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Internal Assessment Test 2 - Dec. 2025
Subject/Code: Microwave Enmneenng and Antenna Theorny  BECT01
Date:01/12/2025 | Duration: 90 mins | Max, Marks: 50| Semester: 07 Branch: ECE
SL | Answer any FIVE FULL Questions Marks | OO | RET
1 | Define the following parameters of antenna; (a) Radiation Pattern, 10 | C03 |12
(b) Directivity, {c) Czain, (d) Beam area, () Radiation Intensity.
2 |a Derive an expression for directivity in terms of maximum 5 Co3 | L2
effective aperture,
b, A mdio link has 150 watts transmitter connected to an antenna
of 2 m* aperture at 2 (GHz. The receiving antenna has an 5 CO3 | L3
aperture of 1. 5m® and 15 located at 10 km. Find the power
delivered to the receiver.
3 | Obtam the field pattern for a linear uniform array of 6 sotropic 10 | Cod | L3
sources spaced L2 distance apart. The power isapplied with equal
amplitude and in phase. Also find HPBW and FNBW.

4 |a Define and explain the principle of pattern mul tiplication. 5 |C04 |12

b.  Find the directivity of a source with a sine squared pattern
(doughnut power pattern} ] COod L3

5 | Derive the expressions for far field components of a short dipole. 10 | CO4 | L2

6 | Obtain the expression for radiation resistance of small loop 10 | COs |12
antennas.

7 | Draw the structure of a pyramidal horn antenna, Use the principleof | 10 | CO5 | L2
equal ity of path length and bring out the optimum horn dimension.

8 | Explain the Yagi Uda Array antenna with necessary equations and 10 | CO5 | L2
diagrams.
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Scheme of evaluation:

Contents

Marks

a. Radiation Pattern

b. Directivity

c. Gain

d. Beam Area

e. Radiation Intensity
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a. Definition + Derivation

2+3=5

NN

b. Problem (Approach + final Answer)

3+2=5

Problem:
Formula
Approach
Answer
Diagram

3+3+2+2=10

a. Pattern Multiplication (Diagram + explanation)

2+3=5

b. Diagram+ Directivity Derivation

2+3=5

Derivation (Short Dipole Antenna):
Diagram

Expressions

Far field components

144+5=10

Derivation ( Loop Antenna):
Diagram

Expressions

Radiation Resistance

1+4+5=10

Pyramidal Horn:

Diagram

Principle of equality of path length
Optimum horn dimension

2+5+3=10

Yagi Uda array:
Diagram
Explanation
Pattern

2+5+3=10

Solution:




1. a) Radiation pattern:
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b) Directivity
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c) Gain:
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d) Beam Area:
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e) Radiation IntenS|ty
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2. a) Directivity in terms of effective aperture:
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b) Problem:




3) Linear Uniform Array Problem:

Ofbstain the field pattern for a linear uniform array of 6 isotropic
sources spaced A2 distance apart. The power is applied with equal
amplitude and in phase. Also find HPBW and FNBW.

Array factor (field pattern)

Let @ be the angle from the array axis (broadside at @ = 909,
Define ¢ = kd cos @with k = 2w /X Since d = A/2.

kd=w = th=mcosf

The array factor is

5 - .
_ gaep _ g5 Sm(T) _ i sin(3ep)
AF(E) g ® ® sin(%) ‘ sin(/2)

Magnitude (normalized by the maximum AF_ . = N =6)is

sin( 3} |
B (8 :|— i =mecosf
(®) 6 | sin(+p/2)|
(The phase factor R only shifts phase; it does not affect the magnitude.)
The broadside maximum occurs at 4 = 0 (e, cog @ = 0 = § = 907, where the limiting

walue of the ratio is 6.

First-null beamwidth (FNBW)

Nulls occur where the numerator 8in(34) = 0 = 3t = mar. The first nulls adjacent to the
main lobe are for i = £1:

1|I)=:|:I = wcosf@= o
3 3
50
1
cosfl =+—.
23
Hence the first-null angles are
= cos (1) =~ 70.5288°, @ =cos™'(—1) = 100.4712".
Therefare the FNBW

FNBW =, — ) =2 100.4712° — T0.5288"° =z 38.04",

Half-power beamwidth (HPBW)

Solve for angles where | AR[#)| = ﬁf\/§ {half-power points) near the broadside main-lobe,

Nurmerically solving that eguation gives the two half-power angles:
Prp1 = 81.4049°, Fgpr m= B8.50951°
so the HPBW

HFBW = f;sz — IQHPJ ] 17.19u.



