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l. Introduction
Gamma Ray Bursts(GRB)

2704 BATSE Gamma-Ray Bursts

A Isotropic distribution

A Cosmic distances z=0.168~8.2 (D 0 10Gly)
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Sun GRB

Baryon free :proton/neutron is too heavy
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A Central Region of GRB ?
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ll. Rotating Black Hole

Black Hole:
OSI mpl ed Mat hemat i ce¢

" Mass:M

” Angular Momentum: J
" Electric Charge: Q

"~ Horizon

Extradimension, String,Brane,,....



1 StellarMassBlack Hole: 5-10M _

QrayBinary Systen

1 SuperMassiveBlack Hole:10° - 10°M .
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Energy out of Black Hole

Mc*?

A. HawkingRadiation
B. Electro- MagneticEnergy
C. RotationaEnergy



|A. HawkingRadiation|
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Ill. Magnetic Braking of Rotating Black Hole
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Geometry around Kerr black hole with
mass m and angular momentum J=am
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Physical Scales

. o n =
Black Hole Radus  RTM 1l531050m§"

Energy E° M =1.810"erg 9%
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Frequencyf © $=23 100 s* S‘eﬂS

MagneticField

StrongMagneticfield :
B° 10° gauss(B)
Energydensity.
u. © B2 =10° erg/cm(B/B, )’
Poyntingflux :
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Fig. 14.11. Period versus period derivative for radio pulsars (plus signs), Anomalous
X-ray Pulsars (squares), and Soft Gamma Repeaters (diamonds). Contours of
constant inferred magnetic field strength are drawn as diagonal dashed lines. Radio
pulsar data courtesy of the ATNF Pulsar Group*. AXP and SGR timing data are
given in Table 14.2.



Ultra - Strong Magnetic Field
A GRB: B~ 10715} G

A Magnetars : SGR(Soft Gamma Repeaters ,
AXP(Anomalous X-Ray Pulsars): B > 10MN14} G

A Radio Pulsars: B ~10"12} G

Magnetically dominated system:
EN2 oBM2 <0



IVV. Poynting Flux:

P B4 =0
Tx0

A Magnetosphere: current and charge density

A axial symmetric and steady state

250, 3¢ =0 — E4=0



A dynamical origin of Poynting flux

Strong gravity inside sphere:
Rotating Black hole

A Power measured at infinity
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A In homogeneous Maxwell equation:
FH = Axg*  JH, =0

A Boundary problem : surface current and charge density
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A surface charge density: Gauss law
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A second term A magnetic braking
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A horizon |, = -3, ="
" = Ny
- ingoing boundary condition E=%xB
E = 4nf x (K x #) = 47K Ry =
Joule heat dissipation into the black hole:
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V. Force - free Magnetosphere
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- power In force -free magnetosphere
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VI. Summary of power carried by EM field

- Magnetosphere, axial symmetry and steady state
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-Forece-free
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-Evaluation on horizon
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a magnetic braking of rotating black hole




VII. Issues on force - free condition
iInside ergosphere
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Near to Horizon
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