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Abstract

Yagi-Uda Antenna is one of the most important and commercially used
antennas for T.V. reception. Although the analysis of this antenna is reported
in literature, the data of self impedance & mutual impedance is not fully
available. But, this data is useful for the optimal design of the antenna. In view
of this the above antenna with different characteristics and space distributions
is considered and the analysis is carried out and such vital data is obtained and
presented.

Introduction

Yagi-Uda antenna consists of a number of linear dipole elements. One element is
energized directly by a feed transmission line while others act as parasitic radiators
whose currents are induced by mutual coupling. A folded dipole is most commonly
used as active element. The antenna is exclusively designed to operate as an endfire
array which is accomplished by having the parasitic elements in the forward beam
acting as directors while those in the rear act as reflectors. The Yagi-Uda antenna is
widely use as a T.V. antenna. It is usually used at frequencies between about 30MHz
and 300MHz, or a wavelength range of 10 metres to 1 cm [1]. The original design and
operating principles of this radiator were first reported in papers [2, 3].

The active element of a Yagi-Uda antenna consists of a dipole whose length is A/2
where A is the operating wavelength. The parasitic elements consist of one reflector
and few directors. The length of the reflector is greater than A/2 and is located behind
the active element. The length of each director is less than A/2 and they are placed in
front of the active element. The spacing between the each element is not identical and
it can be considered as a non-linear array. The number of directors in the antenna
depends on the gain requirements. [4]

Yagi-Uda array may be regarded as a structure supporting a traveling wave whose
performance is determined by the current distribution in each element and the phase



116 B.I. Neelgar and G.S.N. Raju

velocity of the traveling wave. The objective of the design is to make a "travelling
wave" structure with currents in the elements all contributing to the far field in the
forward direction. The contributions are designed to add up in phase in the forward
direction, and to cancel in the reverse direction. The director elements are cut shorter
than the driving element, which is itself a little shorter than a half wavelength at the
design frequency. The reflector is cut to be about a half wavelength and it is longer
than the driving element and spaced closer than are the directors. The directors
present a capacitative impedance, acting like two lengths of open circuit transmission
line each a little shorter than a quarter wavelength to a hypothetical generator at the
centre formed from the "induced emf" set up by the impinging fields. For a closely
spaced driving element and parasitic element, isolated from each other as far a
electrical conduction currents are concerned, the currents are oppositely directed as
can be seen in the discussion on folded dipoles with the folds cut off. As the spacing
is increased, the currents remain oppositely directed until when the spacing is a half-
wavelength, the contributions to the far field add up in phase in the "endfire
direction". [4]

The major role of the reflector is played by the first element next to the one
energized. Considerable improvements can be achieved if more directors are added
the array. Usually most antennas have about 6 to 12 directors. The lengths and
diameters of the directors and reflectors, as well as their respective spacings
determine the optimum characteristics. Usually Yagi-Uda antenna arrays have low
input impedance and relatively low bandwidth.

Salient features

e Yagi-Uda antenna consists of a driven element, a reflector and one or more
directors.

e The active element is a folded dipole which has a length of A/2 and it is at
resonance. Length of director is less than A/2 and length of reflector is greater
than \/2.

e [ts radiation pattern is almost uni-directional.

e Reflector resonates at a lower frequency and director resonates at a higher
frequency compared to that of a driven element.

e More directors can be added to increase the gain. In this case, directors can be of
equal length or decreasing slightly away from the driven element.

e The mutual impedance of the antenna depends on the spacing and the length of
the elements.

e Highest gain is obtained when the reflector is slightly greater than A/2 in length
and space at A/4 from the driven element and when the length of director is
about 10% less than A/2 with an optimal spacing of A/3.

e The reflector spacing and size have negligible effects on the forward gain and
large effects on backward gain and input impedance.

e The maximum gain of a Yagi-Uda is limited to an amount given approximately
by the gain of a dipole times the total number of elements.
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Yagi-Uda antennas are quite common in practice because they are lightweight,
simple to build, low cost and provide desirable characteristics for many applications.
The performance of radiation, gain depends upon the self and mutual impedances of
the array. The analysis of self impedances and mutual impedances and the formulae
involved along with the results are discussed in the next sections. Section 2 explains
the analysis of self impedance. Section 3 describes the analysis of mutual impedance.
Section 4 depicts the calculations of self and mutual admittances. Section 5 shows the
results of the impedances calculated for different characteristics of antenna.

Analysis of Self impedance

The radiation characteristics of an antenna in the presence of a lossy ground depend
substantially on the infinite ground conductivity and in homogeneity [5, 6. 7]. The
problem was conventionally simplified on the basis of a Hertzian dipole with
specified current moment for very low frequency range [8]. But, for higher frequency
a finite length antenna should be considered.

