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ABSTRACT

Log Periodic array Antenna is one of the most important and
commercially used antennas for T.V. reception. It is used in
VHF and UHF bands. 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 array above is
considered and the analysis is carried out in the present work.
The computed data for Self-Impedance as a function of lengths
of elements and frequency and the Mutual Impedance as a
function of spacings of elements is presented.
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1. INTRODUCTION

Log Periodic antenna introduced by DuHamel and Isbell [1] is
frequency independent antenna which has a structural geometry
such that its impedance is periodic with logarithm of the
frequency. Fig. 1 shows a schematic structure of a log periodic
antenna.
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Figure. 1 Log Periodic Antenna Array

The antenna was designed and introduced by DuHamel. The
antenna consists of a metal strip whose edges are specified by
the angle o/2. The length from the origin to any point on the
structure is specified including a distance characteristic as [2]

0 =0,sin| bln L ()
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From equation (1) it can be seen that the values of 6 are
separated  whenever the logarithm of the radial frequency
In(w) = In(2xnf) differs by 2n/b. The performance the antenna is
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periodic as function of logarithm of frequency and hence the
name is log-periodic.

The array of log-periodic antenna consists of a sequence of side-
by-side parallel linear dipoles forming a coplanar array as shown
in Figure 1. The lengths, spacings and diameters increase
logarithmically as defined by the geometric ratio 7. That is, [3]
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The spacing factor ¢ is defined as
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wherea = Wedge angle = 2tan”’ (I_—Tj
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In Yagi Uda antenna only one element of the array is directly
energized by the feed line, while others operate in parasitic
mode whereas in log periodic antenna array all the elements are
connected to the feed line. Two methods are used to connect
feed line wherein in the first type the currents in the elements
have same phase relationship as the terminal phases. This
produces an endfire beam in the direction of longer elements. In
the second method the feed is crisscrossed or transposed
between the adjacent elements wherein a 180° phase is added to
the terminal of each element. Since the phase between the
adjacent closely placed short elements is almost in opposition,
very little energy is radiated by them and their interference
effects are negligible. But at the same time the longer and larger
spaced elements radiate. The mechanical phase reversal between
these elements produces a phase progression so that energy is
radiated endfire in the direction of shorter elements. The lowest
cutoff frequency occurs approximately when the longest element
is M2. Once the length of longest element is known then the
lengths of other elements can be calculated by the relation
shown in (2) with the knowledge of 1. The values of t and c are
obtained from Isbell curves. [4]. With ¢ the spacings and
diameters are obtained with a given frequency band.
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2. ANALYSIS OF ARRAY FOR 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 [5-7]. The problem was
conventionally simplified on the basis of a Hertzian dipole with
specified current moment for very low frequency range . 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 [8-10]. Thus, for a single centre-fed
dipole in free space [11]
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B=X, cosﬁ —cosﬁ
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where

In the above equations (4) and (5), V is the applied voltage, /4 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,
p=2n/4 and the other symbols are as defined below[11].

T, =2CIC, (1) -2cos BIC.(2/31)

(0)
—2cot BICIC (Bl)+ EXP.C (21)
where Cl=1+cos fl!
EXP = (cot flcos fl —sin fI)
For gl > n/2

I, =C.(0.57)+C2C.(E)—cos28IC.(2E)

+sin28[C.(B) ~C.2 - C2C, () )
+cos2BIC, (21)+sin2I[C,(E) - C,(2E)]

where C2=1+cos2pl
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when Bl = 7/2
FM[/H = ’;] =2C,(0.57) - C,(7) ®)

The complex functions Xy, Xy, X’x and X’y in equations (4)
and (5) are expressed as

X,=2"'(C,l, —jT,.T,) (9)

XY _ _jZ—l rdC (FdE COos :BZ - rU) (10
+ 1.1,

X'y = Lol i 11

rdB r, - jrdc r,
_ I ac Tag (12)

rds rV - jrd(‘ FA
where  Z =T, (I'yp cos Bl —T7y) + jT, T, (13)
The other symbols in the above equations are as follows:
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r, = R +2cos BIS(BI)—cos BIS(281) (15)

