil is perpendicular to the field.
(5M, CO2, Understand)
] Determine B and displacement current density. In free space D = Dy Sin (wt +f3 z) ay.
(5M, CO2, Understand)
9 Calculate D, Jp. In free space E=cos(wt-50x)a, V/m




(5M, CO2, Understand)
Find the electric flux density and volume charge density if The electric field E=X?a,Whose in
10 a medium &=2.
(5M, CO2, Understand)
1 Find H at (0, 0. -1) cm of a thin ring of radius 5 cm is placed on plane z =1 cm so that its
center is at (0, 0, 1) cm. If the ring carries 50 mA along a,
Find the current density J in the both the regions (r<a and r>a) of a long straight conductor
. with radius ‘a’ has a magnetic field strength H = UI; a; within the conductor (r<a) and H =
ﬁ a; outside the conductor (r>a).
(5M, CO2, Understand)
Determine the magnetic flux for the surface described by (i) p=I m.,0 < @ < % (i1) a sphere
13 of radius 2 m. If the magnetic field is of the form H = % cos@ a, A/m
(5M, CO2, Understand)
Find the flux density at the center of a square loop of 10 turns carrying a current of 10 A. The
14 loop is in air and has a side of 2 m.
(5M, CO2, Understand)
B) Find B at (-1, 2. 5) of a current distribution gives rise to the vector magnetic potential A =
15 | x*va,+ y*xa, — 4xyza, Wb/m
(5M, CO2, Understand)
Unit-3
S. No Question
Determine the propagation constant and intrinsic impedance of the medium, if £, = 9, u= po
1 for the medium in which a wave with a frequency f=0.3 GHz is propagating when ¢=0.
(5M, CO3, Apply)
Calculate the frequency and permittivity of the medium when The wavelength of an x-directed
) plane wave in a lossless medium is 0.25 m and the velocity of propagation is 1.5 X 1010 cm/s.
The wave has z-directed electric field with an amplitude equal to 10
(5M, CO3, Apply)
Calculate the Phase constant, Phase Velocity and Equation for Hz, if Ez = Hy=0, for a uniform
3 plane wave travelling in a X-Direction in the free space Ey=10Sin (210%-Bx).
(5M, CO3, Apply)
Calculate the following the average power if the magnetic field intensity (H) has a magnitude
4 of 5 mA/meter in a medium defined bye, = 4, u, = 1.
(5M, CO3, Apply)
Calculate the 1) Velocity of Propagation ii) Intrinsic impedance in free space an in Material iii)
5 Wavelength in free space in material, when f=1GHz, an EM Wave Propagated through a
material p, =5 and g, = 10.
(5M, CO3, Apply)
MID- 2
Unit-3
SNO Question
6 Determine the (i) magnitude of the electric field for the plane wave in free space (ii) magnitude of
the electric field when the wave propagates in a medium which is characterised by 6 = 0, u= o




and € = 4&,When the amplitude of the magnetic field in a plane wave is 2 A/m
(5M, CO3, Apply)

Calculate the Depth of penetration, of an EM wave in copper at f = 60 Hz and f = 100 MHz for
copper 6 =5.8 X 10’ mho/me, = 1,u. =1

(5M, CO3, Apply)

Determine the angle by which E tilts as the wave crosses the boundary when an EM wave

travelling in free space incidents on a dielectric medium with relative constant is 2 at an angle
459,

(5M, CO3, Apply)

(1) Determine the Phase Velocity of the wave (ii) Amplitude and Direction of magnetic field
intensity If the electric field E has only a 'y' component with amplitude of 20 V/m. A plane wave
travelling in +ve X-direction in a loss less unbounded medium hav

(5M, CO3, Apply)

10

Determine Maximum Energy Density in a medium defined bye,. = 4, u,, = 1. when given an
electric field E is 942.5mV/meter, and magnetic field H is 5 mA/meter.

(5M, CO3, Apply)

11

Determine the average power density absorbed by copper if a plane wave with a frequency of 2
MHz is incident upon a copper conductor normally. The wave has an electric field amplitude of E
=2 mV/m. Copper hase, = 1,4, = 1 and 6=5.8 X 10" Q/m

(5M, CO3, Apply)

12

Determine (i) The Intrinsic Impedance, (ii) the Propagation Constant, (iii) the Phase Velocity for
a Dry ground has a conductivity of 5 X 10 mhos/m and relative dielectric constant of 10 at a
frequency of 500 MHz.

(5M, CO3, Apply)

13

Determine the displacement current density and conduction current density if the same field
exists in a medium whose conductivity is given by 2.0X103mho/cm and electric field strength of
a radio broadcast signal at a TV receiver is given by E = 5.0cos(wt

(5M, CO3, Apply)

14

Determine the magnitude of the electric field. When the amplitude of a magnetic field in free
space is 10mA/m.

(5M, CO3, Apply)

15

Determine B, H, D for an electric field in a medium which is source-free is given by E =
1.5cos(10%t — Bz)ay V/m, where En, is the amplitude,  is the angular frequency and j is the phase
constant.

(5M, CO3, Apply)

Unit-4

Question

Find the inductance and capacitance of the line if a transmission line with air as dielectric has Zy =
50Q and a phase constant of 3.0 rad/m at I0MHz.

(5M, CO4, Remember)

Find R, L. G, C and wavelength at 0.1 GHz. If a transmission line in which no distortion is present
has the following parameters Zo=50 Q a = 0.02m", v=0.6vy

(5M, CO4, Remember)

Find the characteristic impedance of the line when a copper coaxial line has an outside tubing of
thickness 1.8 mm and its outside diameter is 30mm. The thickness of the inner tubing is 1.0mm




and its outside diameter is 8§ mm.

(5M, CO4, Remember)

Find the characteristic impedance for sections of a line 10 metre long and 500 metre long, if
lossless transmission line used in a TV receiver has a capacitance of 50pF /m and an inductance of
200 nH/m.

(5M, CO4, Remember)

(1) Find the time delay for a cable 1 m long, (ii) propagation velocity, and (iii) propagation delay
over a cable length of 10 m. If a signal of 30 MHz is transmitted through a coaxial cable which has
a capacitance of 30 pF/m and an inductance of 500 nH/m

(5M, CO4, Remember)

Find the Characteristics Impedance and Propagation Constant of the line when A high frequency
line has the following primary constants L=1.2mH/Km, C=0.05uF/Km. R = G = negligible.
(5M, CO4, Remember)

B) Find the Phase Constant and the Reflection coefficient of a line of length 50 m. Characteristic
Impedance Zop is 50Q and wavelength on the line is 0.45 m of lossless transmission line is
terminated in a load impedance of 30-j23Q.

(5M, CO4, Remember)

Find the Propagation Constant and Intrinsic Impedance of the medium when 6 =0. If &, =9, u = o
for the medium in which a wave with a frequency of f= 0.3 GHz is propagating.
(5M, CO4, Remember)

Find out i) Propagation velocity  ii) Phase constant at an operating frequency of 100 KHz iii.
Characteristic impedance of the line when a lossless transmission line of length 100m has an
inductance of 28 uH and capacitance of 20nF.

(5M, CO4, Remember)

10

Find out the characteristic impedance of the line when a two-wire open air line, whose diameter is
2.588 mm, is used in several applications and the wires are spaced at 290 mm between the centres.
(5M, CO4, Remember)

11

Find the Capacitance C per unit length A lossless transmission line has a characteristic impedance
of Zo =75 Q and inductance L = 300 nH/m.

(5M, CO4, Understand)

12

Find the phase constant 3 of given a transmission line has a propagation velocity Vp=2 X 10% m/s
and operate at frequency f= 100 MHz.

(5M, CO4,Remember)

13

Find the normalised impedance magnitude for a transmission line which is terminated in a
normalised Impedance Z,, VSWR = 2.

(5M, CO4, Remember)

14

Find the inductance per unit length L and capacitance per unit length C of a lossless transmission
line has characteristic impedance Zois 60Q and a propagation velocity Vpis 2.5 X 108 m/s.
(5M, CO4,Remember)

15

Find the inductance and capacitance of the transmission line with air as dielectric has Zo=50W and
a phase constant of 3.0 rad/m at 10 MHz.

(5M, CO4,Remember)

Unit-5

Question

Calculate the reflection coefficient and standing wave ratio if a low transmission line of 100Q
characteristic impedance is connected to a load of 300Q




(5M, COS, Apply)

Determine the input impedance and corresponding reflection coefficient value at 25A away from
load if a transmission line of characteristics impedance 50 ohms operating at 1GHz is connected to
the load impedance of 50+j75 ohms

(5M, COS, Apply)

Determine the input impedance of 75 Q lossless transmission line of length 0.1A when the load is a
short.