4) a) Pattern Multiplication:

The frefd pattern of an array of nonisotropic but similar peint sources is the product of the pattern of
the individual sowrce and the pattern of an array of isotropic point sources having the same locations,
relative amplitudes, and phase as the noniseiropic peinl sources,

This principle may be applied to arrays of any number of sources provided only that they are similar. The
individual nonisotropic source or antenna may be of finite size but can be considered as a point source situated
at the point in the antenna to which phase 15 referred. This point is sad to be the “phase center.”

The above discussion of pattern multiplication has been concerned only with the field pattern or magnitude
of the field. If the field of the nonisotropic source and the array of isotropic sources vary in phase with space
angle, Le., have a phase pattern which 15 not a constant, the statement of the principle of pattern multiplication
may be extended to include this more general case as follows:

The total field pattemn of an array of nonsotropic but similar sources is the product of the individual source pattern
and the pattern of an array of isotropic point sources each located at the phase center of the individual source and
having the same relative ampliude and phase, while the total phase pattem is the sum of the phose patterns of the
individual source and the array of Sotropic poinl sources.

The total phase pattern is referred to the phase center of the armay. In symbals, the total field £ is then

E= f(0.8)F(0.¢) [f,(0.8)+ F,0.6) (4)
Field patem Fhas: patcre

where
Fi@, ¢ = field pattern of individual source
Fp(#8, @) = phase pattern of individual source
Fig_ ¢) = hield pattern of array of isolfopic sources
Fpi8. ¢ = phase pattern of array of isotropic sources

(a) () e}
Figure 5-22 Example of pattern multiplication. Two nonisotropic but identical point
sources of the same amplitude and phase, spaced & /I apart and arranged as in Fig. 3-21,
produce the pattern shown at (¢). The individual source has the pattern shown at (a), which,
when multiplied by the pattern of an array of two isotropic point sources (of the same
amplitude and phase) as shown at (b), yields the total array pattern of (c).



b) Directivity of sine squared pattern:

EXAMPLE 5-6.4 Source with Sine-Squared (Doughnut) Power Pattern
A zource has a sine-squared radiation-intensity power pattern. The radiation-intensity pattern is given by

U = Uy, sin” (%)

The power pattern 15 shown i Fig. 5—7a. This type of patiern 15 of considerable interest because it 1s
the pattern produced by a short dipole coincident with the polar (# = 0) axis in Fig. 5=7a. Applying
(5—4—3), the total power radiated is

s b 3 &
P= Umf f sin” @didgp = =l (9)
o Jo 3
If # 15 the same as for the isolropic source,

B
ng Uy =4dxlly

=0
#=10 : :
(a) (b)

Figure 5-7 (2) Sine-squared power pattern and (b) unidirectional cosine-squared power
pattern.

und

Um 3
Directivity = U— =z = 1L.5=D Ans. (1
[ 2

5) Far field components of a short dipole:

Let us now proceed to find the fields everywhere around a short
dipole. Let the dipole of length L be placed comcident with
the z axis and with its center at the origin as in Fig. 6-2. The
relation of the electric field components, E,. Eq and Eg, 15 then
as shown, It 1s assumed that the medium surrounding the dipole
I% a1r OF Vaculim.

In dealing with antennas or radiating systems, the propaga-
tion time is a matter of great importance. Thus, if a current is
flowing in the short dipole of Fig. 6-3, the effect of the current is
not felt instantaneously at the point #, but only after an interval
equal to the tme required for the disturbance o propagate over
the distance r. We have already recognized this in Chap. 5 i
connection with the pattern of arravs of point sources, but here
we are more explicit and desenbe if as a retardarion eflect.

Accordingly, instead of wrniting the current I as'

_ Figure 6-2 Relation of dipole to
I = fga'™ (1)  coordinates.