In the present analysis, the array is considered to be symmetric and the element
half length is not greater than the limit of 5A/8. The analysis is carried out by King
and Wu’s three term assumption for the current [9]. Thus, for a single centre-fed
dipole in free space[10]

jV . T
I(hy=————|sinfB(I-1h)+A+B 1+ = 1
(h) 6OFdACOSﬂl[ BU-1h1) | for B > (1)
A= X, (cos fh—cos fBl)
where
B:XY(cosﬁ—cosﬁj
2 2
or
-JjV . T
I(h)= sin S1hl-1+C+D or [=— 2
<>6OFdA[ i 1 for B > 2
C=X xcosfh
where .
D=X y[cosﬁ—coszj
2 4

In the above equations (1) and (2), V is the applied voltage, & is the distance along
the dipole axis measured from the feeding point, / is the half-length of the dipole, a is
the radius of dipole, f=2x/A and the other symbols are as defined below[10].

For Bl <n/2
T, =2CIC,(Bl)—2cos BIC,(2/31) - 2cot BICIC,(Bl) + EXP.C,(2/3]) (3)
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Cl=1+cos fl
where )
EXP = (cot Sl cos fl —sin Bl)
For Bl > n/2

T, =C.(0.57)+C2C.(E)—cos2IC. 2E) +sin2BI|C. (81— C. 24|~ 2. (BI)

4
+cos2IC, (281) +sin28I[C, (E) - C,(2E)] @
where C2 =1+cos2pl
When Bl = n/2
FdA(ﬂl =§j = 2C,(0.57) - C, (%) 5)

The complex functions Xx, Xy, X’x and X’y in equations (1) and (2) are
expressed as

Xy = z" (FdBFV - deCFA) (6)
X, =-jZz'[[, (T, cos fl—T,)+T,T,] (7)
, r. T
X x = dB flA (8)
Ll — gL,
. T
X y = .] dc ‘dE (9)
Ll — Ty,
where Z =T (I’ cos Bl - )+ jr,T, (10)

The other symbols in the above equations are as follows:

L = 2 G- 22 -2 2B cn + 22 cop -2 e opn - (1)
B —2SC(,BZ)+cos,BlSC(2ﬁl)+2cos,BlS(ﬂl)—cos,BlS(2,Bl) 1
I C4| +sin SIS, (281) (12)
1 [~2sin IS, (1) +2cos IS, (B1) ~sin 2 8IS, (B1) - S (2BD) 19
€7 C4 |+ 28, (BI) - cos2BIS (2 81) (

1 .
Ly = a[G1 + .]Hl] (14)
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Gl:25inh‘1(1j—C(P)—C(Q)—sinh ( jcosﬁ
a a

1

+%COS%C(R)— '82 S(R)+cos'6 C(21)

with (15)
Lo erys Lain ! o
+200s 5 C(T)+2 5 —S8(T)—2cos— C(ﬁl)
==S(P)-S(Q)+— sm’B2 C(R)+ cos’B S(R)
By L, AL Bl
+2c S 5 S(T) 5 5 =—C(T)+2cos 5 NE) (16)
—COS%S(Z,BZ)
T, =G, + jH, (17)
with
G, =—sin2I|C. (1)~ C. 2D+ cos2BI[C, (81~ C, D]+ C.(BI) (18)
H, =sin2BI[S.(B1) - S, (2BD)]-cos2BI[S (B1) - S, (2D]|- S, (BI) (19)
T, =cos BI|C.(2B1) - C. 2B |+ sinknC, (2 81) 0
+ jlcos BI[S2B1) - S, (281)] - sin SIS, (281)}
T, =G, + jH, 21)

with
[

G, =cos Al {sinh“ (—
2 a

Lem-Lter-c L Bligip -

J 2C(R) 2C(T) C(2ﬁl)}+2sm > [SR)-SM)] 22
H :cosﬁ[S(Z,Bl)—lS(R)—lS(T)} —sm—[C(T) C(R)] (23)
} 2 2 2 2

For a set of values for a and [ all the functions shown above can be calculated.
Thus from equations (1) and (2) the self impedance of the dipole is computed as

= jo0r, cos Bi
sinfl+X C3+X,C4

for Bl ¢% (24)

Jjoor,,

7 = : ,
1+ X x —(1=-2/2)Xy

s

for ,Bz:% (25)
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In the equations from (1) through (25) the various symbols used are defined as
follows. The generalized sine and cosine integrals are defined as:

C,(f)=C,(Ba,pl) C,(2B1)=C, (Ba,2I) C.(0.57)=C,(Ba,x/2)
C.(E)=C,(Ba,fl-7/2) C,RE)=C,(fa,2Bl-xl2) C (7)=C, (Ba,r)

C(E)=C,(Bapl-rl2) C,2E)=C, (Ba,2pl-r/2) C,(P)= c{ aggJ
cS(Q)=CS[ a§3—§l} CS(R)=CS[,Ba§,3/ﬂJ cS(T)=cs(ﬂa§,ﬂz]

The expressions hold good for other integrals shown in equations (1) through (25).
These generalized integrals are given in the reference [10]. The other symbols used
are defined as follows:

Cl=(1+cospl) C2=(1+cos2pI) C3=(-cospfl) C4:(1—cos%)

Analysis of Mutual Impedance

The open circuit mutual impedance between two parallel dipoles of half-lengths 1; and
1, spaced a distance s apart as shown in Fig. 1 is calculated by

2d) o
w20y
i

[ ]
J—
i
=
I
=
[
_
d

Figure 1: Two non-identical element array.



Impedance Characteristics of Yagi—Uda Antenna 121

-1

Z = ~Tono.) J-Esl(h)l (h)dh (26)

where I;(0) and I,(0) are the input currents of No.1 and No.2 antennas respectively.
The h component of electric field Egj(h) produced at No.2 antenna by the current on
No. 1 antenna is given by [9]

_j30 2 az ! ] ' '
g =—J0 | 1. Kh hdr (27
=3 (ﬂ +ah2]_£l( VK (h, 1)l (27)
e—jﬂR
where K(h,h') = (28)
=lh—n)? +s52]" (29)

Substituting equations (35) into (34) and using (1) and (2) for I(h’) and I(h) the
expression for mutual impedance can be obtained as

for Bl; # n/2 and Bl, # /2,
;" j30{BM , +2(cos BL)M, =1+ X, sin B, +L X, sin(BL, /2)]M, } 30)
m YaYb
where
. Bl
Y, =sinfl, + X, ,(1-cosBl,)+ X,, 1—0057 (31)
. Bl
Y, =sinfBl, + X ,(1—cos Bl,)+ X,,| 1 - 5 (32)
12
M, = [[sin UL~ 1h1)+X,,C5+X,,C6] X
=12
1 '
I(XXI cos Bl, -3 X,, cos ﬂzh +X,, cos’le jKK dh'dh (33)
0
12
M, = [K(h,0)sin B,~1h1)+ X ;,C5+ X,,C6dh (34)
-2
12
= j KK|[sin B(I,— 1 h1)+ X ,,C5+ X, C6)dh (35)
=12
for Bl; = n/2 and Bl # n/2,
j30fBM, +2M, + (X i =L X visin(r/ 4} G6)

m YC Yb

where
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. . V4
Y =-1+X x1—-X YI(I—COSZJ (37)

12

M, = [lsin BU,~1hD+X ,,C5+X,,C6] X
=12

11

I(—1+%X'x1 cos@+x'y1 cosijth'dh (38)
: 2 4
for Bll = B12= 7[/2,

_j30{pM, +2M | +[X 5 -1 X visinz/ M}

39
" YY, 59)
where
Y, =—1+X x2 — X'n(l—cos%) (40)
(which will be identical to M. if d,=d;)
2
M, = [lsinB111-1+X x2cos fh— X 'r2C7]
=12
r kh' r
X J'(—1+%X'x1 c057+X'y1 costKth'dh (41)
0
12
M, = [K(hO)sinB1h1-1+X x2 cos fh— X v2C7]dh 42)
=12
2
M, = [KKl|sin B171-1+ X x2 cos B~ X v2C7]dh (43)
-2
In the above equations the symbols used are defined as:
C5 =cos fh—cos fl, C6=cos%—cos% C7:cos%—cos§

KK =K(h,h')+ K(h,—h'")

Since Xy, Xy, X'x and X’y are given in equations (6) to (9), the integrals Ma
through Mg can all be computed numerically once the values for d; d>, [;, [; and h are
specified. Hence the mutual impedance in (30), (36) or (39) can also be computed.
Also, when Xx; = Xx» = Xy;= Xy2 = 0, equation (30) reduces to familiar expression for
the case of simple sinusoidal current distribution. In such case the mutual impedance
is calculated as [11]

Iy I —JjBn . —Jpr ; —jpro
Zm — _30( Jje _Je " 2] Ccos khle ]sin ﬂ(lz — h)dh (44)

0 h r Iy
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r=~s>+h
where 7, = st + (A h)* (45)

r, =./s° +( +h)2

Results

In order to validate the impedances, different sets of Yagi_Uda antennas with five
elements where the directors have fixed length and ten elements with tapering
wavelength are considered as follows. The numerical integrations of the generalized
sine and cosine integrals and the impedances were computed using MATLAB and are
listed in the tables [11-34] shown below. The radius of all elements is assumed as
0.001 m. For each configuration the impedances were computed for different
frequencies at 200MHz, 250MHz and 300MHz as listed.