(5M, CO5, Apply)

Determine the reflection coefficient and VSWR if a transmission line of 2000Q characteristic
impedance is connected to a load of 80022

(5M, CO5, Apply)

Analyze the reflection coefficient and standing wave ratio. A low transmission line of 100
characteristic impedance is connected to a load of 300Q.

(5M, COS5, Analyze)

Determine the centre-to-centre spacing in air for a transmission line with a characteristic
impedance of 300 Q. designed to feed a 90 Q load using a quarter-wave transformer. The line is
constructed with conductors in the form of tubes, each having a diam

(5M, CO5, Understand)

Determine the VSWR., Reflection Coefficient and Input Impedance of a transmission line which is
connected to a load impedance of ZL = (100 - J40)Q. The characteristic impedance of the line is
50 Q then the operating frequency is 3MHz and length is 2.5¢cm (U

(5M, COS, Apply)

Analyze L and C values at a frequency of 80 MHz, a lossless transmission line has Z¢=300Q and
wave length of 2.5m.

(5M, CO5, Analyze)

Design a stub to match a transmission line which is connected to a load impedance of Z; = (450 -
J600) Q. The characteristic impedance of the line is 300 Q then the operating frequency is 20MHz
(Using Smith Chart)

(5M, COS, Apply)

10

Discover the position and the length of a series open-circuit stub required to match the 50 Q
transmission line is connected to a cellular phone antenna with load impedance Z; = (100 + J80) Q
(Using Smith Chart)

(5M, CO5, Analyze)

11

Inspect effective area of a Hertzian dipole operating at100MHz.

(5M, CO5, Analyze)

12

Determine the Voltage Reflection Coefficient, Voltage Standing Wave Ratio and Input Impedance
of the line of a transmission line of length 0.40A has a characteristic impedance of 100Q and is
terminated in a load impedance of 200 + J180Q (Using Smith Chart

(5M, COS, Apply)

13

Determine VSWR, Reflection Coefficient and Find distance from the load to the first voltage
minimum of transmission line with a characteristic impedance Z0 = 50Q is connected to load
impedance Zi = (120+j90)Q (Using Smith Chart)

(5M, COS5, Apply)

14

Determine VSWR, Reflection Coefficient and input impedance at 0.15A distance toward the
generator of transmission line with a characteristic impedance Zo = 60Q is connected to load
impedance Z; = (30-j40)Q (Using Smith Chart)

(5M, COS, Apply)

15

Determine Reflection Coefficient, Voltage Standing Wave Ratio and input impedance at 0.2A from
the load of transmission line with a characteristic impedance Zo = 75Q is connected to load
impedance Z; = (50+)25) Q (Using Smith Chart)

(5M, COS, Apply)




Problems Solutions Document




UNIT-1

1) Calculate the electric force on a 10nC charge located at (0, 3, 1) point. Point charges ImC and -
2mC are located at (3, 2,-1) and (-1,-1, 4) respectively.

Solution:
— 0 & P
F = ;
iz e, ;Q'“ F-7[
_tox10®| | (3a+a, 42 (3 +da, 33

— | 1x - 2x1 ;
iy (Vo+1+4) (M)

€,=8.854x107"* and n=3.14

= 90[(_35'r ta +2[72)x 10 107 (ZF{T +8a, —653)}

52.38 132.57

3 _( -3 2 j _ ( | 8 J _( 2 6 J
=90x107 | a, = +a, — +a, +
“\52.38 13257 "L 5238 132.57 "1 52.38 132.57

= 90x107[0.0723@, —0.0413a, +0.08347, |

= —0.0065a, —0.0037a, +0.0075a, N.

2) (1) Find the force on a 1 nC point charge located at ax- 3ay + 1a,. (ii) Find the electric field E at
ay - 3ay + la, . Point charges 5nC and -2nC are located at 2ax + 4a, and -3ax + 5a, respectively.

(a) We know
0 ¢ 7T
= Z Ok . 3

dr e, ko ‘F_FK

(-a,—-3a,+3a,) 2(4a,-3a,+2a,)

=107 x9x10”x107| 5 = .
(Vie+9+4)

gl o [ =D 8 - 6 A .
=9%10~ | @, s T + +a, -
“182.81 156.169) -\ 82.81 156.169 "1 82.81 156.169

(Vi+o+9)
= 9x107[ @, (-0.112)+a, (-0.143)+,(0.155) |

= -1.008a, —1.287a, +1.395a, nN

(b) E=— hereQ=1nC

Q| M

E=-1.008a,—1287a,+1.395a, V/m

3) (i) Find D at (2, 90°, 0). (ii) Calculate the work done in moving a 10uC charge from point A (1,
309, 120°) to B (4, 90°, 60°). Given the potential V=(10/r?) SinOCos¢




E=-VV
Since V is given in spherical co-ordinate system, consider V' in spherical co-
ordinate system

= F‘v_ 1 Pv 1 ov_
w E=—a, +-— —ay
or roH rsin@ op *
11 _ 1 10sin@(—sing) _
—(10(—2?‘“3)bm9cos¢a OCOSHCOW ay +— (, ¢)aéj

r r? rsind = ‘
110 1 10sin@(—sin

= —(10(—21’ )sm Ocosga, + coq?cowﬁ% +— (, ¢)E¢]
r re rsind

3 a() + I"3

20si s¢p _ —10cos@cos¢p_  10sing _

=( OsmO}cosqﬁ 74 0cos@cos ¢ Osm¢a¢]
r r

= l—(23in()cos¢c7, —cosfcosga, +sin¢c7¢)

r

P=Fe,

_ 8.825xl()'”[

2
'~

wl o

2sinfcosga, —cosfcospa, +sin¢c7¢]

8825x10—“

)

[2.1.12,-0+0]

D2, % 0)=221a pC/m?
2

B
(b) Work done = —Q[ E-dL =0 (V)

A

=

=Q(Vs=Va)
7,=201 203125 v
16 2
v, ?%(—0 5)=—5x0.5=-25V

Ve—V,4=2.8125V

W=107x10x (V3 —V,)=28.125mJ
4) Find the volume charge density at any point in space when the electric flux density is given as
D=x"a,— x%y a,




p, =V -D
o . 9 8, .

——— L+ L

o= 5z &) (")y() )

R C/1

5) Point charges Q1 and Q2 are respectively located at (4, 0,-3) and (2, 0, 1).If Q2 = 4nC, find Q1
such that. i. The E at (5, 0,6) has no Z-component. ii. The force on a test charge at (5, 0, 6) has no
X-component.

Solution
We have F = O
47 & I\Zl |I —zAI
@ E F 1| 0(5,0,6)-(4,0, 3)| 4x1077((5,0,6) - (2,0,1)|
a —
Q 4re (\/|+x|) (\/9+25)

Given E has no Z — component, considering only Z components on both sides
1| 0%9 +4x109><5
el () ()

0O, x9 __4x10_°x5

(&) ()

3
0O, -2 4 nC=-8.3nC
91VI17

(b) Given the force on test charge has no X-component
0= 0 0, +4><l()_9><3
wali) ()

0 _4x10_9x3

(&) (v3)

3
Q= —12[@} nC =-44.95nC




6) Find the total current I, When Apply Gauss’s law to derive the boundary conditions at a
conductor-dielectric interface. In a cylindrical conductor of radius 2mm, the current density varies
with distance from the axis according to J = 10.3 A/m?

Solution:

A=7r =m(2x107%)? =7 x4 x 107% = 47 x 107" m?
I —10.3 x 47 x 1079
I —4127 % 10°%A

I~12043 x10°°A

I ~129.43 pA

7) Find the energy in the system, when three point charges -1 nC, 4 nC and 3 nC are located at (0,
0, 0), (0,0, 1) and (1, 0, 0) respectively.

=0+ QaVa+ Qs(Vy+Vi)

00 0[ 0 0
T d4rey|n —r,| 4r g, |r3 —r,| |r3 -1y
:#[QIQ’ +QIQ? +%]
4r g, - ’ \/5

:%(4—%3}10 '
10° J2
4

367

12
=9(——7] nJ=13.37n]

V2

8) Find the potential at (1, 0, 1). Assuming '0' potential at infinity. Two point charges - 4uC and
5uC are located at (2, -1, 3) and (0, 4, -2) respectively.

Solution
V = O + 0,
4r €, |r - r,| 4r e, |r -1
V= —4 x 10 6 N 5 X ]O 6
47 €, |(1,0,)—(2,-13) 47 e,|(1,0,1)—(0,4,-2)
Simplifying, we get

V=-5872kV




9) Find the potential at point (2, 3, -4) A line charge pr= 400 pC/m lies along the X-axis. The
surface of zero potential passes through the point P (0, 5, 12).

