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An Analysis of Log Periodic Antenna
with Printed Dipoles

ALAKANANDA PAUL, hff3MB~lt, IEEE, AND INDERJEET GUPTA

Abstruet-.4n amdysfs of Log Periodic Antenna with Printed DIpoks fs

presented here. In this anaiys~ the wave equation for Hertz potential fs

solved in Cmtesbrn caorrffnata applying the boundary comfftiorrs of a flat

strip dfpole. Using thfs mode~ the fnput currents to the antenna elemen@

the current distribution of the antenna elemen~ and the radiation pattern

are cnmputed. The computed rcsufta are compared with experimental

results.

I. INTRODUCTION

I N RECENT years frequency independent antennas [1]

have gained significant importance. The Log Periodic

Dipole Array (LPDA) is an important type of frequency

independent antenna and was invented by Isbell [2] at the

University of Illinois in 1958.

Several theories based on the transmission line ap-

proach have been put forth for the analysis of LPDA [3],

[4], [5]. Welter [6] derived a theory of Log Periodic Dipole

Antenna as a solution of the antenna boundary value

problem. He calculated the current distribution on an-

tenna elements by solving the wave equation for Hertz

potential in cylindrical coordinates, satisfying the ap-

propriate boundary conditions.

At microwave frequencies, wire dipoles may be bent

due to rough handling causing asymmetries in the struc-

ture, which, in turn result in back radiation and side lobes

[7]. Therefore, it is better to replace the wire antenna by
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printed dipole which is more rugged and can be easily

fabricated.

In this paper, a mathematical model for the analysis of

LP array using printed dipole is developed following

Welter’s method [6]. However, in this case, the wave

equation for Hertz potential is solved in rectangular coor-

dinates satisfying the boundary conditions of a flat strip

dipole.

II. ANALYSIS

The antenna consists of N parallel flat strip dipoles. The

antenna lies in the x–y plane of the rectangular coordinate

system as shown in Fig. 1. The details of the n th element

are shown in Fig. 2 and the dimensions of the test array

are given in Table I. The elements are fed by a symmetri-

cal transmission line with the characteristic impedance Zo.

The two conductors of the transmission line are separated

by a dielectric sheet of thickness t. An extra phase shift of

180° is introduced by switching the connection of the

adjacent elements.

In the following analysis the dipole elements are as-

sumed infinitely thin and perfectly conducting for the

sake of simplicity. If t is infinitesimally small, the two

strips of elements can be considered to be at z = O. Taking

the time variation as exp (jot) the wave equation for

Hertzian vector will reduce to

Awn + K;wn = O (1)

where KO is the wavenumber in free space. m. will have

only y component due to the choice of coordinate system.

Since each element is symmetrical in x, y, and z about its
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Fig. 1. The antenna in a system of Cartesian and spherical coordi-
nates, x=rsin8sin@, y=rcosf3, z=rsin Osin@

Dlellzctrlc Reg!on I Metal fotl

Fig. 2. Details of the nth element.

TABLE I
p~lE31S OF ‘hST zhT13NNA

T . 0.867, 0 = 0.152, T.1A = 0.977, 20 = 69.106 ohms, N=15
max.

, 1
,

S. No. , Iieishc ‘hn’ ; Dis tan., r 1 q [ Width ‘ 2wn“ of
n

of
I

, of dipole 1 from apex in dipole in .hat
dipole ‘ in cm I cm 1

I 1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

9.375

8.128

7.047

6.110

5.297

4.593

3.982

3.452

2.993

2.595

2.250

1.951

1.691

1.466

&2.857

37.157

32.215

27.931

24.216

20.995

1S.203

15.782

13.683

11.863

10.285

8.917

7.731

6.703

1.172

1.016

0.881

0.764

0.662

0.574

0.498

0.432

0. 37h

0.324

0.281

0.244

0.211

0:183

15 1.271 5.812 0.159

Width of balame feeder w. - 3.675 mm.

