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Sixth Semester B.E. Degree Examination, June/July 2024
Microwave Theory and Antennas

Time: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1

With the help of drift velocity graph and wave from, explain he constructional feature and
working of n-type GaAs diode. {10 Marks)
A transmission line has the following primary constants R = 2 /m, L = 8 nH/m,
G=05m8/m. C=023p'/mand =1 GHz Find :

(1) Characteristic impedance Zo.

(ii) Propagation constant y

(iii)  Wavelength 3.

(iv) Phase velocity Vp (10 Marks)
OR
a. Derive the expression for the voltage of current at any point on the transmission line
equation and solution starting from the fundamentals. (10 Marks)
Explain the standing waves with neat waveforms. (10 Marks)
Module-2
Derive scattering parameters for a multiport network. (10 Marks)
The transmission lines of characteristic impedances Z; and 7> are joined at plane PP’
Express S-parameters in terms of impedances. (10 Marks)
OR
Derive S-matrix for a Magic Tee with neat diagram and its applications. (10 Marks)
Explain the working of precision Dielectric Rotary phase shifter. (10 Marks)
Module-3
Discuss the operation of micro strip lines with its structure. Compare strip line and
microstrip line. (10 Marks)
Explain the operation of parallel strip line along with a neat diagram. Write down the
expression for character impedance. (10 Marks)
OR

Explain the following terms as related to antenna system :

(i) Directivity and gain.

(11) Beam area.

(iii)  Effective height

(iv)  Bandwidth (10 Marks)
A radio link has a 5 W transmitter connected to an antenna of 2.5 m® effective aperture at
5 GHz. The receiving antenna has an effective aperture 0.5 m® and is located 15 km line of
sight distance from the transmitting antenna, Assuming loss less, matched antenna, find the
power delivered to the receiver. (10 Marks)
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Module-4
Explain the field pattern and phase pattern with a neat diagram. (10 Marks)
Derive an expression and draw the field pattern for an array of two isotropic point sources

4 A
situated symmetrical with respect to origin with equal amplitude and phase spaced 5 apart.

(10 Marks)
OR
Derive an expression for field of a dipole in general for the case of thin linear antenna.
(10 Marks)
Find the directivity D for the sources with radiation intensity :
(i) U=U,_sin’0, 0<0<n, 0<4<2n
(ii) U=Umcuslﬁ-,0£85%.(}£¢sln (10 Marks)
Module-5
Derive an expression for field strength Eg and H, in case of small loop antenna. (10 Marks)
Derive an expression for radiation resistance of a small loop antenna. (10 Marks)
OR
Derive an expression for radiation resistance of a short dipole antenna. (10 Marks)
Explain the different types of horn antenna with a diagram. (10 Marks)

L R



l.a

Gunn Diode’s Working

This diode s wmade of a single piece of N-type
semiconductor such as Gallium Arsenide and InP (Indium
Phosphide). GaAs and some other semiconductor materials
have one extra-energy band in their electronic band
structure instead of having only two energy bands, viz.
valence band and conduction band like normal
semiconductor wmaterials. These GaAs and some other
semiconductor materials consist of three energy bands, and
this extra third band s empty at initial stage.

If a voltage is applied to this device, then most of the
applied voltage appears across the active region. The
electrons from the conduction band having negligible
electrical vesistivity are transferved into the third band
because these electrons are scattered by the applied voltage.
The third band of GaAs has mobility which is less than that

of the conduction band.

Because of this, an increase in the forward voltage increases
the field strength (for field strengths where applied voltage
is greater than the threshold voltage value), then the
number of electrons reaching the state at which the
effective mass increases by decreasing their velocity, and

thus, the current will decrease.


https://www.elprocus.com/what-are-the-reasons-behind-silicon-uses-in-electronics/
https://www.elprocus.com/what-are-the-reasons-behind-silicon-uses-in-electronics/

Thus, if the field strength is increased, then the drift
velocity will decrease; this creates a negative incremental
resistance region in V-I relationship. Thus, increase in the
voltage will increase the resistance by creating a slice at the
cathode and reaches the anode. But, to maintain a constant
voltage, a new slice is created at the cathode. Similarly, if
the voltage decreases, then the resistance will decrease by

extinguishing any existing slice.

Gunn Diode’s Characteristics

'Y

Peak Point
Typical
¢~ Operating
Foint
R
m
Operating
Limit
Valley Point _ _
=¥ Gunn Diode Characterstics

The current-voltage relationship characteristics of a Gunan
diode are shown in the above graph with its negative
resistance region. These characteristics are similar to the

characteristics of the tunnel diode.

As shown in the above graph, initially the current starts
increasing in this diode, but after reaching a certain voltage
level (at a specified voltage value called as threshold voltage
value), the current decreases before increasing again. The
region where the current falls is termed as a negative
resistance region, and due to this it oscillates. In this

negative resistance region, this diode acts as both oscillator



and amplifier, as in this region, the diode is enabled to

amplify signals.
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4b
A phase shifter is two port passive device. It produces a variable change in phase of transmitted wave

passing through it. It is realized by placing a lossless dielectric slab within a waveguide parallel to and at the
maximum E field position. The dielectric slab is tapered at both the ends to reduce reflections. There are
various types of phase shifters which include Precision phase shifter, @ MI( phase shifter,Reciprocal and

Non-reciprocal phase shifter

_ eleckric
B, oH Slab S

b

Phas e'x Shiftey

A differential phase change is produced due to change of wave velocity through slab. As shown in the
figure, by adjusting the length L, different phase shifts can be produced. S matrix of the ideal phase shifter
is as follows.