The general equation for the potential difference due to a line charge along the X-axis is:

Rgp
L dL
Vap = — / -
271‘6() R4 R

* R is the radial distance from the line charge to the points A and B,
* dL is the differential length along the line charge,
* pr is the line charge density,

o €)= 8.854 x 107'2F/m is the permittivity of free space.

Distance R 4 from the line charge to point A(0, 5, 12):

Ri—vV02+52+122— /25 + 144 — /169 = 13m

» Distance Rp from the line charge to point B(2, 3, —4):

Rp— /22 + 32+ (—4)2 = V29 ~ 5.39m

Formula for Potential Difference: The potential difference between points A and B due to the line

charge is given by: Vig — — PL In (_4)
27(6[) RB
—-12 ‘
Substitute Known Values: V,p — — 400 x 10 — In 1—3
’ 2m(8.854 x 10-12) 5.39

.

5.39

Calculating the logarithmic term: 1n ( ) = In(2.411) ~ 0.878

400 x 1072
27(8.854 x 10-12)

Vap = —7.2x0.878 = —6.31V

7.2

10) A parallel plate capacitance has 500mm side plates of square shape separated by 10mm
distance. A sulphur slab of 6mm thickness with € = 4 is kept on the lower plate find the
capacitance of the set-up. If a voltage of 100 volts is applied across the capacitor, calculate the
voltages at both the regions of the capacitor between the plates




Area of parallel plates, A = 500 mm x 500 mm = 500 x 500 x 10°° m®.
Distance of separationd = 10 mm =10 x 10 *m.

Thickness of sulphur slabd,= 6 mm =6 x 10 Sm.

Relative permittivity of sulphur slab €, =4.

Voltage applied across the capacitor V = 100 V.
Here the capacitor has two dielectric media,
One medium is the sulphur slab of thickness (d,)6 mm,

since the distance between the plates(d) is 10 mm

The remaining distance is air d, =d —d, =4 mm.
The other dielectric medium is air with thickness (d, ) 4 mm.

The capacitance of the parallel plate capacitor with two dielectric media is

c=—21 _§
i d,
e =

n n




Here €, (a)=1, €,=¢€,=4

- 8.854x107* x500% 500x10°°

G : :
[4x10' 6><IO"J
+

=0.402 nF

I 4
The charge Q = CV =0.402 x 10°x 100=4.02 x 10* C

The value of capacitance (C)) in delectric-1 1.¢., air is
e A 8.854x107% x500x500x10°°

C= - =0.55 nF
d, 4x107
The value of capacitance (C)) in delectric-1 1.e., air is
¢ = €A _ 8.854x1072 x500%500x10°° SRR

d, 4x107°

Similarly, The value of capacitance (C;) in delectric-2 i.e., sulphur is

12 6
C226A24x8.854x10 XS?OXSOOXIO 148 1F
d, 6x107

Wehave V=V,+V,

Where V) is the voltage at the region of the capacitor plate near dielectric-1 i.e., air.

and V, is the voltage at the region of the capacitor plate near dielectric-2 i.e., sulphur.
0 0 402x107

==X —~=73.1V
C, C 055x10
V,=100-73.1=269V

11) Find the capacitance of a parallel plate capacitor with a dielectric, mica filled between plates.
Relative permittivity (€,) of mica is 6. The plates of the capacitor are square in shape with 0.254
cm side. Separation between the two plates is 0.254 cm.

€A
Wehave (= 4
d

Here  e=¢,e,=8.854x10"" x6

8854107 x6x0.254x0.254x10™

¢ ;
0.254x10°°

=0.1349 pF




12) Find the total charge on the sheet, when the finite sheet 0 <x <1, 0 <y <1 on the Z=0 plane
3
has a charge pg = xy(x? + y% + 25)z nC/m?
Solution
(a) dQ=p.ds
Q= J.p_\ds

= 312
= I j.\;\»‘(.\'“+_v'+25) ndxdy

rv=[) )':”

1- ! / 3/2
=n|x J' (.\" +y° +25)
0 y=0 '

d( yz )dx

b | —

-
€

= %[102275.868 136 —179240.733942 + 78125]

0=33.15nC

13) Find the current passing through hemispherical shell of radius 20 cm, if J = % (2cos8 a, +
T
sinf ag )A/m?

Solution




[:Ij.cE

Since it is sphere d5 =r’sinf@d0dgpa,

(a) ¢=0to2rn, =0 to n/2 and » = 0.2 m for hemispherical shell
¢ 1 N _
I= I I —(2cos@a, +sinba,)-r°sinddfdgpa,a

= lj j 2cos@sin@dOdg
" 4=06=0
l 2x T/:

= = j j sin20d6d¢

’ 0=06=0

1 % [—cos207""
) [ 2 } “
$=0

0

| 27
= ——(=1=1)(27)= =10r=31.44
21'( )( /T) 0.2 d

14) Find the force on a charge of -100mC located at P (2, 0, 5) in free space due to another charge
300uC located at Q (1, 2, 3).
Solution:

Rs = R; — Ro

P(2,0,5) = Ry = 2i + 5k

Q(1,2,3) = Ry — i+ 2j + 3k

Ro; = (20 + 5k) — (12 + 25 + 3k) =1 — 25 + 2k

Roil = v(1)2+ (-2)2+ (22 =vV1+44+4=v9=3m

. Ry 1-2j+2k

Ro | 3
1 Q,0Q-

Foy — 21 Ji,h
4mey |Roy |2

Where € is the permittivity of free space (ep — 8.854 x 10712 F /m).




1 (—100 x 107)(300 x 107) y i—2j + 2k

F‘ h p G
AT gr <8854 x 102 32 ;
100 % 300 x 107 1. . .
Fa = ' x (1 =25+ 2k
1 8 esdx 102 g 32T
—30000 x 10712 1. ..
Fy — Lo on of
21 47r><8_854><10—12X9x3(Z 7+ 2k)
—30000 1. .
Fau —(i—2j + 2k)

A r < 8854x9 3

1 .
. ~ _: 4 7 7 v
Fa ~ —3 x 10* x (%W) x (z 21+2k)

v 1 . . .
Fgl = -3 x 104 X (3671’) X (Z — 2] + 2k)

Foy ~ —3 x 10% x (% Py 21}) /36

15) Find the electric field strength, E at The origin, a charge of -0.3mC is located at A (25, -30, 15)
cm and a second charge of 0.5mC is located at B (-10, 8, 12) cm.
Solution:

Q1= —0.3mC = —0.3 x 107° C at A(25, —30,15) cm = (0.25, —0.30,0.15) m
Q2 — 0.5mC — 0.5 x 107* C at B(—10,8,12) cm — (—0.10,0.08,0.12) m

Distance from the Origin:

For Q1:
Ry —(0—0.25,0 — (—0.30),0 — 0.15) = (—0.25,0.30, —0.15)
Ri1? = 0.25% + 0.30% + 0.15% = 0.0625 + 0.09 + 0.0225 = 0.175
Ri® = (0.175)%2
For Qa:

Ry — (0.10, —0.08, —0.12)

Rs|® = (0.0308)%2

(0.175)3/2 (0.0308)%/2

- 1 —0.3x1073 , , . 05x1073 o
E — 5 I: - (—0.25,0.30, —0.15) + sheas (0.10, —0.08, ~().12)]
TE(

Then,

3 . o] —0.3 x 1073 o . 05x107% L
E—=9x10 01T (—0.25,0.30, —0.15) + (0.0308)% (0.10, —0.08, —0.12)
1io)%° U.0¢ e




UNIT-2

1) Find H at (0, 0, 4), when a Circular loop located on x> + y> =9, z = 0 carries current of 10A
along a,

Solution

Here p=3, h=4and =10 A

- lO 3 2z
H= , -a. | d¢
4”(33+43)§' ( I[(
= (0.36a. A/m

Similarly H (0,04 = H 0,0.4) =0.36a- A/m

2) E=10Sin(ot-fz)ayV/M in free space, determine D, B, H.
Given:

-t

E = 10sin(wt — B2) a,
Medium: Free space

In free space:
o ¢y — 8.854 x 1071 F/III
o pg=4m x 107" H/m

o 10— /po/€o = 37T Q (intrinsic impedance of free space)

e

D —eyE

D= 8854 x 10710 sin(wt — Bz) ay = 8.854 x 107 sin(wt — fz) ay Cy,/m2
] E a 10 1 q .l ~
= %GI 377 sin(wt — fz) a, ~ 0.0265 sin(wt — fz) a, A/m

B = poH = 47 x 1077 - 0.0265 sin(wt — B2) &, ~ 3.33 x 10 sin(wt — B2) é, T

3) What is the magnetic field, H in Cartesian coordinates due to z-directed current element? Find J
if [ =2A.