center, then w. for the given value of kX and kY is given by

~.= Ce-YIZnlcos kXxcoskYy. (2)

To make it more general, it should be written in Fourier

integral representation

. e+nl dkxdky . (3)

The current on the dipole is assumed to be in y direction

only and the surface current density is given by

Jy(x, y)= Hxlz=o+– Hxlz=o-. (4)

The boundary condition (4) leads to

. COSkY y dkXdkY (5)

where In(y), the current on the n th dipole assumed uni-

formly distributed across the element, can be represented

in a Fourier series with only odd cosine terms, because

Zn(hn)=o:

I.(y)=
()

~ A~8cos ~: . (6)
S- 1,3,5... n

Following Welter [6], currents on the antema elements,

extended to infinity by current less nonmetallic strips, can

be expressed as a Fourier integral and one can obtain the

Hertz vector ~. due to the nth element. The Hertz vector’

for the total radiation field n, can be obtained by sum-

ming up the fields for the individual elements.’

The coefficients A.$ in (6) can be determined by the use

of boundary condition for the electric field on the surface

of the metal antenna and the voltage conditions at the

feeding points of the dipoles

~lz=o>x=lo,y=o+ – ~lz=o>x=lo,y=o-= % (7)

where UOis the feeding voltage of the element o and

Ey,=EylZ= O,X=Io=()k;+? T,lz=o,Xqlo=O (8)
ay2

on the metal part of the dipole v.

From these, one gets the following infinite set of linear

equations from which A~= can be calculated:

N

~ ~ %+%,= U.,
$= 1,3,5,... n=l

m=l,3,5,..., u=1,2,.. .,N

(9)

where

z
_ 8~h.ho sm(– 1)’+~ w ~ sinkXw.

mons
1/

k ~ (k;-k;)
7%0 Wn 00.

COS kY h.
“cos(kxx~c )

()
S2- ~k, 2

COS kY hO
. dkXdkY .

2h 2
m2 —

()
~kY

w

(lo)

The coefficients Z~On. ire impedances representing in-

teraction between the elements. The feeding voltage U.+l

is known and other feeding voltages UOcan be calculated

in terms of I. (0) and the geometrical antema parameters

based on a transmission line approach [6].

Once A.. coefficients are known, current distribution

on the antenna elements are obtained from (6). The
Hertzian vector and electric field can also be obtained.
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The electric field will be given by

(s-1)/2

. Z ~X4n3 ‘(- lJh ,Coskyhn”coskxxn

$= 1,3,5,...
S2 –

()

~ ‘,
v

.coskYy. e-’lznldkXdkY.

In the far field EY must take the form

(11)

(12)

If the far field approximation is applied, the integral

equation (11) can be solved with the help of stationary

phase method. In the spherical coordinates (Fig. 2):

.exp( –jkOl~sin/3sin@~ cos (kohneos 0)
n

~ A., ‘(;;)(’-1)’2 z& (13)
S= 1,3,5,...

s2-

(

~kOcos8
T )

where K is a constant and & is a unit vector in O direction.

From this equation radiation pattern can be computed.

1~1. R13SULTS

An antenna for S-band was designed by Carrel’s method

[3] by making use of the equivalence between a cylindrical

dipole and a flat strip dipole. The antenna was designed

for a directive gain of 9 dB and input impedance of 50 S2.

A perspex sheet of 1.5-mm thickness was used as the

dielectric (ceff = 2.62). The antenna was fabricated by

using a thin copper foil.

