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TABLE I

AVERAGE PERCENT DEVIATION BETWEEN THE MEASURED DISPERSION

AND THE MODELS LISTED IN THE REFERENCES
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The results for 18 different resonators are given, and the smallest deviation for

A New Wire Node for Modeling Thin Wires in

each case is highlighted

models gave the most consistent results for the substrates (2.2 <

Cr < 9.8) and line impedances (35 Q < c, <75 L?) that were tested.

Caution should be exercised in extrapolating these conclusions to

substrates and line widths outside this range [13].
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Abstract —A new three-dlmensionaf wire node for the numerical solu-

tiou of electromagnetic field problems by transmission line modeling has

been developed. The wire node can represent thin wires in a coarse mesh,

thus substantially increasing computational efficiency. The scattering ma-

trix for the node is given, together with a simulation result and compar-

isons with another method.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

I. INTRODUCTION

Transmission line modeling (TLIvf) has been applied exten-

sively to the solution of electromagnetic field, diffusion, and

network problems [1]. The use of TLM results in algorithms

which are easy to understand and can be efficiently implemented.

Knowledge of the electromagnetic fields inside structures such as

aircraft and vehicles is useful for EMC studies. Usually of more

interest is the calculation of voltages and currents induced on

thin wires or antennas within such structures.

In practical cases the small size of these wires and the close

proximity of metaf boundaries can make the modeling of such a
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geometry difficult. Various techniques have been used within

TLM models to cope with such geometries, and these have been

termed separated, integrated, and diakoptic solutions [2].

Integrated techniques model the wire within the field solution

by short-circuiting selected nodes or transmission lines, but only

at certain discrete points. The advantage of this technique over

the separated solutions is that reradiation effects are modeled

automatically. However, a fine mesh is required to model a thin

wire accurately. The use of a fine mesh is generally not practical

in that large computer resources are required. The simplest

integrated wire model available is the short-circuit node [2], but

this has poor propagational characteristics and a large, fixed

radius relative to the nodal spacing. Separated solutions compute

only approximate results, and the diakoptic’ methods present

difficulties when using time and space approximations.

A new TLM node is required which allows the integrated

modeling of wires of small radii but without the disadvantages

associated with the short-circuit node.

II. T’HE WIrw NODE

The new node reported here is a development of the symmetri-,

cal condensed node already used successfully in TLM [3], [4]. The

wire node explicitly includes in its scattering properties the

effects of a wire passing through the node along one of the

coordinate directions, as shown for the Z direction in Fig. 1.

Along the Z direction energy is distributed between the standard

modes (lines 2, 4, 8, 9) and the new “common mode” (lines 13

and 14). Stubs have been introduced into the symmetrical con-

densed node [4] and the new lines 13 and 14 may also be

regarded as a pseudostub. The common mode represented by

lines 13 and 14 models the wirelike properties within the node.

As with the symmetrical condensed node, a physical network is

not available and the scattering matrix of the wire node has to be

determined from Maxwell’s equations and conservation of charge

and energy. The latter condition requires, for a lossless junction,

that the scattering matrix ~ be unitary [5]:

STZZ!J=y (1)

where ~ is the admittance matrix of the transmission lines.

From these considerations J can be obtained and is

v.

I

v“’--’
Fig. 1. TLM symmetrical condensed n>de with wire (wIre node).

The admittance of the common-moile lines can be computed

using the standard formula for a wire within a square coaxial

cavity:

6

‘~= 601n(0.54Al/r)
(3)

where Al is the internodal spacing and r is the wire radius. Y in

(2) is set equal to 21&/~, where ~ is the admittance of free

space.

Such a new code can be used in a very coarse TLM mesh to

model a thin wire.

III. RESULTS AND D NCUSSION

To confirm that the new wire node can model thin wires (that

is, wires with a radius much smaller than the nodal spacing M),

the geometry shown in Fig. 2 was modeled in two different ways.
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Fig. 2. Open box geometry. Dimensions m meters, hatched lines indicate

open-circuit boundanes.
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Fig, 3, Comparison of the frequency spectra for the geometry of Fig. 2 using
u) fine mesh and b) wire node.