=i
27Tpao




Where:

o p = +/x? + y% radial distance from wire

* a4 tangential unit vector in the x-y plane

T
o= —2a, + —a,
p p
~ I Y T I
H(z.y)— — | —=a, + —a, | = ~ (—ya, + xa,
p=+z?>+y?and I = 2A:
H(z,y) = ——— (~yas +2d,) A/
€T, = T, o . o\ \— T T a, /1m
y 7T(.'E‘2+‘y2) ya‘ ay /

.f—Vxﬁ

4) Find H at P (2, 3, 4) if there is a current filament on the z-axis carrying 8 mA in the a, direction.

Obtain an expression for the magnetic field intensity due to an infinite current element directed
along origin.

. © Idl x R
H —
/:  4mwR3

o0
Vector Setup:

o dl—dza,
o R=7—7 = (2, + 3a, + 4a.) — (0, + 0a, + 2a.) = 24, + 3a, + (4 — 2)a.

Cross Product:

dl x R = dza. x (2a, + 34, + (4 — 2)a.) = dz(2a, — 3a,)

Integral:

- I [ (2ay— 3a:)dz I x .
H=_— - ‘ — —(2a, — 3a, 4z
4 /_x [(z — 4)2 + 22 + 32)3/2 17 28y — 302) /_ NEESTIR

Integral Evaluation: Standard result:

o0 d: ¢
/ 3B = 3 fora = V13

< (22+a2)32  a

Final Expression: [ — L(Q&u 3a.)




Substitute ] — 8 mA:

. 8x 107
H=22" (94, 34,) ~ ~204d, + 1964, pA /m

26m
5) Find the conduction current density at point (2, 0, -1) meters and Find the current enclosed by a
square loop y=1, 0<x<I, 0<z<1.In a conducting medium the magnetic field is given as, H= y?z ay +
2(x+1)yz ay — (x+1) z* a,
We have current density J =V x H

a @4, & a, a a,
7 0 0 O 0 0 0
ox Oy 0z| |ox 0) 0z

9 b

H, H, H| |y’z 2(x+1)yz —(x+1)z°

J==2 2(x+1)ya, +(z +\' )a A/m
‘7(1,0.—3) =9‘7_\- A/n12

Current is /= I J.ds | hereds = dxdza,

[ = j (—2(.r+ )ya, +(z* +y* )(7_‘.)11.\- dz a,= j dx j (z* +y*)dz=133 A

§

6) Calculate the magnitude of the magnetic flux density at (1, 1, 1). In a current free region of
relative permeability 1, the magnetic scalar potential is given as Vip=x%y+ y*x+z.

=
{ 1'\'———0\3'* 3 1(’73\3*—\;’1*—})

R o ('1%\3-\-\1’)Q1 = (Craxy )y - (W02




maghitude of magnewc fluw densiy ,

B = Moly y
(' Mo =4wn x\o':'")
NEwcwts

“ B =gs.5u7

7) Determine the total flux around the coil in a circular coil of radius 2.0 cm is in a magnetic flux
density of 10wb/m?, if the plane of the coil is perpendicular to the field.

= YuxWw x| x

Solution The flux density = 10 wb/m’

Area of the coil, S =
=1 x (2.0 x 107%)?
= 4xn x 107
Total flux, d6=B.S
As B and S are in the same direction,
B.S=BS

=10 x 4n x 10~

¢ = 12.56 mwb

8) Determine B and displacement current density. In free space D = D Sin (wt +f3 z) ax.

From the equations in the image: D — ¢y E

Thus, the electricfield Eis: B — lD
€0

Substitute the aiven expression for D
1
E - _Dyn SiIl(OJt + ﬁZ)&f
€0
Maxwell's third equationis: V x E — _(?_B
: ot
E = —D,,sin(wt + Bz)a.,
€0




Now, calculate the curl of E. Since E only has a component along the a, direction, the curl simplifies
.0
VxE= a,—

1
— D, sin(wt + ,Sz)) =0
()y €(

Thus, the curl of E is zero, and we can conclude that B is related to E by the equation
1

B = —D,, sin(wt + z)a.
€0

From the relations, we determine: B —

D,, sin(wt + Bz) .
a-
€0 i
oD
Ji— —
T
Taking the derivative of D:  Jg

= 5; (Dmsin(wt + B2)a,)
Ja = Dpw cos(wt + fz)a,
Thus, the displacement current density is: Jy; — D, w cos(wt + Bz)a,

9) Calculate D, Jp. In free space E=cos(wt-50x)ay V/m
= E()E

D = gy cos(wt — 50z) a,

D — 8.854 x 102 cos(wt — 50z) &, C/m”

; 0D OE
T T o

. OE ‘
E = cos(wt — 50z) = B - Y sin(wt — 50z)

Jg = —gow sin(wt — 50z) ay

Jg = —8.854 x 107 w sin(wt — 50z) &, A/"m2

10) Find the electric flux density and volume charge density if The electric field E=X?a,Whose in
a medium &=2.




 Electricfield: B _ 325  V/m

e Medium with relative permittivity: &, — 2
 Free space permittivity: £, — 8.854 x 102 F/m

e Soie—g,-50—2x8.854 x 1071 = 1.7708 x 107" F/m

—

D =¢E = (1.7708 x 107) 224, C/m’

D = 17708 x 10" "2%4, C/m’

From Gauss's Law (differential form):
Pv = V. ﬁ

Since D = D,(z) @, only partial with respect to z matters:

9D, 0 |
— (') E )L (1,7708 X 10—111-2) —9XL7TT08 x 10~z — 3.5416 x 10~z
ox ox

Pv

po = 3.5416 x 10z C/m’

11) Find H at (0, 0, -1) cm of a thin ring of radius 5 cm is placed on plane z =1 cm so that its
center is at (0, 0, 1) cm. If the ring carries 50 mA along a

A thin ring of radius 5 cm is placed on plane z = 1 ¢cm so that its center is at (0, 0, 1) cm.
If the ring carries 50 mA along a;. Find H at

(@ (0,0,-1)cm

Solution
(@) Herep=5cm,h=2cmand=50mA
2 I
We have H = Lp~a

2[/)2 N ]3/2

50x107° (5x107%)* @,

H = 32
2[(5x107)* +(2x107)’ |

_ 125a

H=—""
2[29]"

H =400a. mA/m




12) Find the current density J in the both the regions (r<a and r>a) of a long straight conductor
with radius ‘a’ has a magnetic field strength H = 271% ag within the conductor (r<a) and H = # ag

outside the conductor (r>a).
In cylindrical coordinates, for a purely ¢-directed field H = H(7) ay, the curl is:

we have J =V x H

. Ir _ ..
Given H = —a, within the conductor (r < a)
2ra”

which has cylindrical symmetry, here p =r,

a, ra; a,
- — 1|¢ 0 0
J=VxH=—— — —
rior o¢ oz
H, rH, .
a, ra, a
1|0 c c I _ 5
=—|— — —|=—a, A/m“
A ~ - 27z
r|or o¢ oz| ma
Ir
0 r - 0
2ra”

: — 1 _ : .
And also given H =-——a, outside the conductor (r > a)

2xr
a, rag; a,
- 1|0 c c E
J=-|— = Z|=0A/m’
-~ -~ -~
rior o¢ oz
/
0O r— 0
2rr

13) Determine the magnetic flux for the surface described by (i) p=1m., 0 < @ < g (i1) a sphere
of radius 2 m. If the magnetic field is of the form H = % cos® a, A/m

Solution:




We have magnetic flux y = IE.(E = ,uOJ-f—I ds
(a) here ds = pdgdza, (cylindrical symmetry)

| d= | cosgdg=24,=25.13x107 Wb
=0 ¢=0

1
W= U, j ; cosga,.pdgdza, = u,

(b) here d5 =r’sin@dOdga, (spherical symmetry)

o
N

L, _ o
W= ,u,,j—cos ga, r-sin@dldga, = u,r j sin@d @ .[ cosgpdg =0 Wb
s 7 6=0 ¢=0
14) Find the flux density at the center of a square loop of 10 turns carrying a current of 10 A. The

loop is in air and has a side of 2 m.
Solution

N2 _

a.
Ta

We have H =

. T~ IN2 _
". magnetic flux density is B = Ma:

ra
Here no. of turns N = 10

Total current I = N x current in each turn

[=10x10=100 A

and a=1m
— 2
5 14,1005/2 -
axl
§ - 4mx107 x1002 a. =56.569ua_Tesla

axl

15) Calculate B at (-1, 2, 5) of a current distribution gives rise to the vector magnetic potential A =
x*ya, + y*xa, — 4xyza, Wb/m

a, a, a.

