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Introduction

T HE InternationalSpace Station (ISS) solar arrays comprise the
largest deployable space structure ever built and put into or-

bit, as shown in Fig. 1. The Space Station S-band communications
system and global positioningsystem (GPS) antennas have to track
satellites in a wide � eld of view region and will encounter block-
age from the solar panels. Because the ISS is being assembled in
space, a ground test for the communication and navigationantenna
performancewith ISS assembly complete is not possible.Computer
simulation for assessingISS communicationand navigation system
performance is important for mission planning and operations. To
model the solar array panels properly in a computer simulation for
assessing ISS communication system performance, the solar array
blockage effects are investigated.

The solar array panel is a composite structure formed by closely
spaced solar cells. The solar cells are silicon and are welded on the
front surface of the solar array panel. A grid of copper strips that
collect the current is on the back side of the solar array panel, as
shown in Fig. 2.

Rigorous signal strength computations, including multipath ef-
fects from ISS structures, require considerable computing time. A
detailedelectromagneticmodelingof the solar array panelsby com-
posite conductors and dielectrics is very complicated and expen-
sive with currently available numerical techniques and computer
resources. This Note investigates whether the solar panel can be
modeled approximately by a conducting plate for S-band commu-
nication and GPS signal strength prediction.
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Flight Data and Simulation Results
The � ight data for the ISS S-band communicationsand GPS sys-

tems were recently obtained. Figures 3 and 4 show the � ight data
of the S-band communicationssystem signal strength with solar ar-
ray panel blockage at 2.0875 GHz. Figures 5 and 6 show the � ight
data of the GPS signal strength with solar array panel blockage at
1.575GHz. The simulationdata are computedusing the geometrical
theory of diffraction (GTD).1 Reasonable agreement is achieved by
modeling the solar array panel as a � at conducting plate (11.68 by
34.5 m). In the GTD computation, the re� ected and diffracted � eld

Fig. 1 Solar panels cause blockage to communicationsand navigation
antennas.

Fig. 2 Back side of the solar array panel.
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Fig. 3 GTD computed signal strength compared with � ight data for
S-band low data rate communication link.

Fig. 4 GTD computed signal strength compared with � ight data for
S-band high data rate communication link.

Fig. 5 GTD computed signal strength compared with � ight data for
selected GPS satellite pass 1.

Fig. 6 GTD computed signal strength compared with � ight data for
selected GPS satellite pass 2.

at a � eld point r 0, Er;d.r 0/, can be computed as

Er;d.r 0/ D Ei .r /Dr;dAr;d .s/e¡ j ks (1)

where E i .r/ is the � eld incident on the re� ection or diffraction
point r , Dr;d is a dyadic re� ection or diffraction coef� cient, Ar;d.s/
is a spreading factor, and s is the distance from the re� ection or
diffraction point r to the � eld point r 0. Dr;d and Ar;d can be found
from the geometry of the structure at re� ection or diffraction point
r and the properties of the incident wave there.

Conclusions
The ISS is being assembled in space. Thus, conventional ground

tests for communicationand navigationsystem performanceare not
possible with the ISS completely assembled. Rigorous computer
simulations are important for ISS communication and navigation
system performanceassessment.Both � ight data and computersim-
ulation results presented in this Note indicate the solar array panels
may bemodeledusingperfectre� ectingplatesat S-bandfrequencies
for communication and GPS signal strength predictions.
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12228-840 São José dos Campos, São Paulo, Brazil

and
H. T. Nagamatsu¶ and L. N. Myrabo¤¤

Rensselaer Polytechnic Institute,
Troy, New York 12180-3590

Introduction

I T has been suggested by several authors1¡4 that aerodynamic
drag and heatingof a hypersonictransatmosphericvehicle (TAV)

couldbe greatlyreducedby addingenergy to the air aheadof it. Such
energy additioncouldbe accomplishedby focusinga powerful laser
or microwave beam ahead of the TAV � ight path, as it has been
originally suggested by Myrabo and Raizer2 in 1994.

Myrabo and Raizer called the effect of reducing aerodynamic
drag and heating by electromagnetic radiation, the directed-energy
“air spike” (DEAS). One of the � rst experimental con� rmation of
such an effect came in 1996 when a model of the Apollo reentry
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