“oca
+sin SIS, (251)
— 2sin BIS, (1) + 2 cos RIS (BI) (16)

e = ool sin 281[S, (B - S, 28D]
+C28,(B)—cos 2B81S (281)
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2
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For a set of values for a and / all the functions shown above can
be calculated. Thus from equations (4) and (5) the self
impedance of the dipole is computed as

B - j60r",, cos Bl
*osinpl+ X, C3+X,C4

Vs
[ #—
for p 5
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Z — j6OFdA
’ —1+X|X_(1—\/§/2)X|Y 28)
v
or pl=—
for p 5

In the equations from (4) through (28) the various symbols used
are defined as follows. The generalized sine and cosine integrals
are defined as:

C,(ph)=C,(fa,pl)
C,2Bh =C(Ba,2p1)
C.(0.57)=C, (pa,x/2)

C.(E)=C,(Ba.pl-7/2)
C.(2E)=C,(Ba,2pl - 12)
C.(1)=C,(Ba,n)

C.(E)=C.(Ba,pl-x/2)
C.QE)=C.(Ba,2pl-x/2)

CS(P):CS[ a\/g’ﬂlj
2 2

_ V3 3p1
CS(Q)—CS{ﬂastJ
C.(R) =Cs[ﬂa\/2§,3ﬂl]

NG)

|

c.(n=c, (ﬂa

,ﬂlJ

The expressions hold good for other integrals shown in
equations (4) through (28). These generalized integrals are given
in the reference [11] and Appendix. The other symbols used are
defined as follows:

Cl=(+cospl)
C2=(+cos2pIl)
C3=(-cos fl)

—(1—cosPL
c4=(1 cosz)
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3. ANALYSIS OF ARRAY FOR MUTUAL

IMPEDANCE
2dy e T
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Figure. 2 Two non-identical element array

The open circuit mutual impedance between two parallel dipoles
of half-lengths ll and [ , spaced a distance § apart as shown
in Figure. 2 is calculated by

-1

Z =— j E_ (h)1,(h)dh (29)
" LOLO)

where [;(0) and 1,(0) are the input currents of No.l and No.2

antennas respectively. The A component of electric field E;(h)

produced at No.2 antenna by the current on No. 1 antenna is

given by [11]
- 30 2, 0*
E, =7 1,(WK (h, ")dh' (30)
i ﬂ[ﬂ ahh()( )
o IR
where K(h,h') = (31)
= [(h -h')? +s2]”2 (32)

Substituting equations (35) into (34) and using (4) and (5) for
I(h’) and I(h) the expression for mutual impedance can be
obtained as

a) for Bl; # n/2 and B, # /2,
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PM , +2(cos pl))M,
_j300- 1+ X,,sin gl
+ 5 Xy, sin(B1,/2)
M

Z = ¢ (33)
m Yqu

where
Y, =sinfl, + X, (1-cos fl))
[ (34
+XY1[1—cos%j

Y, =sin Bl, + X ;,(1—cos fl,)
(3%)
+XY2( - ﬂzlz)

oy o f[snBL=1hD+ X Cs
¢ |+ X,,C6

'

n| Xy cospl, —3X,, cos%

X (36)
o+ X, cos 2
KK dh'dh
i sin B(l,—[ )
M, = [K(h,0)+X,C5  |dh (37)
. +X,,C6

no | SnBU=1h)
M, = IKK + X, C5+ |dh (38)
1 X,,C6

b) for Bl;=n/2 and Bl, # n/2,

LM, +2M, +
730X 11 =1 X i sin(z/4)
M,
Z = ' (39)
YcYb
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where