3 3 )

— - | 0 C &
(a) B=VxA=|— — —
Ay A Ner

ox 0 0z

o]

=a,(-4xz-0)-a, (-4yz-0)+a, (_1*2 -x° )
B=—-4xza, +4yz a,+ (_vz - x* )(7_.

2

—_ 2,

5 =20a, +40a, +3a. Wb/m’

el




UNIT-3

1) Determine the propagation constant and intrinsic impedance of the medium, if €, = 9, u= po for
the medium in which a wave with a frequency f=0.3 GHz is propagating when 6=0.

Solution The expression for propagation constant, Y is

y = Jjou(o+ joe) = jo Jue foro =0
As u, =1,€,=9,6=0, f=03 GHz

Y = j 2rx3x10° x\/4nx 107 x9x8.854x 1072

= j6mx10°x2x3 V8.854x107™" xn
= j 36mx10° x 1077 x1.66780

y =/18.8624(1/m)

Intrinsic impedance,

2 = fw_u:\ﬁ
O+ jOe €

n = ﬁzl “_Ozlxlz()n
960 3 GO 3
N =40nQ

2) Calculate the frequency and permittivity of the medium when The wavelength of an x-directed
plane wave in a lossless medium is 0.25 m and the velocity of propagation is 1.5 X 10'° cm/s. The
wave has z-directed electric field with an amplitude equal to 10 V/m. (medium has p= po).

Solution v= 1.5><1010cm/sec= 1.5><108m/s

Frequency of the wave,

v 1.5x10°%

— x = _25 10_2 == 0.06)( 1010
X

f

f =600 MHz




We have
1

1
atis \/IJ—E ) VHoEO €,
Yo

—0_-1.5x%10°

e

8
~ 3x10 5

Ve, = 15x10°

€ =4

3) Calculate the Phase constant, Phase Velocity and Equation for Hz, if Ez = Hy=0, for a uniform
plane wave travelling in a X-Direction in the free space Ey=10Sin (2105t-Bx).

Given E,=10 sin (2rt 10" t — Bx)
o =2m 10%;, B*=0’poco=(2n10%)* x 8.854 x107'* x 47 x 10’

The Phase constant 3 = 2.096
8
©_22x10 5 99x10°ms

The Phase Velocity v=—=
g 2.09

E,

We have — =377
H.

= H —ﬂsinozzlo"r—ﬂr)
e '

4) calculate the following the average power if the magnetic field intensity (H) has a magnitude of

5 mA/m in a medium defined bye, = 4, u, = 1.
m T
o (since p, = 1)

l' u
=N C T
g “Tr

Where 19 — 377 {2 (intrinsic impedance of free space):

377 37T
n = NZ =

— 188.5(2




E —nH = 188.5 x 5 x 107° = 0.9425V/m

1
(S) = ~EH
2

. ]. ’ < 2
(8) = 5 % 0.9425 x5 x 107% = 2.356 x 107 W/m"

5) Calculate the 1) Velocity of Propagation ii) Intrinsic impedance in free space an in Material iii)
Wavelength in free space in material, when f=IGHz, an EM Wave Propagated through a material

pr =5 and &, = 10.
Solution

(a) =
VHH, €€,

(b) Intrinsic impedance

; 47 x107

in free space 7= o _”x—_l,:3 762
€ 8.854x107°

in material 7= ol \/ 4nx107 = =266.39 Q
€,€ 8.854x107° x10

(c) Wavelength

=42.4 M m/s.

X 8
in free space /1=‘—‘f= 3XIOQ =3 m
i 110
. 6
in material A:‘—_:M: 424 m
f 1x10°

6) Determine the (i) magnitude of the electric field for the plane wave in free space (ii) magnitude
of the electric field when the wave propagates in a medium which is characterised by ¢ = 0, p= po
and € = 4e4When the amplitude of the magnetic field in a plane wave is 2 A/m

Solution:
Use wave impedance for free space

—
o = \-’! ’5‘—(‘)’ ~ 1207 Q2
Electric field:
E—=mny-H=120m-2 = 2407 V/m

pu=po and € = 4¢,

Y VTR IS S VTR NI
i V . \/ 7o 2\'{ - 5 1207 — 607 (2

E—=n-H=60r-2—=120rV/m

E —=120rV/m




7) Calculate the Depth of penetration, of an EM wave in copper at f = 60 Hz and f= 100 MHz for
copper 6 = 5.8 X 10" mho/me, = 1,u, = 1
Solution:

Conductivity, 0 = 5.8 x 107S/m

Relative permeability, g, — 1

Relative permittivity, £, — 1 (not needed in formula)

Use p — pg — 4w x 107" H/m

Skin Depth:
2
d — V'f— where w — 27w f
wpo
f — 60 Hz:

w =27 x 60 = 377rad/s

5=/ 2 ~
V 377 47 x 107 -5.8 x 107
f =100 MHz = 1 x 10® Hz:

8.53 mm

w = 21 x 10° = 6.28 x 10°rad/s

/ 2
o=y ' - _ ~[6.61
V 6.28 x 10547 x 107-5.8 x 10’ pm

8) Determine the angle by which E tilts as the wave crosses the boundary when an EM wave

travelling in free space incidents on a dielectric medium with relative constant is 2 at an angle 45°.
Solution:

e, = 0= 8.854 x 10" Wbh/m

€,=¢ege,=2 %8854 % 107> Wh/m

sin &,




9) (i) Determine the Phase Velocity of the wave (ii) Amplitude and Direction of magnetic field
intensity If the electric field E has only a 'y' component with amplitude of 20 V/m. A plane wave
travelling in +ve X-direction in a loss less unbounded medium having permeability 4.5 times that

of free space and a permittivity twice that of free space.
Solution

1
\/,u e \/4.5;10 2¢,

=1x10°* m/s

(a) Phase velocity v=

(b) H, :\/E E, =0.0354 A/m, it’s direction is along ‘Z’.
Ho

10)
Determine Maximum Energy Density in a medium defined bye, = 4, u, = 1, when given an

electric field E is 942.5mV/meter, and magnetic field H is 5 mA/meter.
Solution:

1 -, 1 .
W =Wgp+Wg=—cE*>+ —puH?
2 2
e—=¢cr80=4-8.854 x 107? = 35.416 x 107*F/m
p= peprg = 1-4w x 1077 = 1.2566 x 10"°H/m
Electric energy density:

1 . | . .
Wp = = -35.416 x 107 (942.5 x 107%)* = 5 35416 10712.0.8883 ~ 15.73 x 107 J/m*

Magnetic energy density:

1 . o 1 : . o
Wy = 5’ 1.2566 x 1079 - (5 x 107%)% = 5’ 1.2566 x 1070 25 x 107% ~ 15.71 x 1072 J/m"

W =Wg+ Wy —=1573x1072 +15.71 x 1072 —=|31.44 x 1072 J/m°®

W — 31.44 pJ/m3
11) Determine the average power density absorbed by copper if a plane wave with a frequency of 2
MHz is incident upon a copper conductor normally. The wave has an electric field amplitude of E
=2 mV/m. Copper hase, = 1,4, = 1 and 6= 5.8 X 107 Q/m

Solution:

Angular frequency: w — 27 f

Skin depth for a good conductor: § — . / _2
V wpo
1 E?
Average power absorbed: P,,, — - -
2 d-0




Angular frequency: w — 27 - 2 x 10° = 47 x 10° =~ 1.2566 x 10" rad/s

f 2

Skin depth: d=14/ = = — ~46.73 x 10 m = 46.73 u
naep \/ (12566 x 107) (47 x 10-7)(5.8 x 107) e H

1 (2 x 107%)?
2 46.73 x 10-6-5.8 x 107

Power density: pm,g —

Py ~ 7.38 x 107 W /m?

