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Fast Symplectic Raytracing: Visualization of a Nested Spacetime

TETSU SATOH,t® HIDEHIKO IWASA,"t HARUO TAKEMURA®.CC
and NAOKAZU YOKOYAt

This paper presents the Fast Symplectic Raytracing which is an improved version of a sym-
plectic raytracing. The symplectic raytracing needs extremely a large amount of time for
visualizing a nested spacetime; one of phenomena caused by blackholes. In order to solve
this problem, we first derive a fourth order explicit numerical method for computation of
orbits of rays. Next, we discuss advantages of the proposed method to the classical Runge-
Kutta method and the existing symplectic numerical analysis. Finally, we visualize the nested
spacetime under the condition where a blackhole exists in a spherically modeled universe.
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Fig.1 An example of a raytracing in a blackhole space-
time. Dotted lines show the curved orbits of the
rays influenced by the blackhole. Solid lines show
the orbits of the rays that an observer can perceive.
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Fig.2 Comparison of Runge-Kutta method and Symplec-

tic methods in computing orbits of rays near a

blackhole (ry = 10, 7 = 0.02). The vertical axis

shows a distance from the origin and the horizontal
axis shows calculation periods.
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Fig.3 Comparison of Runge-Kutta method and Symplec-

tic methods in computing orbits of rays near a
blackhole (ry = 10, 7 = 0.05). The vertical axis
shows a distance from the origin and the horizontal
axis shows calculation periods.
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Fig.4 Spherically modeled spacetime. A blackhole is lo-
cated at the origin of the coordinate. An observer

is assumed to be in the spherical spacetime sur-
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rounded by a map of galaxies.
Fig.7 Celestial sphere painted with simple four colors.
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Fig.8 Computed image with no blackhole in the
spacetime with a painted celestial sphere.
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Fig.5 Computed image with no blackhole.
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Fig.9 Computed image in the case that a blackhole exists
in the spacetime with a painted celestial sphere.
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Fig.6 Computed image in the case that a blackhole

exists in the spacetime.
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Fig. 10 Visualization example of the nested spacetime.
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