In the calculations, the Fourier series was approximated

by its three terms in order to save computer time in the

existing computer [IBM 6044]. For our test antenna even

at the highest frequency considered (3.2 GHz) hn /A <1

and convergence of the Fourier series was good. Welter

[6] pointed out that for h. /A <1.25, the five-term ap-

proximations are very good. Cheong and King [4], [5] used

a three-term theory for accurate determination of antenna

parameters for h. /A <0.625.
Fig. 3 shows the computed amplitude of the input

currents to the antenna elements. The results are similar

to the available results for LP array with cylindrical

dipoles [6]. It confirms that at any frequency only a part

of the antenna (active region) is in resonance, the ampli-

tude of the input currents to the antenna elements drop

off rapidly on both sides of active region and as the

frequency is increased, the active region moves towards

apex. Fig. 4 shows the computed current distributions on

the antenna elements. As expected, the current distribu-

tion on a resonant antenna element is the same as on a

half wave dipole, The current along the long elements
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Fig. 3. Computed amplitude of the iuput currents to the antenna
elements (only the indicated points are important).
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Fig. 4. Computed current distribution on the antenna elements. y/lrfl is

the abscisssa and Iln(y)l/l In I_ is the ordinate.

drops as cos (ry/2h~ ), and on the short elements there is

almost a linear decline of current.

Fig. 5 shows the measured radiation patterns along with
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f =2.0 GHz
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Fig. 5. Computed (—) and measured radiation pattern (---).

the computed radiation patterns. The radiation patterns

are shown in x–y and x–z plane. It is clear that the beam

is always directed towards the apex of the antenna.

Frequency independent behavior is observed over the

designed range of the antenna. The computed pattern is in

reasonably good agreement with the measured radiation

pattern. We strongly believe that the discrepancies be-

tween the experimental and computed pattern are prim-

arily due to the experimental errors. The experiments were

performed on a roof top in free space with the antenna

mounted on a manually rotated turntable. Apart from the

117

human error and wind effects, there might have been

reflections from surrounding objects. Thus, slight dis-

crepancies in the radiation pattern, e.g., displacement of

side lobes etc. in the x–- plane can be explained. The

discrepancies in the radiation pattern in the x–z plane are

more different in form and the back radiation and side

lobes observed in experimental curves may be due to the

asymmetries in the fabricated antenna. Furthermore, the

Balun was not investigated thoroughly and a locally avail-

able design was used.

IV. CONCLUSION

An analysis of a log periodic array with printed dipole

has been done as boundary-value problem by solving the

wave equation for Hertz potential in rectangular coordi-

nates applying boundary conditions on a flat strip dipoles.

This theory can be extended to other configurations using

linear parallel flat strip dipoles.

One limitation of this analysis is that the effect of

dielectric is not considered. One way to take this into

account is to assume that the antenna is fully immersed in

the dielectric, which can be easily done by replacing k. by

propagation factor in the dielectric and then modify the

calculated results by a correction factor [8].

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[s]

REFERENCES

V. H. Rumsey, Frequen~ Ina%pendent Antenna, New York:
Academic, 1966.

D. E. Isbell, “Log Periodic Diple Array: IRE Trans. Antennas
Propagat. vol. AP-S, pp. 260–267, May 1960.
R. L. Carrel, “The Design of Log Periodic Dipole Antezma; IRE
Int. Convention, Rec., 1961, pt. 1, pp. 61–75.
R. W. P. King and W. M. Cheong, “Array of Unequal and Un-
equally Spaced Dipolesfl Radio Sci. vol. 2, (New Series), no. 11, pp.
1303– 1315, Nov. 1967.
R. W. P. King and W. M. Cheong, “Log Periodic Dipole Antenna:
Radio Sci,, vol. 2 (New Series), no. 11, pp. 1315– 1325, Nov. 1967.
J. Welter, “Solution of Maxwell’s Equations for Log Periodic Di-
pole Antenna; IEEE Trans. Antennas Propagat., vol. AP-18, pp.
734–741, Nov. 1970.
K. G. Balrnain and J. N. Nkeng, “Asymmetry Phenomena of Log
Periodic Dipole Antenna; IEEE Trans. Antennas Propagat. vol.
AP-24, pp. 402–411, Jtiy 1976.
P. K. Agrawal and M. C. Bailey, “An Analysis Technique for
Microstrip Antennas: IEEE Trans. Antennas Propagat. vol. AP-25,
pp. 756-760, Nov. 1977.