12) Determine (i) The Intrinsic Impedance, (ii) the Propagation Constant, (iii) the Phase Velocity
for a Dry ground has a conductivity of 5 X 10 mhos/m and relative dielectric constant of 10 at a

frequency of 500 MHz.
Solution

Given c=5x10"" mhos/m, & =10 and f =500 MHz

Attenuation constant & 21’(0/210 =2513.27

Phase shift constant f = o = 2513.27

Propagation constant ¥ = o +jB =2513.27 + 2513.27
=3554.3 £45°

Phase velocity V = % =40 Mm/s

intrinsic impedance 7 = "Lu,u = 35.543\/7
o

=35.543£45°

13) Determine the displacement current density and conduction current density if the same field
exists in a medium whose conductivity is given by 2.0X10°mho/cm and electric field strength of a

radio broadcast signal at a TV receiver is given by E = 5.0cos(wt - by)a, , V/m.
Solution:

Electric Field: EF — 5.0 cos(wt — By)a. V/m
Conductivity: o = 2.0 x 10® mho/cm — 2.0 x 10° S/m
Permittivity of free space: &£p — 8.854 x 10712 F/m

J.—oE
J. = 2.0 x 10° - 5cos(wt — By)a.

f( — 1.0 x 10° cos(wt — By)a. A/m2




. 9E

Jig— g0—

SRY

OF

ot

Jy = 8.854 x 1072 (—5w sin(wt — By))a.

= —bwsin(wt — By)a.

Jg— —4427x 107" - w - sin(wt — By)a. A/m2

14) Determine the Propagation Constant and velocity of EM Wave at 500 KHz for a medium in
which 6=0, u; =1 and &, = 15.

Solution:
Solution:
()‘ . .
——= 0 = Perfect dielectric
IX=
o=10

P=wfue =0.041
y=a+jp=0.041 £90°

. . ®
Wave travels with velocity v=— =76.624 Mm/s

15) Determine B, H, D for an electric field in a medium which is source-free is given by E =
1.5cos(10%t — Bz)ax V/m, where En is the amplitude, o is the angular frequency and B is the phase

constant.

Solution:

R
f

n= V’é =19 = 377Q (since p, — &, — 1)

-

H - Em cos(wt — Bz) a,
n
5 . | L |
H - ﬁcos(lﬂ t - Bz)a, ~ 3.98 x 10~ cos(10°t — Bz)a, (A/m)

B—pH and p— ppug—=1-47 x 1077 H/m
B =471 x 1077 -3.98 x 107 cos(10% — Bz)a, ~ 5.0 x 107" cos(10° — Bz)a, (T)
D—cE and £—c,69=1-8.854 x 1072 F/m

D — 8.854 x 1072 . 1.5 cos(10% — Bz) a, ~ 1.328 x 10~ cos(10% — Bz)a, (C/m?)




UNIT-4

1) Find the inductance and capacitance of the line if a transmission line with air as dielectric has Zo
= 50Q and a phase constant of 3.0 rad/m at 1I0MHz.
Solution:

A line with air dielectric is lossless as o=0.

R=0=Gand =0

) L
Zyg =R, =50Q = [—
0 =R, \Jc

B =0vLC ”’nf\L(.
Ry _ ,! cC _1
B /_C
C= B__ 3 =0.9549x10~"

®R, 2rx 10" x50

C =9549 pF/m

L _Ry=500
C

L =50°C =250 954.9x10 '

L =2387.25nH/m

2) Find R, L, G, C and wavelength at 0.1 GHz. If a transmission line in which no distortion is
present has the following parameters Zo=50 Q o = 0.02m™!, v=0.6vo

Solution:

For a distortionless line the condition is

RC =GL or G=XE
L
L
and Zy =.]—
"N
- C
o =\%=R\/:
L
_R
“0
and hence
Rz(l:l)
=20k 103 %50=1.0Q/m
p=2-_ Y _277nH/m

v 0.6¢< 3x10°




o 400x107°

R 1.0

G =400u mho/m

C=L:_ ! - =11L1 pF/m
vz,  0.& 3x 107 x50

i 3%10°
:B:(J.éx x 10 —18m

f 01x10’

A

3) Find the characteristic impedance of the line when a copper coaxial line has an outside tubing of
thickness 1.8 mm and its outside diameter is 30mm. The thickness of the inner tubing is 1.0mm
and its outside diameter is 8 mm.

Solution:

Solution Diameter of the outside conductor is

d, =30- 2x1.8=26.4 mm

Diameter of the inner conductor is
d, =8 2x1.0=6.0 mm

For a coaxial cable, z, is

(
z, =138 log d—lj

=138 log (264

=138 loglﬂ 440

z, =88.79Q

4) Find the characteristic impedance for sections of a line 10 metre long and 500 metre long, if

lossless transmission line used in a TV receiver has a capacitance of S0pF /m and an inductance of
200 nH/m.

Solution:

L

C

The inductance, L of the line

=200nH/m




For 10 m line,
L =200< 107 x10=2000x10""
=2x10°H
C=50pF/m

For 10 m line,
C =50 1072x10=5x10"1"F

The characteristic impedance, z,

. _\E B 2x10°°
07V C \sx1010
=/0.4x10*

The inductance of 500 m line
L =200x 107 x500
=10,0000x10~7
L=10"*H
The capacitance of 500 m line
C =50« 10712x500
=25000x107"2 =25x10™° F

The characteristic impedance, z, of 500 m line

i _\F_ 1074
Ve Va2sx107?

—0.04¢ 107* x10°

=0.4x 10° x10°

=0.4x10*

=0.632x10%

Zp =63.2Q




5) (i) Find the time delay for a cable 1 m long, (ii) propagation velocity, and (iii) propagation delay
over a cable length of 10 m. If a signal of 30 MHz is transmitted through a coaxial cable which has
a capacitance of 30 pF/m and an inductance of 500 nH/m.

Solution:

The time delay for 1 m long cable is

ty =+LC

= /(500x10™) (30x 1072

=15%107'®

t; =3.87 nsec

Velocity of propagation,

1 metre

v, = —
3.87x1077

v, =2.5839x10° m/s

The inductance of 10 metre cable is

L =500« 1077 x10=5x10"° H
The capacitance of 10 metre cable is

C =30x 1072 x10=3x10"""F

The time delay,

t; =JLC =% 10 3x107°
=3.87x107°

t(f - 38.7 ns

6) Find the Characteristics Impedance and Propagation Constant of the line when A high
frequency line has the following primary constants L=1.2mH/Km, C=0.05uF/Km. R = G =
negligible.
Solution:

* Inductance per unit length: L = 1.2 x 10~* H/km

 Capacitance per unit length: C = 0.05 x 107° F /km
e Frequency: f — 10MHz — 10 x 10°Hz
e R —=0,G = 0 (lossless line)




Characteristics Impedance:

'L [1.2 % 10-3
Zo— /= — .
0 \/(* 0.05 x 105
— /24 x 10% = /24000 ~ 154.92

Propagation Constant:

v = jwV LC
w=2xf = 2m x 10" rad/s
LC = (1.2 x 107%)(0.05 x 107%) = 6 x 107!
VLC = /6 x 10-11 2 7.745 x 107°
v = (27 x 107)(7.745 x 107°%) ~ j(48.63) per km
7) Find the Phase Constant and the Reflection coefficient of a line of length 50 m. Characteristic
Impedance Zo is 50Q2 and wavelength on the line is 0.45 m of lossless transmission line is

terminated in a load impedance of 30-j23Q.
Solution:

z, =(30 —j23)Q

z, =50Q
A =045m
| =50m

'Phase constant, B = 2)11: =13.9626 rad/m

-

Reflection coefficient, p =

p =—(0.1431+ j0.3071)




8) Find the Propagation Constant and Intrinsic Impedance of the medium when ¢ =0. If &: =9, u =
o for the medium in which a wave with a frequency of f = 0.3 GHz is propagating.

Solution:
e o — 0 (perfect dielectric)

e £ —9

* KB~ Ho
o Frequency f = 0.3GHz = 0.3 x 10° Hz

» Propagation constant: 7y = jw./lE

J
J
J

e Intrinsic impedance: 1) = \f z

Calculate w — 2wf — 27 x 0.3 x 10” — 1.884 x 10”rad/s
o pu—=pp=4m x 107"H/m

e £ —¢

ere0 =9 x 8.854 x 10712 = 7.9686 x 107" F/m

Propagation constant Y — jw+/p&
pe = (4w x 1077) x (7.9686 x 107H) ~ 1.0008 x 10~*°

VEE ~ V/1.0008 x 10-16 2 1.0004 x 107
v =7 x 1.884 x 10 x 1.0004 x 10~°
v~ j x 18.85(1/m)

/

Intrinsic Impedani:e n= \f’ £
| &

f

[ Ho
[ — =120 Q2
\/ €0
1207
0=
VEr
120
n= —Tr =407 Q

9) Find out 1) Propagation velocity ii) Phase constant at an operating frequency of 100 KHz iii.
Characteristic impedance of the line when a lossless transmission line of length 100m has an

inductance of 28 pH and capacitance of 20nF.

