Solutions to IAT1

Subject: Microwave Engineering and Antenna Theory

Internal Assessment Test 1 — Sept. 2025

Sl.

Answer any FIVE FULL Questions

Marks

Cco

RBT

Derive the expression for the voltage and current at any
point along a uniform transmission line.

10

L2

The values of primary constants of an open-wire line per
loop kilometers are as follows: R=10Q, L=3.5mH, C=0.008
MF and G=0.7 uS. For signal frequency of 1000Hz,
calculate the characteristic impedance and propagation
constant.

10

L3

A load impedance of Z=60-j80 Q is required to be
matched to a 50-ohm coaxial line, by using a
short-circuited stub of length ‘I' located at a distance ‘d’
from the load. The wavelength of operation is 1m. Using
the Smith chart, find ‘d’ and ‘I’.

10

L3

Prove symmetric property and unitary property of the
S-matrix.

10

L2

What is a magic tee? Derive the S-matrix of magic tee.
Mention its application.

10

L2

Explain with the neat diagram the precision phase shifter.

10

L2

7a

Derive the characteristic impedance of the Microstrip line.

L2




7b A certain microstrip line has the following parameters:
£r=5.23, h=7 mils, t=2.8 mils, w=10 mils. Calculate the
characteristic impedance Z0 of the line.

L3

8a | Write short notes on parallel strip lines.

L2

8b Describe ohmic skin losses and radiation losses in micro
strip lines.

L2
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Characteristic Impedance

®btained from wire-over ground model
€re = 0.475 €,+ 0.67

* €, IS called effective dielectric constant
* €, is called relative dielectric constant

87 5.98h
Zg-m In [Ulngl for h < 0.8w
Ly = 7R forw >>h

€y W



Example 11-1-1: Characteristic Impedance of Microstrip Line

A certain microstrip line has the following parameters:

€ = 5.23

h = T mils

t = 2.8 mils
w = 10 mils

Calculate the characteristic impedance Z; of the line.

Solution
Zn=L]n[ 5.98h ]
Ve + 1.4] 0.8w + 1
_ 87 In [ 598 x 7
V'5.23 + 1.41 0.8 X 10 + 2.8
= 45.78 Q)

Ohmic Losses

= Comes into picture due to finite conductivity of microstrip conductor

* Attenuation constant due to ohmic loss of a wide microstrip line

(w>h) is given by

a,. = 8686 |mfi dB/cm
¢ Zow o



Radiation Losses

= At microstrip frequencies, the microstrip line acts as an
resulting in radiation losses.

* The ratio of radiated power to the total dissipated pow
microstrip is given by

P'rad _ R;
Py Zy
. R, = radiation resistance of the microstrip
2 (h)°

Where
Ao = Free — space wavelength

F(€,.) = radiation factor given by

€Ere + 1 €re — 1 l\/E_T+1
— n

F(€re) =
(€re) Ere z(gref/{z JE — 1




Parallel Strip Lines

Parallel Strip Line

I¥ w >> d, then the fringing capacitance becomes negligibly small.
The inductance along the two conducting strips is given by

L — .ucd'
w
Where . = permeability of the conductor

henry/m

The capacitance between the two parallel conducting strips is given by

C= % farad/m



The series resistance of both strips is given by

R = ZRs: E Tf e E
w w g, m

Where R, = surface resistance
o, = conductivity of the strips in mhos/m

The shunt conductance of the parallel strip line is
G =2

d
Where o, is conductivity of the dielectric material between the
two strips

mhos/m

Characteristic Impedance £

377 ,d

(=)

Zy=

Erd

The phase velocity of the TEM wave propagating through the parallel
strip line is given by




