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ABSTRACT In this paper, based on observational information we pro
posed an opening bipolar magnetic field model and studied numerically 
the dynamic evolutionary processes of the magnetic fields by solving a 
complete set of MHD equations. The aim is to discuss one of the mech
anisms of energy build up of solar flares produced in the active region 
Boulder 5395. 

The dynamic evolutionary processes of a magnetic field configuration in a solar 
active region play an important part in solar eruptive events, which are corre
lated to the energy stored and released in the solar active region. The dynamic 
evolution of the magnetic field in the solar atmosphere is mainly studied by 
using numerical simulations, e.g., Xinping Liu et al. (1981), Krall et al. (1982), 
Xinping Liu et al. (1985), Xinping Liu (1988). 

Recently, the active region Boulder 5395 was one of the most productive 
and best observed flaring regions of the 22nd solar cycle's observation period. 
From its emergence on March 6, 1989 until its disappearance over the solar 
limb on March 19, it produced a lot of large flares, including 195 optical flares, 
106 X-ray flares and 240 microwave outburst events. Figure 1 shows one of the 
vector magnetograms that was observed by the solar magnetic field telescope of 
Huairou Solar Observing Station in Beijing. The active region was character
ized by the presence of strong rotations from March 9 to 15 and strong magnetic 
shear structure. According to the character of the active region Boulder 5395 
we proposed an intergrowth magnetic flow tube model by twisting the mag
netic field (see Liu Xinping et al. 1990) and an opening bipolar magnetic field 
model {see Figure 2). In this paper, by means of numerical methods we first 
obtained the initial configuration of the opening bipolar magnetic model, and 
then studied the evolution of the opening bipolar magnetic field configuration 
by shearing the magnetic field. 

The initial boundary-value problem of a complete set of magnetohydro-
dynamics is solved by using a fully implicit continous Eulerian scheme. The 
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Fig.l The vector magnetogram in 5395 on 
March 13, 1989. Time: 03:33:07 UT 

Fig.2 An opening bipolar magnetic field 
model for energy storage by shearing. 

Fig.3 The computational configurations of 
the magnetic field at r = 0. 

Fig.4 Magnetic energy versus time. 
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equilibrium equation is solved to obtain the initial magnetic field with the super-
relaxation method. 

The computational configuration of the initial magnetic field is given in 
Figure 3. It can be seen that there is a current sheet near the Y-type neutral 
point in the computational configuration. Correlations between the magnetic 
energy and time are presented in Figure 4, where WBX, WBV, WBZ express 
the magnetic energy of magnetic field components in the directions of x,y,z, 
respectively. WB expresses the total magnetic energy of the magnetic field. 
AWB denotes the total magnetic energy growth rate, which is the difference 
between the energy at some time T and the initial energy over the initial energy. 
The net increase of magnetic energy may be on the order of 2 . 3 x l 0 2 4 J during 
a day if it increases at the same rate as before. Meanwhile the increase in 
magnetic energy is stored in the local active region 5395. The computational 
kinetic energy varies only slightly with time and its value is several orders of 
magnitude less than the magnetic energy. The gravitational energy shows little 
variation with time. 

The computational results show the dynamic evolutionary processes of 
the typical magnetic configuration in the active region Boulder 5395, which 
is caused by the shear motion of plasma at the feet points. They also give the 
quantitative coupling relationship between non-linear flow and magnetic field 
in the active region 5395. The results show that the dynamic evolutionary pro
cesses for the magnetic energy build up (see Figure 4) by the shearing magnetic 
field in the active region are very important processes even at a small velocity 
(less than 1 km/s ) . However, some researchers drew the conclusion that dy
namical processes are not important when the shearing velocity is below 1 km/s 
(Wu et al. 1984). In this paper we propose that for the flare-producing active 
region, dynamic evolutionary processes of the magnetic field configuration play 
an important part in magnetic energy storage at small velocities. 

From vector magnetograms it can be seen tha t the vector magnetic fields 
of the active region 5395 continuously evolve. On March 13th the transverse 
components of the photospheric magnetic field were aligned along the polarity 
inversion line, which is evidence of the formation of magnetic shear in the active 
region (see Figure 1). 

In this paper an opening bipolar magnetic field configuration with a current 
sheet near the Y-type neutral point (where the magnetic field vanishes, see 
Figure 2) was obtained, which may be one of the configurations of the active 
region. Because there is the current sheet near the Y-type neutral point and an 
opening of some of the magnetic force lines in the configuration, energy of the 
magnetic field shored by shearing the magnetic field is converted efficiently into 
heat and bulk kinetic energy, and particles can be accelerated to high energies. 
Thus, many high energy events, X-ray flares, and larger flares frequently occur 
in the active region Boulder 5395. 

The active region Boulder 5395 is a very complex super-active region, with 
sunspot area larger than any observed in previous cycles. In this paper we 
discuss one possibility of its magnetic energy build up; others will be discussed 
in later articles. 

https://doi.org/10.1017/S0252921100029626 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100029626


460 X. LIU 

ACKNOWLEDGEMENTS 

This work was supported by the Programs of 22 Max Global Character Research 
of Solar-Terrestrial System under Contract 87-64-01 and by Chinese NSF under 
Contract 91-87-006. 

REFERENCES 

Liu Xinping and Ao Chao, 1981, C.J. OF S.S., I, 60. 
Krall, K.R., Smith, J.B. Jr., Hagyard, M.J., West, E.A., and Cummings, N.P., 

1982, Solar Physics, 79, 59. 
Liu Xinping and Chang Guang, 1985, in Proceedings of Kunming Workshop 

on Solar Physics and Interplanetary Travelling Phenomena, Vol. I, 436. 
Liu Xinping, 1988, SCIENTIA SINICA, Series A, Vol. XXXI. No. 4, 461. 
Liu Xinping and Li Wei, 1990, 22 Max Global character Research of Solar-

Terrestrial system, special ISSUE III, 4, 75. 
Wu S.T., Hu Y.Q., Krall K.R., Hagyard M.J., and Smith J.B.Jr., 1984, Solar 

Physics, 90, 117. 

https://doi.org/10.1017/S0252921100029626 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100029626