Solution:
Given:

» Length of line, I = 100 m
* Inductance of line, L — 28 uH — 28 x 10°5H

e Capacitance of line, C = 20nF — 20 x 107" F

o« Frequency, f — 100 kHz — 10° Hz




Per unit length:

o L'= 281(:(}(())_“ =0.28 x 107H/m

e ' =2 .20 x 107°F/m

. N . 1
(i) Propagation velocity v, = Wiile
1

Substitute values: v, = - Z
v/0.28 x 10-5 x 0.20 x 10—?

1
V5.6 x 1017

1
7.48 x 10~

vp = 1.336 x 10°m/s

(ii) Phase constant 5 — Y  where w= 2 f

Up
w = 27 x 10° = 6.283 x 10’ rad/s
_6.283 x 10°

B 1.336 x 108

B = 4.702 x 10 *rad/m

[rr
(iii) Characteristic impedance Z;, — \f %

028 x10°F
V 0.20 x 10-9
— /1400

Zl)

Zy — 37.420Q)

10) Find out the characteristic impedance of the line when a two-wire open air line, whose
diameter is 2.588 mm, is used in several applications and the wires are spaced at 290 mm between
the centres.

Solution Radius of the wire

2.588
2

-

r = = 1.294 mm

N

Spacing between the wires is s =290 mm

The characteristic impedance of the two-wire open air line is

. S 290 -
2 =276logyo— =276 log,, i 276 log,n 224.11

T =276x%2.350

Zp = 648.7 Q




11) Find the Capacitance C per unit length A lossless transmission line has a characteristic
impedance of ZO =75 Q and inductance L = 300 nH/m.
Solution:

'L L

o = \/— = (=—

0 C Z2
300 x 107 300 x 10~

(75)? 5625
C = 53.33 pF/m

= 53.33 pF/m

-

12) Find the phase constant 8 of given a transmission line has a propagation velocity Vp=2 X 10%
m/s and operate at frequency f= 100 MHz.

Solution:
. . ) w
Given the relation: vp = d - [ = —
8 ‘ v
P
. . . 2nf
Since w = 2 f, we substitute: [ = ——
v,
Substituting the given values:
o f =100 x 10°Hz
e v,=2x10°m/s
. 21 x 100 x 10° .
Thus: g — = wrad/m

2 x 108

8 = mwrad/m

13) Find the normalised impedance magnitude for a transmission line which is terminated in a
normalised Impedance Z,, VSWR = 2.
Solution:

Normalised impedance, z,

, =L
20
5 =VsSWR=2=*1P!
1- Ipl
S—1 2-1




lz, | =2

14) Find the inductance per unit length L and capacitance per unit length C of a lossless
transmission line has characteristic impedance Zo is 60 and a propagation velocity Vpis 2.5 X 10%

m/s.
Solution:
|’f l
Zy = \/— and v, = ——
0 C ) —
1
v?
vp = 2.5 X 10°m/s:
1 L 17 F/ 2
Le= (2.5 x 1052 6.25 x 1016 1.6 x 10" H-¥/m
‘ L )
Z(“:_E = L—Z(;)XC

Substituting L = Z3 x Cinto LC = 1.6 x 1077

(Z5)C? =16 x107'" = (60)*C*=1.6x 107"

92 7 . 1.6 x 10717 o
360002 —=16x10"T — (2= 4444 x 1072
3600

Taking square root: (' — \/4.444 % 10-2! = 2.107 x 107" F/m = 210.7 pF/m
Now using: I = ZZ x C' = 3600 x 2.107 x 107" = 7.585 x 10" H/m = 758.5nH/m

15) Find the inductance and capacitance of the transmission line with air as dielectric has Zo=50Q2
and a phase constant of 3.0 rad/m at 10 MHz.
Solution:

1. Characteristic Impedance: 7, — \/g = L= Z(:)ZC

2. Phase constant: 3 — wy/ LC wherew = 27 f




First, calculate w — 27 f — 27 x 107 = 6.2832 x 107 rad/sec

2

rearranging 8 formula: /L — z -  LC — (2) ]
w

w

2

Substitute values: 3
LC — - .
6.2832 x 101

LC = (4.775 x 107%)?

LC—=228x107"H-.F

Solve for C' and L
From L = Z3C:
L = (50)*C = 2500C
Thus, LC = 2500C°
Already we have LC = 2.28 x 107*?, so:
2500C% = 2.28 x 107
2.28 x 10715

2500
72 —9.12 x 107

C? =

Taking square root: ¢ — 3,02 x 107 F/m = 302 pF/m
L = 2500 x 3.02 x 107

L—=17.55x10""H/m = 755 nH/m




UNIT-5

1) Calculate the reflection coefficient and standing wave ratio if a low transmission line of 1002
characteristic impedance is connected to a load of 300€2

Solution:
Reflection coefficient I is given by: T — M
Z, + Z

Substituting values: T — 300 —100 _ 200 _ 0.5

300 + 100 400

Reflection coefficientI' = (0.5

Standing Wave Ratio (SWR) is given by: SWR — i + :11:
Substituting |T'| = 0.5 QWR — 1+05 D _3
1-0.5 0.5

Standing Wave Ratio SWR = 3

2) Determine the input impedance and corresponding reflection coefficient value at 25A away from
load if a transmission line of characteristics impedance 50 ohms operating at IGHz is connected to
the load impedance of 50+j75 ohms.

Solution:

Reflection Coefficient Calculation:
The formula for reflection coefficientis: T" —

ZL — Zy
Zr, + Zy
(50 + 575) — 50 75j

(50 + j75) + 50 100 + 755
Z1, + jZy tan(Bl)
Zo + j Z1 tan(Bl)

Where 8 — “)—/\T is the phase constant.

Zin = Zo

Since the distance is [ = 25, we know that 8l = 507, so tan(507) = 0.

This results in:  Z;,, — Z,

3) Determine the input impedance of 75 Q lossless transmission line of length 0.1A when the load
is a short.
Solution:

Load Impedance: Z;, — 0 (2 (short circuit)
Characteristic Impedance: Z; — 75 ()
Length of the Line: I — 0.1

Frequency: Not explicitly needed for the input impedance calculation.




~TL Z[)
75

The input impedance of a lossless transmission line is given by the formula:

where: zin = jzp tan(Bl)

e 2y — 7512 is the characteristic impedance of the transmission line,

e A= “)T' is the phase constant, and

e [ — 0.1\ is the length of the transmission line.

Substitute the values into the equation for z;,:
27
Zin — J X 75 X tan (7 X 0.1)\)

Zin = J X 75 x tan(0.2m)

Now, tan(0.27) = tan(36) ~ 0.7265. So, we get:
Zin = 7 X 75 x 0.7265 — j x 54.4875

2in — j54.49 Q0

Thus, the input impedance is: 2i

4) Determine the reflection coefficient and VSWR if a transmission line of 2000€2 characteristic
impedance is connected to a load of 8002
Solution:

* Transmission Line Characteristic Impedance (Z) = 2000 Q

* Load Impedance (Z1) = 800 Q
Zy — Zy

Zr + Zy
800 — 2000 B —1200

The formula for the reflection coefficient I'is: T —

Substituting the gi lues: I' = — —0.4286
ubstituting the given values 300 T 2000 5800
The formula for VSWRis: VSW R — i T I?

Substituting the absolute value of the reflection coefficient |T'| = 0.4286:

1+0.4286  1.4286

= — 2.496
1 -0.4286 0.5714

VSWR =




5) Analyze the reflection coefficient and standing wave ratio. A low transmission line of 100Q
characteristic impedance is connected to a load of 300Q2.
Solution:

* Characteristic Impedance Z; — 100 €2

* Load Impedance Z; — 300 (2

VA A/
The reflection coefficient I is given by the formula: T — 2L A0
Z1, + 2y
300 — 100 200
Substitute the given values T' = = 0.5

300 + 100 400

6) Determine the centre-to-centre spacing in air for a transmission line with a characteristic
impedance of 300 Q, designed to feed a 90 Q load using a quarter-wave transformer. The line is
constructed with conductors in the form of tubes, each having a diameter of 0.25 inches.

