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Application Limits of Transmission Line Approximations
for Design of Electromagnetic Absorbers
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Abstract

The scattering problems from electromagnetic absorbers can be greatly simplified using the
transmission line approximations (TLLA) and effective medium theory. This method has been widely
used for the absorber design because of its very simple calculation and intuitional approach, while
numerical analysis needs the tremendous computation requirements, This paper examined the
accuracy and limitations originated by the intrinsic approximation limits of TLA by comparison with
FEM results for various absorber design examples. It was found that the TLA result is valid when
A = 2p, where A is the wavelength of the interested upper frequency and p is the distance
between two periodic cone arrays. Therefore, the electromagnetic absorbers having high material
properties and big base-area commonly do not meet this condition, and the electromagnetic
scattering from those absorbers must be evaluated by the numerical analysis in those cases,
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Fig. 1. Transmission line approximation,
(a) original problem,
(b) equivalent TLA model,
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Fig. 4. Comparison of calculation results for the reflectivity of a 12" pyramidal absorber according to variable
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Table 1. Complex relative permittivity data on the pyramidal dielectric absorbers having variable carbon fractions

in polyurethane substrate[le].

Polyurethane pyramid absorber
Frequency 7% loading 10% loading 26% loading 34% loading
(MHz) ; P ; P ; ” ; 7
€, &, o £, €y Ey &, &y

30 1.84 0.78 1.92 1.26 1350 17.86 3796 58.19
40 1.72 0.67 1.78 1.04 1061 15.28 3234 4916
50 1.65 0.59 169 0.90 8.80 13.35 2821 43.18
60 159 0.53 1.62 0.80 758 11.86 25.09 3883
70 1.56 0.49 1.58 072 6.70 10.67 2261 3542
80 152 0.46 155 0.66 6.04 9.72 20.60 3272
90 149 043 151 0.61 553 893 1893 30.46
100 148 040 149 0.57 512 827 17.52 2856
150 1.40 032 140 0.44 392 6.07 12.36 2197
200 1.37 0.27 1.36 0.36 335 483 10.35 17.99
250 1.34 0.23 1.33 0.31 3.00 402 8.74 15.25
300 131 021 131 0.28 2.78 346 768 13.27
400 128 018 1.28 0.23 2.52 2.72 6.35 10.55
500 1.26 0.15 1.26 0.20 2.37 2.25 560 8.77
600 1.24 0.14 1.24 0.18 2.26 1.92 5.09 751
700 1.24 013 122 017 218 1.67 471 6.53
800 1.22 012 121 0.16 211 147 442 573
900 121 012 121 0.4 205 1.30 420 5.05
1000 1.20 013 1.20 012 201 117 4.05 448
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