S ST ST X

5%t

A PHYE =) (X #4350 £ Fn3E 25 HFHES

HEF

5 B UF KERMRA  (PERFEREZRIXXE)
FURMRGE (PERFERERIXE)
ktEMRa (hERFEREZRXXE)

/)

EiEF LKA 1 S A A FRENZHR K K B
WX HEA 2002/8 WXERHE 2002/9
AR F RN E R 2 H %X kK X &

R‘

EMERSERE



A dissertation submitted to National Astronomycal Observatories for the degree
of Doctor of Philosophy with a Major In Astrophysical Science

RESEARCH ON THE MEASUREMENTS OF
SOLAR MAGNETIC FIELDS AND THE
NONPOTENCIALITY OF SOLAR ACTIVITY

By
Dun Jinping

Directed By

Prof. Zhang Bairong
Prof. Li Rufeng
Prof. Zhang Hongqi

National Astronomical Observatories
Chinese Academy of Sciences



W =

WEIAE R BRI 2 Fh i R A, REARE LSRRI 5 (iR EH R
T BRI AN H D FAK A k. I, KER S 3 X 7 N &
AAE S RFALL (R BTF 70 B R B R B RS sh BLR D BN A3 ) 22 I R AT
T BB R o AR RIS AT T 2T, R AR AE LR YA

1. VAR RN PR SR b3 B B e A S . B B, R AR
T2 FULIN IR, 25430 565 0L Y S S8 328 /T 1% 20 2 Co WL B PRI 20 o AT
FRILEMFRK I I G 70 e TAF R 2 D MZE (i 40 —0.15 A) &b
REB ) 70 R EREIE, 38X £ O N2 AL TN & A7) U5 A M I Ge it L, 45 2R
R T B SR L/ T 1000 i X8, i 28 RN A RS I i LEA/ N . (B
X T R R KT 1000 i iR X8,V 55 RN HRE I B R AR K. £Ey<30° I
FVEEEIN, ATRLAIERLR AN ISR /N 7 30° <y <60° IMUAYVE RN, V54
RN M R AR K U y2T5° 5, IR RO RS SR RN o VAR
RUNLR PR T 1 Bz B A 2 L N o 5 S A R~ 8152 0 13°

2. RRLH RN P ST 3 B A G W 4 % R 3 T B L AU E R R
A 38 3 0 b B B 73 I AE TAR IR R 2 ML (B 20— 0.15 AD KLU
70 AR E L EITHE R T B i R BB A BB, B8 AR LSRN T 1000 Y
V0 FE Y SR 2 AN P 8 FLR R BE T BB AR R AR /S, B SR R R G R
A S RN (IS BRI o ARy /N T 30° MUK 75° IPINVE B Y, 3545
RONEXS - 1) AL MR L THSARL IR R AR S B, T AE 30° 21 75° IV BN, VAR AL
I PRS2 M I AT ) 8 T 28 A R

3. KPBA 23 &S ETH R B O AR S RE AL . AR [ SRS B F
K BAHES BmAE 1995 21 1998 £ LI Kcdfs o 234 M 3h X 3L 700 IR R E WL A,
THE TR N R R L WS B DI AR S RE R4 Y T E AT A S (B RE
TRl . AT BN F 4518 WORBHTE SRS BURBHE B4, KA EiEsiIX
A H WSS XA 2 1) 37 38 B Mg 37 B 262 IO R Re A AE G 5, i HL.H il B
FATARRA A i 2 & BRI BE BT AE K . 7T DABESR R ORBRTE SIS (Uit H
TS =5) BAESBE B AR I, Wi BT U) A AR A BRI LI e I [A) 38
Wi, (ERAERMESI BT, BB AT 5 MUONERIZI AL, T
AN RE S TR BE LS DX A S B A R B 2 e BR 2R T AR A5 98 2