Impedances (Ohms)

Table 11: Frequency = 200 MHz.

Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.4 A;

Zy11131.1 —589.80i|Z,,[118.3 —28.10i |Z53,|67.8 —54.20i |[Z4;|18.9-71.80i |Zs|-24.1 —61.90i
Z1,|118.3 —28.10i |Z,,|1638.7 — 1252.51|73,(180.5 + 51.201 |Z4,|134.2 - 44.10i |Z5,|70.6 — 91.80i
Z3| 67.8-54201 |Z,3|180.5+51.201 |Z35;(590.5 + 828.70i|Z43|184.0 + 53.71 |Zs53|138.3 —42.6i
Zi4| 18971801 |Z,4|134.2-44.101 |Z3,{184.0+53.71 |Z441590.5 + 828.7i|Zs,|184.0 + 53.7i
Z15|-24.1 - 61.901 |Z,5/70.6 —91.80i Z35|138.3-42.61 |Z45|184.0 + 53.71 |Zs5/590.5 + 828.71

Table 12: Frequency = 200 MHz.

Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.3 A;

Z111131.1 —589.81|Z,;[118.3 —28.101 [Z3,(49.5-33.4i |Z4]|13.3-50.0i |Zs|-18.4—44.2i
Z15|118.3 —28.101|Z,,|1638.7 — 1252.51|7Z5,|137.3 + 66.71 |Z4,|102.5 —24.51 |Zs5,|54.5 — 66.2i
713149.5 -33.4i |Z,3|137.3 + 66.71 733142.9 + 254.4i| 751102 + 27.91 |Z53|83.8 —26.8i
Z14113.3 -50.01 |Z,4102.5 —24.51 Z34|110.2 +27.91 |Z,44(142.9 + 254 4i1|Z54|110.2 + 27 .91
Z15|-18.4 —44.21 |Z,5|54.5 — 66.2i 735|83.8-26.81 |Z45[110.2+279i |Zss5|142.9 +254.4i

Table 13: Frequency = 200 MHz

Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.2 A;

Z11|131.1 —589.81|Z,,|118.3 —28.101 |Z3]26.2 — 14.81 |Z4;6.9 -25.41 |Zs5|-10.0-22.9i
71,118.3 —28.101|Z,,|1638.7 — 1252.51|Z3,|74.5 + 52.91 |Z4,|55.7-8.51 |Zs,|29.8 —34.2i
7131262 —14.8i |Z,;|74.5 +52.9i Z33|41.5 - 157.91|743|33.3 - 6.1 Z53125.5 - 11.9i
714169 — 25.4i Z,4|55.7 - 8.51 734|333 -6.01 |Z44]41.5-157.9i|Z54|33.3 - 6.0i
Z15(-10.0 —=22.9i |Z,5(29.8 —34.2i 7351255 - 11.91 |Z45|33.3-6.0i |Zs5|41.5—-157.9i
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Table 14: Frequency = 200 MHz

Lreflector= 0.6 A; Lactive = 0.5 A; Other directors = 0.45 A to 0.1 A with tapering interval of 0.5 A ;

