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New Advances in Mangetospheres Analytical Study of
Black Hole

XU Zhao-yi, WANG Jian-cheng

(China Key Laboratory for the Structure and Evolution of Celestial Objects, Yunnan Observatories,
Chinese Academy of Sciences, 650011 Kunming, China)

Abstract: Black hole steady state force-free magnetosphere theories play an important role
in the high energy astrophysics study, such as the emission mechanism of relativistic jets in
active galactic nuclei, Gamma-ray bursts and ultra-luminous X-ray binaries etc. In order to
know the steady state force-free magnetospheres property, One needs to find the solution
to the Grad-Shafranov equation(GS). Therefore, finding the analytic solutions of black hole
steady state force-free magnetospheres is important for understanding these astrophysical
phenomena. In this paper, we give a detailed review on this topic including the histories,
recent progresses and future prospects.

We first present the black hole electrodynamics and black hole force-free magnetosphere.
We introduce the electromagnetic extraction of energy from Kerr black hole: Blandford-
Znajek mechanism. We also introduce the black hole force-free magnetosphere in the aspect
of application to active galactic nuclei relativistic jets and accretion disk. Next, we outline
progress in solving the black hole steady state force-free magnetosphere equations in the
past decades, including the solutions of Schwarzschild black hole, the perturbation solutions
of low speed rotating black hole, and the asymptotic solutions, with an emphasis on the
asymptotic solutions. These solutions are important to study the black hole magnetosphere.
We discuss the inspiration of these work on searching analytic solution. The main problem
and challenges in solving the GS equation are also introduced. Finally we discuss the future

of solving the GS equation.

Key words: Kerr black hole; force-free magnetosphere; GS equation; analytical solution
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