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INTRODUCTION

The Twin Loop Antenna (TLA) created by K.Endol is widely used for TV broadcast
in Japan and in China because of their broadband and simple feeding,but an exact
theory of TLA has not been completed.

The radiating elements of TLA are a pair of excited loops (L, & L) and a pair
of image loops (L4 & Lj) located symmetrically with respect to the reflector of
screen-type (Fig.l). In early researches the input impedance Z;» of TLA was com-
puted based on the mutual impedances such as Z,, =225 , Zs¢ =223, Z;3 =724 between
two isolated loops and the self impedance 2%, =25, of an isolated loop in free
space, and on the impedance transformation from the excited point of loop to the
feeding point of TLA.

The measured curves of mutual impedances by Endo? only suit the loops with one
wavelength circumference, they are msuff1c1ent for computing the frequency res-
ponse of Z;, . Tizuka3, Bhattacharyya Abul-Kassem® et al. solved the simultane-
ous integral equations of currents along two identical parallel circular-loops
using the method of Fourier expansion, and gave the impedances for different ar-
rangements, but the arrangement which suits the computation of 2,, and Z,; has
not been given. Authors computed the mutual impedances for all the cases which
are encountered in the structures of TLA using the electromagnetic force method
(e.m.£.)6:7 and the moment method (MM)8.9 respectively.

Nevertheless, all of the privous methods have an intrinsic disadvantage, that
the mutual impedance between two loops in the practical TLA is different from
that in free space because of the effects of multicoupling among all loops. Endo
and Satol0,1ll analized the whole structure including both the radiating and the
irradiating elements of TLA with the reflector of grid-type using the MM , and
computed the input impedance of TLA directly. This can be regarded as a rational
idea for analizing TLA rather then designing it.

In this paper the excitation impedance Z; is analized and computed with consi-
deration the multicoupling anong all four loops using the MM . There are several
main differences between this work and reference” :

(a) The analysis of MM excludes the irradiating elements of TLA such as the

parallel transmission lines and the loading or tuning stubs .

{b) The ideal image loops are used to substitute the reflector of screen-type

which is equivalent to the reflector of grid-type in practicelO.

{c) The improvements on the singularities of integral kernel in equations and

on the selection of basis functions of currents are made .

(d) The point excitation with infinitesimal gap at the excited point of loop

is considerd .

MOMENT METHOD SOLUTION
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The simultaneous operator equations of four parallel loops have been derived
by analogy to the equations of two loops’

4 IO
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M=1.2,3.4
the integro-differential operators ( 4,»2=1,2,3,4) are

L= L[ Y58 61+ B 601 %) 2

and the Green's function in free space is G( ¢, |® )=exp(-ikR,y )/4 TR,y |

where 7% is wave impedance, Kk is wave number, R,, 1is the distance between the
field-point located at ¥, of the surface of I, and the source-point located at
@/ of the axis of L,. This distance is determined by the geametric relations be-
tween these loops.

According to the symmetry of structure, the parallel feeding, the negative po-
larity of images, and the uniform definition of orientation of angles ¢ and @,
in the sense of counter-clockwise, the relations of current polarities I;=-I,=
I3=-I; and of exciting voltages V,=-V, hold. When the unknown currents along
each loop are expanded in terms of the basis functions { Y, ( ¢J,’)|n=1,2,..-,N } as

’ ” 4

{ I, = = G ¥ (@)
d=1.2.3.4

the equation describing the boundary condition of electric fields on L; is

Lo {2, eI} =V 5@y

thus N algebraic equations can be derived using the operation of inner-products
with the weighting functions of { W qb, ) l m=1,2,-,N }respectively, and then a
matrix equation can be expressed as

Fc = Vz w , (4)
where the unknown vector of (N x1) order @ =[ C,] may be computed from the known
vector of (Nx1) order W =[ w,(0)] and the matrix of (NxN) order f =[ f..,].
where the generalized impedance parameters are ( m, n =1,2,++- N )

4 P+ 2 ,
fhm = ,JZ_-,(—]) a’j; W”‘(qsl) cﬁ!ﬂ[wn(%)qu“{ R (3)
From the inversion of equation (4), the vector of coefficients in (3) is

cC=(Fwyv .

so that the excitation impedance of loop L, is obtained as

Z,=V /100 =1/(YF'W) . (6)

where the known vector of (Nx1) order is W =[ ¥, (0)].

, (1)

, (3)

NUMERICAL RESULTS

The nurerical computation of impedances have been performed from equation (6)
for the TLA with the following sizes: (.£/27ra)=0.015 ; ( h/27ra)=0.250~0.300;
( D/a )= 3.8~7.0 . The computed data of 2,= R;+jX; have been processed using
the fitting of a polynomial as shown in Fig.2 .

In practical computation, the number of independent parameters f,,, have been
decreased by the symmetry of structure of TLA, the partial integration have been
used to reduce the sigularity of Green's function for the purpose of improving
the accuracy of solution®. Both the Galerkin Method with triangular pulse bases
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( N=6 ) and the MM with the bases of B-splines of 4th-order and the weighting
functions of triangular pulses ( N=6 ) are used, the results of each method are
convergent_and very close, but the latter only needs about 1/6 computer time of
the former

DISCUSSION

After the excitation impedance 2; is ottained, a tuning stub constructed at
this excited point as a shunt succeptance provides rational local tuning,that is
beneficial to widen the frequency bandwidth of TLA. Fig.2 shows that X; are al-
ways negative in all operation band, so0 a tunable inductive stub with less than
a quarter of wavelength is suitable (Fig.3). This structure of TLA is used fre-
quently in China.

In general the feed impedance Z; can not effectively describe the matching si-
tuation of TLA, because a balun must be inserted between the coaxial feeder and
antenna.Therefore an excellent design of TLA _should take the balun into account,
this matter will be detailed in other paper13 .

The authors wish to thank Mr.Yang Xian Hua for his help in performing the data
fitting and drawing .
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