Mo



4. KPFH 23 G ETHRR B MG o0 A . FATA A E ZRCEMFE K
FHEE B AE 1996 £E £ 2000 MM B 274 MEBIIXAIIE 759 IR R BRI, 715
T EIREEE RIRA BT, ol T R ER S AGE BRI TR BN X KRG BT D) S )
Giit oA BT Bl XSt o A AR AU N IE RS m oA, TR v T 2R 45 SR A
I o W3 B U0 A AT R B P BRTT 5 I SORAR FAEE,  FERE 34T 53%H352h X
WIS B UMM IER), TIEAEFERA 62%72 1L

KegE:  KPRWES, W&, WIAERARIE

Abstract



Magnetic field plays central role in solar activity. Almost all kinds of solar activities,
such as sunspot, solar flare and coronal mass ejection, are associated with solar magnetic
field. The measurement of solar magnetic field and the non-potential characteristic of
solar activity are important to explain the physical mechanism and dynamical process of
solar activity. In this dissertation the both are studied. The main results are as follows:

1. The effect of Faraday rotation on the azimuths of transverse fields observed by
the Solar Magnetic Field Telescope at the Huairou Solar Observing Station. It is believed
that the Faraday rotation is insignificant in the far wing of the line in the theoretical
analysis. We make a comparison between the azimuths of 70 couples of transverse
fields observed at line center and in the wing of the working spectral line of the telescope.
From the comparison we found that the influence of Faraday rotation is slight for the
weak magnetic fields (less than 1000Gauss) and becomes significant for the strong fields
(bigger than 1000Gauss). And the influence of Faraday rotation is insignificant when the
incline angle y is less than 30° . It becomes significant when 30° <y <60° and becomes
slight when the incline angle vy is bigger than 75°. The average influence of Faraday
rotation on the measurements of the azimuths of transverse fields observed by the
telescope is 13°.

2. The effect of Faraday rotation on the helicity computation using observations
from the Solar Magnetic Field Telescope at the Huairou Solar Observing Station. The
helicities derived from 70 couples of vector magnetograms obtained at the line center
and in the wing of the line were compared. The results show that the influence of
Faraday rotation on the helicity computation is insignificant when the strength of
magnetic fields is less than 1000 Gauss and becomes significant as the increase in the
strength of magnetic fields. The influence is insignificant when the incline angle y is less
than 30° or bigger than 30°. And when 30° <y <75°, the influence increases with the
value of the incline angle.

3. The evolution of the magnetic shear angles and the non-potential energies in the
ascending phase of solar cycle 23. We selected 700 vector magnetograms of 234 active
regions observed from 1995 to 1998 by the Solar Magnetic Field Telescope at the
Huairou Solar Observing Station. The flux of longitudinal magnetic fields, the magnetic
shear angle and the non-potential energy of these vector magnetograms are calculated.
And the evolutions of the monthly mean values of above parameters are derived. The
results show that from the minimum of solar cycle 22 to the ascending phase of solar
cycle 23, not only the number and area of solar active regions, the flux of longitudinal
magnetic fields and the total energy of the active regions are increased, but also the
density of non-potential energy of the solar active regions is increased. Although the
evolution of magnetic shear angle has not such trend, the sign and value of the magnetic
shear angle change slow at the minimum of solar cycle 22 and change rapidly in the



ascending phase of solar cycle 23, which show that the non-potentiality becomes more
and more complicated as the coming of solar maximum years.

4. The statistical distribution of magnetic shear angle in the ascending phase of solar
cycle 23. We selected 759 vector magnetograms of 274 active regions observed from
1996 to 2000 by the Solar Magnetic Field Telescope at the Huairou Solar Observing
Station and calculated their magnetic shear angles. The histograms of magnetic shear
angles of the total active regions, the active regions in the north hemisphere and the
active regions in the south hemisphere are derived. The distributions were fitted well by
Gaussian curves. And the distribution of the magnetic shear angles exhibits the
hemisphere sign rule as the asymmetry of helicity. In our dataset, 53% of the active
regions in the south hemisphere have positive shear angle and 62% in the north
hemisphere have negative shear angle.

Key words: Solar activity, the Measurement of magnetic field,
the non-potential characteristic of magnetic field
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