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tion of the radiation fields. The FMM .employed here
uses diagonalized translation operators for the three-
dimensional Helmholtz equation. [2] The FMM is an
iterative solution technique that requires O(Nl'S) op-
erations per iteration as opposed to the matrix-vector
multiplication being an O(N2) operation per itera-
tion and the direct solution having O(N3) computa-
tional complexity. It is this efliciency of the FMM
that allows us to solve hundreds of relatively large
problem s with limited computational resources. The
FMM has been mostly used for scattering problems.
We have placed a dipale source in the boxes and
adapted the FMM to compute the radiation fýelds.
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Figure 2: (a) A rectangular box with no apertures.
(b) Maximum radiated field on a 3 meter sphere.
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The radiation results presented in this section show -301 : ~ ,,-/'. .
the maximum value of the electric field on a spheri- 500 1000 ~:uency (~O:) 2500 3000

cal surface 3 meters away from the conducting boxes (b)
over a frequency range of 500 MHz to 3000 MHz.
Figure 2(a) shows a closed box with no apertures Figure 3: (a) Laptop computer model with one big
pun,ched on it. Ideally, the radiation from such a aperture. (b) Maximum radiated field on a 3 meter

box should be zero. However, the computational re- sphere.
sults will indicate a smail amount of radiation, as

/112

seen in Fig. 2(b), due to the approximate nature of
the way the boundary conditions are satisfied on the
conducting walls of the box. This low level of radi-
ation can be called "nurnerical leakage" and consti-
tutes the reference level against which other radia-
tion results should be compared. Figures 3(b) and
4(b) show the radiation plots for the boxes with one
large apertures ea-ch, as illustrated in Figs. 3(a) and
4(a), respectively. Clearly, the radiation levels for
these two examples are significantly higher than that
of Fig. 2. Figure 5(a) shows a different aperture con-
figuration, where there are several smailer apertures
and the total area of the apertures is equal to the
area of the single large apertures shown in Figs. 3(a)
and 4(a). The radiation plot for this configuration is
shown in Fig. 5(b), where the radiation level is seen to
be lower compared to Figs. 3(b) and 4(b). This sug-
gests a simple way to suppress the radiation without
compromising the area of ventilation and I/O open-

ing.
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Figure 4: (a) Laptop computer model with one big
aperture. (b) Maximum radiated field on a 3 meter

sphere.
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