[s51=

| Oejne |
| |

| &m0 |

Precision Phase Shifter

Precision Phase shifter can be designed as rotary type. It is made of following parts:

+ Both the ends circular to rectangular waveguide transitions

+ Circular waveguide with lossless dielectric plate of half wave length (180 degree] at the Middle

+ Between waveguide transition and above half wave plate, there are plates of quarter lenth(30 degree)

TE10 mode of rectangular waveguide becomes TE11 after passing through the transition at the end.
Appropriate phase shift is obtained after wave goes through the two quarter sections provided at the ends

and also rotary half wave section available in the middle.



Q no. 5a. Ans:
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Qno. 5b. Ans:




Q.no.6a i) Directivity and gain:




ii) Beam area:

iii) Effective height:




iii) Band width:




Q.no.6b
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Q.no.7b.
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Fig 3a: Geometry for short dipole

Fig2:

Relation of dipolesto coordinates
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| | Jis]
~The fields from dipole have only three components E,., Eg and H,,.

Fields of a short dipole
|

* When r is very large, the terms in 1/72 and 1,/r% in (29), (30) and
(33) can be neglected in favour of the terms in 1 /7.

* In the far-field £, is negligible and we have effectively only two field

= components Eg and H,, given by -
IpL sin@ e/@(t=0r/A)) o,
o F, =2 e i
8 4mEy cir (34)
Iyl sinf glw(t-(r/c}) Je
- — —
H‘p 4 cr (35)
| | & [

Radiation Resistance of a Short Dipole

«S-=2re(EgxH,") (2)
* Where Eg and H,, are complex.

* The far-field components are related by the intrinsic impedance of
the medium.

*EG=H¢Z=H¢,J% (3)
* Therefore (2) now becomes

_ ¢ _ 1 2 |u
*Sp =1reZH, Hy' == |H,| \F (4)

Radiation Resistance of a Short Dipole

= The total power P radiated is then

“P=([[5ds= -;- % J’ﬂ21T k |H¢,|2r23inﬂ dade (5)
wly L sinf
* Hfﬂl = :n‘cr {E]

* Substituting this into (5), we have

WD 1 [wBRRLR c2m e . g
P=— J; Iy Iy sin®@ dode (7)

e




9a

Radiation Resistance of a Short Dipole

J; - (\E} Rr [9:'

12m
* Solving for R,

op — |EB?
Rr_\E — (10)

* For air or vacuum ‘E =J§ = 377 = 120mn(}, so that (10) becomes
4]

* Dipole with uniform current :
* R, = 80m?(5)? (11)

Small loop

~The field pattern of a small circular loop of radius “a” may be
determined by considering a square loop of the same area, that is,

+d? = ma? (1)
* Where d is side length of square loop as shown in Fig 1
.._L._.i |__=._.
.""’.‘\\'

Figl: Circular loop (a) and square loop (b) of
| -'r equal area



Small loop

IIII Iy
i

rd

Fig3: Construction for fi ndingfar field of dipoles2 and 4

Fig2: Relation of square loop to coordinates
o q 2 of square loop
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Small loop

= A cross section through the loop in the yz plane is presented in Fig 3.

* Since the individual small dipoles 2 and 4 are non-directional in the yz
plane, the field pattern of the loop in this plane is the same as that for
two isotropic point sources as treated earlier.

. eq} — --—E‘P']ejwi'lrz 4 Eqﬂﬂ'e_ﬁpfz {2}
* Where E, is electric field from individual dipole and

o =d,.sinf = %sinﬁ (3)
Small loop

= Substituting (6) in (5) then gives
= 60w [l]Ld,-sind (7)

« F
P rd
* However, the length L of the short dipole is the same as d, that is,
L=d.
* Noting also that d, = z—? and that the area A of the loop is d?, (7)
becomes

12072 [{]sing A
«Ey=—"—T"t L (8)
Small loop

= This is the instantaneous value of the E; component of the field of a
small loop of area A.

* The peak value of the field is obtained by replacing [I] by Iy, where I
is the peak current in time on the loop.

* The other component of the far field of the loop is Hyg, which is
obtained by the intrinsic impedance of the medium, in this case, free
space.

. _ _Eg _ mll]sinf A
He = 1zom r A2 ©)




Radiation Resistance of Loops

3 5

P =?Rr
2P 5,
* Sy =IHI*n,

= ds = risinfd@d¢
* R, = 31,171(5)%= 197}

10b

Where

R, is the radiation resistance of the loop antenna
P is power radiated,

Iy, is peak value of current from loop,

Sy is the radial component of the Poynting
vector,

ds is the area of small region in the sphere,

7 is the intrinsic impedance of free space equal to
120m o,

A is the area of the loop,

3 is the circumference of the loop = 2% = fla

Horn antennas

+ & horn antenna may be regarded as a flared-out (or openad-out)

waveguUide,

+* The function of the hornis to produce a uniform phase frontwith a larger
aperture than that of the waveguide and hence greater directivity.

+ Several types of antennas are illustrated in Fig 7,40,

* Rectangular horns are energzed from rectangular waveguides,

* To minimise reflections of the guided wave, the transition region or horn
between the waveguide at the throat andfree space at the aperture could
be given a gradual exponential taper as shown in the Fig 7.40 a or &,
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