Zy; [131.1 —589.8i|Z,; |118.3-28.10i |Zs; [72.5-62.6i Z4y [189-71.81 |Zs; [-21.8-54.0i
Zi, [118.3 -28.10i|Z,, |1638.7 — 1252.5i|Z+, [187.2 +36.4i |Z4, |134.2-44.1i |Zs, |64.3—-80.7i
Zi3 |72.5-62.61 |Z,; |187.2 +36.4i Zsy [1724.1 +911.71|Z43 |188.8 + 53.1i |Zs3 [128.6 —37.1i
Zis |189 7181 |Zy, [134.2 -44.1i Zsy [188.8 +53.11  |Zyy [590.5 + 828.71|Zs4 [167.5 + 53.6i
Zis [-21.8-54.01 |Z,5 |64.3 -80.7i Zss [128.6 —37.11  |Z4s |167.5 +53.61 |Zss |268.4 + 503.5i
Zie |-38.3—-23.91 |Zy |5.3-74.2i Zs6 [59.2 —70.1i Zio [107.2-2991 |Zss [129.7 + 39.6i
Zy7 [-32.9+1.61 |Z,; |25.8 -44.3i 737 6.7 —60.8i Z4 |46.5—-53.61 |Zs; [76.9-22.9i
Zig |17.4+13.001 |Zyg [-29.1 —14.1i Zsg |-17.3-33.51 |Z4 |5.8-42.11 Zss 130.5 -35.0i
Zig [-4.1+11.61 |Zy |-17.6 +2.4i Zso [-17.7-9.9i Z4o [-9.5 —20.3i Zso |3.7-23.51
Zyi91.3+5.21 Z510]-5.7 + 5.0 Z310(-8.5 +0.7i Z410]-7.8 —4.81 Zsio |-3.8—8.8i
Ze |-38.3-2391 |Z7 |-32.9 + 1.6i Zgi [-17.4+13.01  |Zo; |-4.1+11.61 |Zyy |1.3+5.2i
Zep |5.3-74.2i 77, |-25.8 —44.3i Zs, [-29.1 —14.1i Zo |-17.6 424 |Zypn |-5.7+5.0i
Zesy 159.2-70.11 |Z,; |6.7—60.8i Zgy |-17.3-33.51 |Zo3 |-17.7-9.91 |Z05 |-8.5+0.7i
Zey [107.2 -29.91 |Z;4 |46.5 —53.61 Zgy |5.8-42.1i Zoy [-9.5 —20.3i Zios |-7.8 -4.81

Zss [129.7 +39.61 |Z45 [76.9 —22.9i Zgs 130.5 —35.0i Zos |3.7—23.51 Zyos |-3.8 — 8.8i
Zeo |142.9 +254.41|Z76 |86.1 + 18.9i Zsge |46.2 —16.0i Zos [15.9—18.61 |Zg6 | 1.6 —9.51

Zes7 [86.1 + 1891 |Z; |82.1 +35.6i Zg7 |47.3 +1.0i Zy7 [21.9 —-9.51 Ziy7 159711

Zes |462— 160 |Zy |47.3 + 1.0 Zgs |41.5- 15791 |Zog [20.1-7.51 |Zygs |72—-4.1i
Zeo |15.9—18.61 |Z |21.9-9.5i Zg [20.1 -7.5i Zoo |20.3-370.1i |Z,g0 |5.7 - 6.4i
Zo10] 1.6 - 9.5 Z110]5.9-7.1i Zsl72-4.1i Zoi|5.7 - 6.4i Z1010|8.2 — 655.5i

Table 21: Frequency = 250 MHz

Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.4 A;

Z11/125.9 —557.1i|Z,,|118.3 —28.10i |Z3,|67.8 —54.20i |Z4;118.9-71.80i |Zs;|-24.1 —61.90i
Z15|118.3 —28.10i|Z,,|1500.9 — 1170.31|Z3,|180.5 + 51.20i|Z4,|134.2 - 44.10i |Zs,|70.6 — 91.80i
Z13| 67.8 —54.20i |Z,;|180.5+51.20i |Z33|588.0 + 783.9i|Z43|184.0 + 53.71 |Zs3|138.3 —42.6i
Zi4| 189 —71.80i |Z,4|134.2 - 44.101  |Z34|184.0 + 53.71 |Z44]588.0 + 783.91|Zs,|184.0 + 53.7i
Z15|-24.1 - 61.90i |Z,5/70.6 —91.80i Z35|138.3 -42.61 |Z45/184.0 + 53.71 |Zs5|588.0 + 783.9i

Table 22: Frequency = 250 MHz

Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.3 A;

Z111125.9 —557.11|Z,;|118.3 = 28.10i |Z3,|49.5-33.41 |Z4|13.3-50.0i |Zs|-18.4 —44.2i
Z1,|118.3 —28.101|Z,,|1500.9 — 1170.3i|Z3,|137.3 + 66.71 |Z4,|102.5-24.51 |Zs,|54.5 — 66.2i
713]149.5 -33.4i |Zx|137.3 +66.7i Z33|143.3 + 245.11|Z43|110.2 + 27.91 |Zs3|83.8 —26.8i
Z14|13.3 =50.0i |Z,4|102.5 —24.5i 7541102 +27.91 |Z44|143.3 +245.11|Zs4({110.2 + 27.9i
Zi5|-18.4 —44.2i |7Z,5|54.5 — 66.2i 7:5/83.8—26.81 |Z45|110.2 +27.9i |Zs5|143.3 + 245.1i

Table 23: Frequency = 250 MHz

Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.2 A;

Z11125.9 —557.11|Z,;|118.3 —28.101 |Z3;]|26.2 - 14.81 |Z4|6.9-25.41 |Zs5|-10.0-22.9i
Z15|118.3 —28.101|Z»|1500.9 — 1170.31|Z3,|74.5 + 52.91 |Z4,|55.7-8.51 |Z5,|29.8 —34.2i
731262 - 14.81 |Z,3|74.5 + 52.91 733|41.6 — 149.31|743|33.3 - 6.1 Z53125.5-11.9i
7,416.9 — 25 .4i 7-4155.7 — 8.51 7541333 -6.01 |Z44|41.6 —149.3i|Z5,/33.3 - 6.01
Z15/-10.0 —22.91 |Z,5/29.8 —34.2i 735|125.5 - 1191 |Z45|33.3-6.0i |Zs5|41.6 —149.3i
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Table 24: Frequency = 250 MHz.