= jue.lwf!-l.n"fll )

where [[] 15 called the rerarded curvent. Specifically,
the retardation time r/c resulis in a phase refardation
wrfc = 2xfric mdians = 360° fric = 360" i /T, where
T = 1/f = time of one period or cycle (seconds) and f =
frequency (hertz, He = cycles per second). The brackets may ~lb-d

be added as in (2) to indicate explicitly that the effect of the :
current is retardsd. Figure 6-3a Geometry for short dipole.

L
_Ho Ud-

A= ar -Lj2 § ) @
where [{] is the retarded current given by

(7] = Rpelob=tsich (3a)
In {3) and (3a),

z = distance to a point on the conductor
o = peak value in time of current (uniform along dipole)
jin = permeability of free space = 47 x 10~  Hm™!

If the distance from the dipole is large compared to its length (r 2% L) and if the wavelength is large compared
to the length (4 3 L), we can put s = r and neglect the phase differences of the field contributions from
different parts of the wire. The integrand in (1) can then be regarded as a constant, so that (3) becomes

gL fgedwir=tr/ell

A 4
1 r (4)
The retarded scalar potential ¥V of a charge distnbution is
1
V= —f Ed[ {5]
dmeg Jy 3

where [p] 15 the retarded charge density given by

IPI - lmui,jir\n{r—1.!_-'-:'i| {E‘I



and d't = infinitesimal volume element
£n = permittivity or dielectric constant of free space = 885 = 1072 Fm™!
Since the region of charge in the case of the dipole bemng considered is confined to the points at the ends
as in Fig, 6—1h, (3) reduces to

o1 [l ) o
dmen | 51 )

From (6-1-1) and (3a),

= f (1de = Io f ea-viong 2 U )

Jgen

Ta
paint
P

Substituting (8) into (7),

'FI.I EJ’MJ’—II._-'rlI &l wlf =52 ]
V= - (L]
dmep o [ £ 57

Referring to Fig. 6-3b, when r 25 L, the lines connecting
the ends of the dipole and the point P may be considered
as parallel so that oy
. Dipale 1,&:9"

I|=F—EEESH I.]n]
_ Figure 6-3b Relations for short
and dipole when r 3 L,

.:1=r-l-r—l;|:m|9 (1)

Substituting { 100 and (11) into (%), it may be shown that the fields of a short electric dipole are:

N !uLmsErf”'"""‘“( 1,1 } (12)
Electric fields 21eq e et General
of short dipole IpL sin @it =4/l ¢ oy | 1y case (13)
Emg— | — + — + —
47 En cir er? 0 jor?
Electric and . _ jolhl sinfe/™ 70 jIOBL i gereti-irien (17
magnetic Az Epclr A gger Far-field
Juelds af ol I sin @ g Felt—irfcl] I il
J JeedpL sin Be T . et =i
:lkl:l.l'f Hiy = = ﬁF‘rm{r tric)) {ls]
dipole Hy dmer d TF "

Taking the ratio of Eg to Hy as given by (17) and (18), we obtain

Ey 1 [
—=—= |—=3T670 Impedance of space (19)
Hy &oc Y&




6) Radiation Resistance of small loop antenna:

To find the radiation resistance of a loop antenna, the Poynting vector is integrated over a large sphere vielding
the total power P radiated. This power is then equated to the square of the effective current on the loop times
the radiation resistance R, (Foster-1).
lll

P=3R (1)
where Iy = peak current in time on the loop. The radiation resistance so obtmned 15 the value which would
appear at the loop terminals connected 1o the twin-ling, as in Fig. 7% and coaxial line as in Fig. 7-%_ It
15 assumed that the current is uniform and in phase for any radius a, this condition being obtained by means
of phase shifters, multiple feeds or other devices (see Fig. 7-8). The average Poynting vector of a far field 1s
given by

S, = 5|H'Re Z (2)

where | H| is the absolute value of the magnetic field and Z is the intrinsic impedance of the medium, which
in this case 15 free space. Substituting the absolute value of By from (7—4-10) for | #] n (2] yields

157 I? .,
5, = wirtﬂasinm (3)
F
The total power radiated P 15 the integral of 5, over a large sphere; that 15,
x pw
P = ffs ds = 15:;[,&;;;..}3[ f Jiipa sin ) sind 0 dg 4)
L1} o
m
P =30n3{ﬂa:.;,}2f Jif{Ba sin ) sin 8 dé %)
a

