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Electromagnetic Extraction of Rotational Energy from

a Black Hole and its Application to Astrophysics

WANG Ding-xiong

(Department of Physics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The mechanisms of extracting rotational energy from black hole (BH) systems by
virtue of the large-scale magnetic fields are reviewed, focusing on the model of the coexistence of
the Blandford-Znajek (BZ) mechanism and the magnetic coupling (MC) mechanism (henceforth
the BZMC Model). The BZ mechanism corresponds to the ‘open’ field lines connecting the BH
horizon with remote astrophysical loads, and the energy and angular momentum are extracted
magnetically from the BH and transported to the astrophysical loads via Poynting flux. The MC
process corresponds to the ‘closed’ field lines connecting the BH with its surrounding accretion
disk, which can be regarded as a variant of the BZ process. In the MC process the energy and
angular momentum are transferred magnetically between the BH and its surrounding accretion
disk. The expressions for the power and torque of these two energy mechanisms can be derived
in a unified way by using an improved equivalent circuit based on the original work given by
MacDonald and Thorne in 1982. It turns out that the coexistence of the BZ and MC mechanisms
can be realized based on some reasonable assumptions, and this coexistence always accompanies
the screw instability (kink instability) of the large-scale magnetic fields, provided that the BH
spin and the power-law index for the variation of the magnetic field on the disk are greater
than some critical values. The application of the BZMC model to high-energy astrophysics is
reviewed in the following aspects: 1) the fitting for the very steep emissivity of XMM-Newton
observation of the nearby bright Seyfert 1 galaxy MCG-6-30-15 and for those obtained in the BH
X-ray binaries, XTE J1655-500 and GX 339-4; 2) the interpretation for the correlation of the
kHz quasi-periodic oscillations (kHz QPO) in some BH binaries with the jets from these X-ray
sources; 3) the energy and time scale of the long-duration gamma-ray bursts and their association
with Type Ib/c supernovae. Finally, the other two energy mechanisms of the large-scale magnetic

fields, the BP mechanism and the PC mechanism are outlined briefly.

Key words: astrophysics; black holes; review; accretion disks; magnetic fields; energy extraction;

jet Production; high-energy radiation