First, a fine mesh (45X25X 25 nodes) model of this geometry

was constructed using the ordinary symmetrical, condensed node,

where the wire was modeled in the normaf way by short-circuit-

ing the transmission lines at a distance A 1/2 from the wire

center. This is a slightly more accurate model than the short-circuit

node mentioned in Section I and, for the problem under consid-

eration, models an effective wire radius of 0.011 m.

Second, exactly the same problem was modeled using a coarse

mesh of 9 X 5 X 5 nodes. In this case a wire of radius 0.011 m

cannot be described by short-circuiting nodes, as the nodaf

distance is too large (Al= 0.1 m). For this reason, the thin wire

was modeled using the new wire node. Substituting r = 0.011 m

in (3) gives the admittance and hence the scattering matrix of the

wire node.

Both numerical models of the problem were subjected to a

plane wave impulse excitation as shown in Fig. 2. Results for the

wire current obtained from the two models are compared in Fig.

3 (frequency response) and Fig. 4 (impulse response). Solid lines

are for the conventional model using fine mesh and short-circuited

nodes to model the wire. Broken lines are for the coarse mesh

and the new wire node modeling the wire. Considering the

differences in the modeling approach in the two cases, the

agreement is excellent up to 1 GHz. This suggests that the wire

node can accurately model thin wires (r << A 1). Agreement above

approximately 1 GHz is less good, but this is not due to the

properties of the wire node. It is due to a general deterioration in

Fig. 4. Comparison of the time-domain response for the geometry of Fig. 2

Filtered to 1 GHz using a) fme mesh and b) wme node.

accuracy in modeling the field problem, as the number of nodes

per wavelength is too small above this frequency.

The use of the wire node results in enormous benefits. For the

example given, there is a 1/625 saving in computer execution

time and a 1/125 saving in storage with little loss in accuracy.

At present only wires at the center of the node have been

modeled. It should be possible in the future, using this technique,

to model thin wires, off-center and multiconductor wires pro-

vided the scattering mattix can be calculated.

The wire node marks an important development in TLM, as it

makes possible the description of thin wires within a coarse mesh,

thus offering substantial savings in computer storage and run

time.

Work is in progress to study the behavior of the wire node in

different configurations, especially near terminations.

ACKNOWLEDGMENT

The authors wish to acknowledge the contribution to this work

made by the late Professor P. B. Johns.

[1]

[2]

[3]

[4]

[5]

REFERENCE5

P. B. Johns, “The art of modeling,” IEEE Electron and Power, pp.

565-569, Aug. 1979.

P. Naylor, C. Christopoulos, and P. B, Johns, “Coupling between electro-

magnetic field and wires using transmission-line modeling,” Proc. Imrt

Elec. Eng., vol. 134, ~,t A, no, 8, pp. 679-686, Sept. 1987.

P. B. JOkS, “New symmetrical condensed node for three-dimensional

solution of electromagnetic-wave problems by TLM,” E/ectron Lett., vol.

22, no. 3, pp. 162-164, Jan 1986.

P, B. Johns, “A symmetrical condensed node for the TLM method,”

IEEE Trans. Mzcrouwue Theo~ Tech.. vol. MTT-35, pp. 370-377, Apr

1987.

R. E. Collin, Foundutmns for Mzcrowaue Engureer!ng. New York:

McGraw-Hill, 1966

Anisotropic Measurements of Rubber Sheets with an

X-Band Three-Wave Interferometer

RENE SARDOS, JEAN-FRAN~OIS ESCARM,ANT, AND

EMMANUEL SAINT-CHRISTOPHE

Abstract —A three-wave recordhrg interferometer has been modified in

order to adapt it for tlhe anisotropic measurements of rubber sheets

Manuscript received April 4, 1989; October 23, 1989.

The authors are with the Laboratoire de Physique Exptnmentale et des

Mrcroondes, Uurversit6 de Bordeaux I, 351, Cours de la Lib4ratlon, 33405

Talence, France.

IEEE Log Number 8933000.

0018-9480/90/0300-0330 $OLO0 ~1990 IEEE