In the case of a loop that is small in terms of wavelengths, the approximation of (7—6—1) can be applied
Thus (5) reduces to

1_ 4
P = %x*{,ﬁa]*i&f sin® @ do = 100 a1} (6}
[
Since the area A = 7a”, (6) becomes

P =10g*A"1 (N

Assuming no antenna losses, this power equals the power delivered to the loop terminals as given by (1)
Therefore,

.i'l
R, = logta’s} (%)
and
A 4

R, = il.l?l(—,) =197c (@) (%)

Small 32 Radiation

loap An? resistance
o R = 31_zm(l—1) @ (10)

This is the radiation resistance of a small single-tum loop antenna, circular or square, with uniform in-phase
current. The relation 15 about 2 percent in error when the loop penmeter 1s & /3. A circular loop of this penimeter
has a diameter of about A /10 Its radiation resistance by (10) 15 nearly 2.5 {3

The radiation resistance of a small loop consisting of one or more tums is given by (Alford-1),

2
Small loop B, = 31,200 (rr%) (£2) Ruaddiation resistance {10k}

&

where n = number ol turms



7) Pyramidal Horn Antenna:

Hoem maiuth

(a)

Figure 7-41 (a) Pyramidal horn antenna. (b) Cross section with dimensions used in analysis.
The diagram can be for either £-plane or if-plane cross sections. For the £ plane the flare angle
is dg and aperture ar. For the H plane the flare angle is fiy and the aperture ay. See Fig. T-42.

" The prrinciple o_,l"equ-'m’:'ry of path length ;r.f"t'mur ¥ principle) 1s appl;::ahl:: to the hom design but with a
different emphasis. Instead of requinng a constant phase across the hom mouth, the requirement 15 relaxed to
one where the phase may deviate, but by less than a specified amount 8, equal to the path length difference
between a ray traveling along the side and along the axis of the hom.

From Fig. 7-41,
é L
ek Rl o
a
-— 2
2L+ 8 ©
a
[ 3
3L (3)

|
=]

E
Y- -]

where

# = flare angle (F for £ plane,#y for A plane). deg
a = aperture (ag for £ plane, ag for & plane), m
L. = hom length, m
& = path length difference, m
From the geometry we have also that

.

B

L= (& <& L) ()

z|

and

-1 Teos ' —— i5)

(7]
=21 —_—
T2 L+é

i
I
.

5y = L
Optimwm horn~ <@/2)
dimensions dpcos(#f2)

= 1- cosif/2)

L = optimum § (6)

= optimum length (7




8) Yagi Uda Array:
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Figure B-31 Modern-version
G-element Yagi-Uda antenna with
dimensions. It has a maximum directivity
of about 12 dBi at the center of a
bandwidth of 10 percent at half-power.

A typical modern-version 6-elementYagi-Uda antenna is shown in Fig. 8-31. It consists of a
driven element (folded A/2 dipole) fed by a 300- 2-wire transmission line (twin line), a reflector
and 4 directors. Dimensions (lengths and spacings) are indicated on the figure. The antenna
provides a gain of about 10 dBi (maximum) with a bandwidth at half-power of 10 percent. By
adjusting lengths and spacings appropriately (tweeking), the dimensions can be optimized,
producing an increase in gain of another decibel (Chen-1, 2; Viezbicke-1).

However, the dimensions are critical.

The inherently narrow bandwidth of the Yagi-Uda antenna can be broadened to 1.5to 1 by
lengthening the reflector to improve operation at low frequencies and shortening the directors to
improve high-frequency operation. However, this is accomplished at a sacrifice in gain of as
much as 5 dB.

For the 1.5 & armay of Fig. 831, what is (@) HFBW, (#) axial mtio, (c) gain and () the pattern?

B Solution

(@) HPBW = 44° in plane of elements, HPBW = 647 in plane perpendicular to elements ( from pattem).
(#) AR = infinite (pure lnear polanzation).

(¢} Gain = 9.4 dBi by pattern integration.

() Paltern is shown in Fig. 8-32.

Figure 8-32 Power pattern of the Yagi-Uda array of Fig. 8-31. The narrower pattern s in
the plane of the elements.