125

Lreflector= 0.6 A; Lactive = 0.5 A; Other directors = 0.45 A to 0.1 A with tapering interval of 0.5 A ;
7y, |125.9-557.11|Z,, |118.3 =28.101 |Zs, |72.5-62.61 |Z4 [189-T1.81 |Zs; |-21.8—54.0i
Zy, |118.3-28.101|Z, [1500.9 —1170.31|Z3, |187.2 +36.4i |Z4 |134.2-44.1i |Zs, [64.3-80.71
Z;3 |72.5-62.61 |Z,; [187.2 +36.4i Z3; |164.9 +802.1i|Zy; |188.8 +53.1i |Zs; [128.6—37.1i
Zyy |189-T71.81 |Zy, [134.2 -44.1i Zs, |188.8 + 53.1i |Zyy |588.0 + 783.91|Zs, [167.5 + 53.6i
Zs | -21.8-54.0i |Z,s |64.3-80.7i Zs |128.6-37.1i |Z45 |167.5+53.61 |Zss |268.6 +482.1i
Zig |-38.3-23.91 |[Zy |53 -74.2i Zsg 159.2-70.11 |Z4s |107.2-29.91 |Zss [129.7 +39.6i
Z17 1329+ 1.6 [Z,; [25.8—-44.3i Z3; |6.7—60.8i Zy |46.5-53.61 |Zs; [76.9-22.9i
Zig [174+13.00  [Zyg |-29.1 — 14.1i Zsg |-17.3 -33.51 [Z45 |5.8—-42.1i Zsgs 130.5—35.0i
Zio |41+ 1161  |Zoy |-17.6 + 2.4 Zw |-177-991 |Z4 [-95-203i |Zsy [3.7-23.5i
Z1p|1.3+5.21 Zy10|-5.7 +5.01 Z310|-8.5 +0.71 Zy0|-7.8 —4.81 Zsyo |-3.8-8.81
Zg |-38.3-23.91 |[Z7 [-32.9+1.6i Zg |-17.4+13.01 [Zo; |-4.1 +11.6i Zioy |1.3+5.2i
Zgy |5.3-74.2i Z7 |-25.8-44.31 Zg |-29.1 -14.1i |[Zg |-17.6+2.41  |Zyp |-5.7 +5.0i
Zez 159.2-70.1i [Zp |6.7 —60.81 Zgs |-17.3-33.51 |Zo; |-17.7-991 |Z03 |-8.5+0.71
Zey 1107.2-29.9i [Z7, [46.5 —53.6i Zgy |5.8-42.1i Zoy |-9.5-2031  |Zyp4 |-7.8-4.8i
Zes |129.7 +39.61 [Z;55 |76.9 —22.9i Zgs [30.5-35.00i |Zos |3.7-23.5i Zios |-3.8—8.8i
Zes |143.3 +245.11|Z76 [86.1 +18.9i Zge |46.2-16.01 |Zgs |15.9-18.61 |Zjp6 |1.6—9.51
Ze¢; 186.1 +18.91 |[Z4; [82.5+35.21 Zg; 147.3 +1.0i Zyo7 121.9 -9.51 Ziy7 [59-7.1i
Zeg 146.2-16.01 |[Zs5 |47.3 +1.0i Zgg |41.6 —149.31 |Zog |20.1 —7.5i Zigg |7.2-4.1i
Zeo |15.9—18.61 |Z |21.9-9.5i Zso |20.1 =751 |Zgo |20.3-350.8i |Zyg0 |5.7 — 6.4i
Z610|1.6 —9.51 7710|159 -7.1i Zg19| 7.2 -4.1i Z919|5.7 - 6.4i Z1010|8.2 - 619.1i
Table 31: Frequency = 300 MHz.
Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.4 A;
Z11|121.6 — 530.6i|Z,;|118.3 —28.10i  |Z5,|67.8 —54.20i |Z4|18.9 - 71.80i |Zs;|-24.1 — 61.90i
Z15|118.3 —28.101|Z»[1392.9 — 1104.9i|Z3,|180.5 + 51.20i|Z4»|134.2 - 44.10i |Z5,|70.6 — 91.80i
73| 67.8 —54.20i |Z,3]|180.5 + 51.201  |Z33]585.6 + 746.91|Z43|184.0 + 53.7i |7Zs3|138.3 —42.6i
Z14| 18.9 —=71.80i |Zy4|134.2 -44.10i  |Z34|184.0 + 53.7i |Z44]585.6 + 746.9i1|7Zs,|184.0 + 53.7i
Z51-24.1 - 61.90i |Z,5/70.6 —91.80i 73511383 -42.61 |Z45]184.0 + 53.7i |7Zs5|585.6 + 746.9i
Table 32: Frequency = 300 MHz.
Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.3 A;
Z111121.6 — 530.6i|Z,;|118.3 —28.10i  |Z5,{49.5-33.4i |Z4|13.3-50.0i |Zs,|-18.4 —44.2i
Z,[118.3 —28.10i|7,,|1392.9 — 1104.9i1|Z3,|137.3 + 66.7i |Z4|102.5 —24.51 |Zs5,|54.5 - 0.0662i
713149.5 -33.4i  |Z,3|137.3 + 66.7i Z33]143.6 +237.51|Z43(110.2 + 27.9i |7Zs3/83.8 —26.8i
714113.3 - 50.0i |Z,4{102.5 — 24.5i Z34|110.2 4+ 27.91 |Z44[143.6 + 237.51|Z54|110.2 + 27.9i
Z15|-18.4 —44.2i |Z,5/54.5 — 66.2i 735|83.8 —26.81 |Z45]110.2 + 27.9i |Zs5|143.6 + 237.5i
Table 33: Frequency = 300 MHz.
Lreflector= 0.6 A ; Lactive = 0.5 A; Other 3 directors = 0.2 A;
Z11[121.6 —530.61|Z,,[118.3 = 28.10i  |Z5,(26.2 —14.8i [Z4]6.9-254i |Zs5|-10.0-22.9i
Z15|118.3 —28.101|Z,,[1392.9 — 1104.9i(Z5,|74.5 + 52.91 |Z4»|55.7 —8.51 |Z5,(29.8 —34.2i
72131262 - 14.8i |Z,3]|74.5+52.9i Z53]41.7 - 142.3i|Z43|33.3 - 6. 7531255 -11.9i
Z14]6.9 —25.4i 7,4]55.7-8.51 734|333 6.0 |Z44]41.7 —142.31|Z54|33.3 - 6.0i
Z5]-10.0 —22.91 |Z,5(29.8 —34.2i 7351255 -11.9i |Z45|33.3-6.0i |Zs5|41.7 —142.3i
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Table 34: Frequency = 300 MHz.