' ' T
Y =-1+Xx-X n(l—coszj (40)
M, - Tlsin BL,—|h )+ X ,,C5+

) XY2C6

n| =142 X xi cos—
x| 2 \KK dh'dn (a1)
ol + X'y cosZ
4

c¢) for Bly=pl=m/2,

BPM,+2M ,
J30 [ C o ]M
; +HX xi =3 X nsin(z/4) M, 42)
! vy,
where
, , V4
Y, =—1+X x2-X yz(l—coszj (43)
(which will be identical to M, if d,)=d,)
v 2lsin B h| -1+ X x2cos Bh
‘ ol =X 'v2C7
f kh' P
Xj(—l+3X'x1 cos— +X'n cos4j (44)
0
KK dh'dh
" sinf|h|-1
M, = j K(h,0)| + X x> cos Bh | dh 45)
s - X '2C7
2 sin B h|-1
M, = [KK| " o |dn (46)
“n +X x2 COS,Bh—X r2C7

In the above equations the symbols used are defined as:
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C5 =cos fh—cos pl,

C6 = cosﬁ—cos&
2 2

Bh

C7= cos——cosz
2 4
KK =K(h,h')+ K(h,—h")

Since Xy, Xy, X'y and X'y are given in equations (9) to (12), the
integrals Ma through Mg can all be computed numerically, once
the values for d;,d,, I;, [, and s are specified. Hence the mutual
impedance in (33), (39) or (42) can also be computed. All the
equations from (4) to (46) are given in reference [11]. Also,
when Xy, = Xy, = Xy;= Xy, = 0, equation (33) reduces to
familiar expression for the case of simple sinusoidal current
distribution. In such case the mutual impedance is calculated as
[12]
_ je*jﬂ"] je*j/ﬁ‘z

I, h r
Z, =—3OJ 2jcoskhe " 7
o +
"o

sin B(1, — h)dh

r=Ns+h
where 7, =+/s” + (I, = h)’ (48)
ry=qs"+( +h)

4. RESULTS

In order to validate the impedances, an array of Log-
Periodic antenna is considered with Gain=9dB. The frequency
range was selected as 54 MHz to 600 MHz From Isbell curves
for 9 dB gain, 7=0.861 & 6=0.162. With this data obtained the
lengths, spacings and diameters are evaluated. The number of
dipole elements is taken as n=10. The numerical integrations of
the generalized sine and cosine integrals and the impedances
were computed using MATLAB. The impedances were
computed for frequency of 54 MHz were plotted as shown in the
figures [3-6] that follow.
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The variation of self impedances with lengths of elements for a o )
. . . Variation of Absolute Self Inpedance with Frequency
fixed frequency of 54 MHz is shown in Figure 3 below.
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& 5. CONCLUSIONS
o The following conclusions are evident from results presented
Spacing of Elements above.
Figure. 4. Variation of Mutual Impedance 5.1 Self Impedance
Figure 5 illustrates the variation of Self Impedances with e The self impedance is purely dependent on frequency of
different frequencies. operation
e As it can be seen from results the self impedance for
The variation of absolute self impedance with logarithm of frequency of 54 MHz is increasing from smallest
frequency for the first three elements is shown in Figure. 6. Element to largest element but it may not be true for all
equencies.

e The variation of self impedance with frequency is
periodic and hence the name Log-Periodic.
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5.2 Mutual Impedance

e For a fixed operating frequency the absolute value of
mutual impedance seems to decrease from smallest
element to largest element, but it also depends on
spacing of elements.

® For a fixed operating frequency the absolute value of
mutual impedances depends on length and spacing of

the elements between each element.
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7. APPENDIX

The generalized sine and cosine integrals appearing in equations
(6) to (28) are expressed as [9]

X o 2 2
siny/ y~ +b dy (Al)

S(b,x) = [7

0 ﬂyz +b2

t1-cos4y> +b°
Clb.x) = [— 2 " gy (A2)
0

’y2+b2
L cosq/ v + b’

Cb,x) = [——ay (A3)
e

X o : 2 2
Ss(b’x)zfs1nys1n1/y +b dy (A4)

0 [y2+b2
tcos ysina/y* +b° dy (AS)

S.(b,x) =
S s
Cs(b’x):j‘sinycos\/yz+b2dy (A6)

0 ﬂyz +b2
X 2 2

Cc(b,x)zj.(l cosy)cos+/y +b dy (A7)
0 \/yz "rbz

= tcos ycosq/y’ +b°
C.(b,x)= j -y (A8)
0 ﬂy +b

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