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Symplectic Raytracing: Raytracing in Blackhole Spacetime

TETSU SATOH,t HIDEHIKO IWASA,t HARUO TAKEMURA'
and NAOKAZU YOKOYAfT

This paper proposes a method of symplectic raytracing which visualizes a sight in the
vicinity of the blackhole by solving Hamilton canonical equations. Conventional methods for
visualizing the blackhole solve geodesic equations numerically to calculate orbits of the rays
and visualize the blackhole in accordance with a raytracing method. In past studies of black-
hole visualization, correctness of the visualization results was not discussed. In this paper, we
first point out theoretical errors in conventional methods and propose the symplectic raytrac-
ing which solves the problem of those methods. Symplectic raytracing describes equations of
orbits of the ray by using Hamiltonian dynamics and solves the equations by using symplectic
integrators for raytracing. Several images generated by the proposed method are shown and
correctness of the calculation results is compared with the conventional method. Experimen-
tal results show the superiority of symplectic raytracing to the conventional method in terms
of the accuracy of results.
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Fig.1 World model. A coordinate system is fixed and a

blackhole is located at the origin.
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Fig.2 Empty spacetime which contains no blackholes.
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Fig.3 Spherically symmetric blackhole. Black part in

the center means the blackhole.
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Fig.4 Axially symmetrical blackhole. The axis of symmetry is located vertically.
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Fig.5 Axially symmetrical blackhole observed from the top. An observer is

located on the axis of symmetry of the blackhole.
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Fig.6 Total errors of the line elements with respect to
step size. The vertical and horizontal axes express

quantities in terms of blackhole radius r4y = 0.9.
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Geometrized units are employed.
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Fig.7 Comparison of generated images in the case that

the speed of rays is slowed down to 90% of the
normal speed (step size = 0.005). Left image is
generated by solving geodesic equations using the
Runge-Kutta method. Right image is generated by
solving Hamilton’s equations using the symplectic
method.
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Fig.8 Comparison of generated images in the case that

the speed of rays is slowed down to 70% of the
normal speed (step size = 0.005). Left image is
generated by solving geodesic equations using the
Runge-Kutta method. Right image is generated by
solving Hamilton’s equations using the symplectic
method.
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