Lreflector= 0.6 A; Lactive = 0.5 A; Other directors = 0.45 A to 0.1 A with tapering interval of 0.5 A ;
Zy; [121.6 —530.6i|Z,; |118.3-28.10i |Z3; [72.5 - 62.6i Z4y [18.9-71.81 |Zs; [-21.8—-54.0i
Z, [118.3 —28.10i|Z,, [1392.9 - 1104.9i|Z+, [187.2 +36.4i |Z4, |134.2-44.1i |Zs, |64.3 —80.7i
Zi;3 |72.5-62.61 |Z,; |187.2 +36.41 733 [1613.1 + 714.31|Z4; |188.8 + 53.1i |Zs3 |128.6 —37.1i
Ziy 1897181 |Z,4 |134.2-44.1i Z3, |188.8 +53.1i |Z44 [585.6 + 746.9|Z54 |167.5 + 53.6i
Zs [-21.8-54.0i |Z,5 |64.3 -80.7i Zss [128.6 —37.11 |Z4s |167.5 + 53.6i |Zs5 |268.8 + 464.5i
Zi |-38.3-2391 |Zy |5.3-74.2i Zs6 [59.2 —70.1i Z4e [107.2 -29.91 |Zss [129.7 + 39.6i
Zy7 [-329+1.61 |Z,; |25.8 —44.3i 737 6.7 —60.8i Z4 |46.5-53.61 |Zs; |76.9—2209i
Zig 174 +13.01 |Zog |-29.1 — 14.1i Zsg |-17.3 -33.51 Zig |5.8 —42.1i Zss |30.5—-35.0i
Zio |-4.1+11.61  |Zyy |-17.6 +2.4i Z39 |-17.7-9.9i Zy |-9.5-20.31 |Zso |3.7-23.5i
Zyi9|1.3+5.21 Zr10|-5.7 +5.0i Z310/-8.5 +0.71 Z410|-7.8 —4.8i Zsio |-3.8—8.8i
Ze1 |-38.3-2391 |Z7 |-32.9 + 1.6i Zgi |-17.4+13.001  |Zo; [-4.1+11.6i |Zyo [1.3+5.2i
Zep |5.3—-74.2i 7, |-25.8 —44.3i Zg |-29.1 — 14.1i Zo |-17.6 424 |Zypn |-5.7 +5.0i
Zez 159.2-70.11 |Z4 |6.7—60.8i Zs3 |-17.3 —33.51 Zoy |-17.7-991 |Z,03 |-8.5+0.7i
Zes 1107.2 -299i |Z,, |46.5 —53.6i Zgy |15.8-42.1i Zoy 1-9.5-20.31 |Zyo4 |-7.8 -4.8i
Zss [129.7 +39.61 |Zq5 |76.9 —22.9i Zss 130.5 —35.0i Zos |3.7—23.51 Zyos |-3.8 —8.8i
Zeo | 143.6 +.237.51|Z76 |86.1 + 18.9i Zse [46.2 —16.0i Zog |15.9—18.61 |Zps |1.6—9.5i
Zes7 [86.1 + 1891 |Z; |82.8 +34.8i Zg7 |47.3 +1.0i Zy; |21.9-9.5i Zio7 15.9-7.1i
Zeg 146.2-16.01 |Zs5 |47.3 +1.0i Zsg |41.7 14231 |Zog [20.1 —7.5i Ziog |7.2-4.1i
Zeo [15.9-18.61 |Z79 |21.9-9.5i Zgo [20.1 —7.51 Zgo [20.3 —335.1i |Z1g9 |5.7-6.4i
Zs10| 1.6 —9.51 Z710/5.9 -7.1i Zgi0|7.2 —4.1i Z919|5.7 — 6.4i Zy010/8.1 — 589.4i
Conclusions