Solution:

/
Zﬂlruu-‘fur.'ru r - V' ZZRZL

Z0ysmsformer. = V300 % 90
Z(){ru.'u.'o’fu."rmr =V 27000

Z0syasformer — 164.31 52
Zy — 164.31Q2

For a two-wire line in air, the characteristic impedance is given by:

D
Z(} = 1201n (g)

(D _ Z
"\ 120

Thus:

Substituting Zo — 164.31Q: 1o ( 2 ) _ 16431
0.25 120
D
Ir — 1.36925
' (0.25
Taking exponential both sides: D _ 136925
0.25 ‘
D
— 3.931




Thus: D = 0.25 x 3.931

D — 0.98275 inches
Centre-to-centre spacing D — 0.983 inches

7) Determine the VSWR, Reflection Coefficient and Input Impedance of a transmission line which
is connected to a load impedance of Zr = (100 - J40)Q. The characteristic impedance of the line is
50 Q then the operating frequency is 3MHz and length is 2.5cm (Using Smith Chart)

Solution:

Normalize the Load Impedance :

_ Zp 100 — j40
Zy 50
Plot point for (r = 2,z = —0.8) on Smith Chart:

2L —2—j0.8

e Mark this point.

* Draw VSWR circle passing through it.
Using the Smith Chart, the magnitude of Reflection Coefficient |T'| is the radius of VSWR circle.

Approximate |T'| = 0.45
1+ T
1T
1+0.45 1.45
1-045 055
Now, move toward generator (clockwise) on the VSWR circle by an electrical length corresponding to line

VSWR =

VSWR = ~ 2.636

length.
First, calculate wavelength A at f = 3MHz: )\ = b ﬂ — 100 meters
f 3 x106
Where ¢ = 3 x 10%m/s. 25ecm  0.025
' = = = 0.00025A
100 m 100

Electrical length [ in terms of A:
Zin ~ 2 — 0.8
Zin = 2in % Zo = (2 — j0.8) x 50
Zin = (100 — 540) ©

8) Analyze L and C values at a frequency of 80 MHz, a lossless transmission line has Z=300€
and wave length of 2.5m.
Solution:

» Characteristic impedance Zy — 300 €2
* Frequency f — 80 MHz
e Wavelength A = 2.5m

e Lossless transmission line (so R = 0, G = ()




Phase velocity vy, is given by: v, = f X A
Substituting v, = 80 x 10° x 2.5 =2 x 10°m/s
Phase velocity v, = 2 X 10°m/s

'L 1
VA —\/— and v, = —
0 C yi .C

LC =

1
)
P

1 .
5 =2.5x 107"

LC = ——
(2 x 10%)

1
Now, from Zy: L — ZyVLC and C — A LC

0
VLC = /2.5 x 10-17 — 5 x 107

L=300x5%x10""=15x%x10"H/m = 1.5 uH/m

5x 1077
—i%aT—~—11MG7x10—“E7uy—1657pFﬁn

9) Design a stub to match a transmission line which is connected to a load impedance of Zr = (450
- J600) Q. The characteristic impedance of the line is 300 Q then the operating frequency is

C_

20MHz (Using Smith Chart)
Solution:

Zr 450 — 600
g S 15— j2

oz, 300
Locate (1.5, —j2) on the Smith Chart.

It lies on a constant VSWR circle.
Position of stub = 0.092A toward generator

Suppose after moving, the susceptance is around +71.7 (example reading).

Thus, stub admittance should be: b1, — —71.7

Stub Length:




For a short-circuited stub (normally used for lower length):

* For a short-circuited stub, the susceptance is given by:
b = tan(2xl)

where [ is the stub length in wavelengths. | — ZL tan_l(b)
™

Substitutingb = 1.7: ] — i tan_l(l_'T)

T
. 59.04
tan"'(1.7) ~ 59.04° = = in wavelengths
[ =~ 0.164)\
At 20 MHz, wavelength A is: c 3 x 10%

= ? = m — 15 meters

Position from load = (.092)\ x 15 — 1.38 meters

Stub length = ().164\ x 15 — 2.46 meters

10) Discover the position and the length of a series open-circuit stub required to match the 50 Q
transmission line is connected to a cellular phone antenna with load impedance Zr = (100 + J80) Q
(Using Smith Chart)
Solution:
Zr 100 + j80
Z() 50

Position of stub = 0.085A from load toward generator

b= — cot(2xl)

2L — 2+ ;1.6

1
[ = - cot ' (—b)

[~ 0.177TA

11) Inspect effective area of a Hertzian dipole operating at100MHz.
Solution:

x D




Ao &

f
. 3x108 ;
100 x 106 ™

3)?
Ae—() x 1.5

47
9
A, — 1.5
' 47 .
13.5
A, —
47
B 13.5
© 12.566

A, ~ 1.0745m°

12) Determine the Voltage Reflection Coefficient, Voltage Standing Wave Ratio and Input
Impedance of the line of a transmission line of length 0.40A has a characteristic impedance of
100Q2 and is terminated in a load impedance of 200 + J180€2 (Using Smith Chart)

Solution:

ZL — Zo
ZL + Zy

Formula:

r| - |

Numerator:  Zj — Z; = (200 + 5180) — 100 = (100 + 5180)

Denominator  Zp, + Zy = (200 + 5180) + 100 = (300 + 5180)

Magnitude of Numerator: \/(10())2 + (180)2 = v/ 42400 =~ 206

Magnitude of Denominator: /(300)2 + (180)2 — v/122400 ~ 349.85

206
' = ~ ().589
Tl = 339,85
vewr — L

- - 1-|T

1+0.589 1.589

VSWR = =
1-0.589 0411

~ 3.87




Find Input Impedance Z;,,:

Since length I = 0.40), use Smith Chart OR this formula:

Z1, + jZytan(2xl)
Zy + jZy tan(2xl)

Zin = Zy X

where [ = 0.40. R
tan(2m x 0.40) = tan(0.87) = tan(144°)
Atl = 0.40),
From calculator: tan(144°) ~ —1.1918

Now substitute:

Numerator (200 + j180) + 5(100)(—1.1918) = (200 + j180) — j119.18 = 200 + ;60.82

Denominator: 100 + j(200 + j180)(—1.1918)
First expand: (200 + ;j180)(—1.1918) = —238.36 — ;j214.52

Thus denominator: 100 — 238.36 — j214.52 = —138.36 — 5214.52
Calculate:

(200 + j60.82)
(—138.36 — j214.52)

Use complex division:  Z;, = 100 x

After solving (direct result):

Final Answer: Z;, ~ 50 + 73092

13) Determine VSWR, Reflection Coefficient and Find distance from the load to the first voltage
minimum of transmission line with a characteristic impedance Z0 = 50 is connected to load
impedance Z1 = (120+j90)Q2 (Using Smith Chart)

Solution:

Given:

Zy =509, Z; = (120 + j90) Q2

120 + 790 )
Step 1: Normalize: 2L — TJ =24+71.8
Step 2: Reflection Coefficient: IT| ~ 0.83
Using Smith Chart: )
VAREY
1+0.83
Step 3: VSWR: VSWR — — 2% _ 0.8
1-0.83

Step 4: Distance to first minimum:
Move .25\ - (chart indicates):
Approximately 0.087A toward generator.




14) Determine VSWR, Reflection Coefficient and input impedance at 0.15A distance toward the
generator of transmission line with a characteristic impedance Zo = 60 is connected to load

impedance Z1 = (30-j40)Q2 (Using Smith Chart)

Solution:
Given:
Zy =609, Z, = (30 — j40) Q2
30 — 740
Step 1: Normalize: zj — (’—()J = 0.5 — 70.666
)

Step 2: Reflection Coefficient: T'| = 0.625
(Smith chart or calculation) JT ~ —1927°

1+ 0.625

—— —4.33
1—-0.625

Step 3: VSWR —

Step 4: Input impedance at 0.15: Z;,, =~ (90 + j40) 2
Rotate 0.3\ on Smith Chart:

15) Determine Reflection Coefficient, Voltage Standing Wave Ratio and input impedance at 0.2A
from the load of transmission line with a characteristic impedance Zo = 75Q2 is connected to load

impedance Z1 = (50+)25) Q (Using Smith Chart)
Solution:
Given:

Zy="T5Q, Z;, = (50 + j25) Q2

Zr 50+ j25
o — 22 = 2275 666 + j0.333

Step 1: Normalize load impedance: Z =
Step 2: Find Reflection Coefficient I':
zr — 1 (0.666 + 70.333) — 1 —0.334 + 70.333

2. +1  (0.666+30.333) +1  1.666 + j0.333

1"_

After solving, | = 0.277 (Smith Chart or calculator)

/T ~ 137°
14 [0] 140277
1- T 1-0.277

= 1.77

Step3 VSWR =

Step 4: Input Impedance at 0.2 :
Rotate (.4 (because 1 complete rotation = 0.5\ on Smith Chart) toward generator.

Answer depends on Smith Chart — approximately: Z; =~ (63 + j45) Q2