The following conclusions are evident from results presented above.

Self Impedance

The self impedance remains same for fixed operating frequency and fixed length
of element.

The self impedance of the elements is dependent on frequency of operation. As
frequency is varied the corresponding self impedances of the different elements
of the antenna also vary.

The self impedances of the active element which is of the length 0.5 A and the
element with length of 0.45 A are having marginally higher values compared to
other elements for that corresponding operating frequency.

As the operating frequency is increased the self impedance decreases for all
elements.

For a fixed operating frequency the self impedance decreases with decrease in
length of antenna where length is less than 0.45 A

Mutual Impedance

For a fixed operating frequency and fixed length of elements the mutual
impedance decreases from first element to last element.

The mutual impedances remain same for fixed lengths of elements and fixed
spacing independent of frequency.
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e For a fixed operating frequency the mutual impedances decrease with decrease
in lengths of the elements.

e The variation of self impedance with lengths of elements for a fixed frequency
and for different frequencies is shown in Fig. 2 and Fig. 3 below respectively.

]
Wariation of Self Impedance for frequency of 200 MHz
1800 T T T T T T T

1600
1400
1200
1000
800 -

600 -
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U 05 05 045 04 035 03 02 02 015 0.1
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Figure 2: Variation of Self impedance with lengths.

“ariation of Self Impedances with frequency
30001 = T T
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2000 - A ’ : B

15008,
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1000 Il ‘ -

500 F g 1

1 - 1 — .
4 345 3 25 2 15 1 05 0
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Figure 3: Variation of Self impedance with frequency.

The variation of Mutual Impedances with the spacing between the elements and
lengths of elements is shown in Fig. 4 below. Note that Zijy= Zji, Zi3=Z3i,
2232232 ....... , 291022109.



128

B.I. Neelgar and G.S.N. Raju

Mutual Impedances
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Figure 4: Variation of Mutual Impedances.
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Appendix
The generalized sine and cosine integrals appearing in equations (3) to (25) are
expressed as [10]

X 2+b2
Sh,x) = [Ny T2 4 (A1)

(A2)
C(b,x) = j% B (A3)
0 y 2 +b 2

S (box) = J-sm ysiny 2er2 (Ad)
0 \/y +b

2
S (byx) = J‘cosysmq/y 2+b (AS)
0 \Y +b
Cs(b’x)_J-smycosw/y2+b dy (A6)
0 Ay +b

(1 —cos y)cos+/ y* + b?

C.(b.x)= | ( Y )2 2"y (A7)
0 \/y + b

— CcoS cos\/ + b2

C.(b,x) = j TN (A8)
0 \/y + b

The numerical integrations are carried out using MATLAB in all the analysis
carried out for impedance calculations.
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