23 3 Vol.23, No.3
2005 9 PROGRESS IN ASTRONOMY Sep., 2005

1000-8349(2005)03-0205-10

( 100012)
Maunder
P182.7 A
Hale !
(Coronal Mass Ejection, CME)
(tachocline
) (3]
11 yr Speror (
) Hale-Nicholson (
)  Maunder ( X
y
) 4]
2004-11-22 2004-12-20

(10233050) (G2000078404)



206 23
( (
) ( ) ) (
)
Maunder 17 )
1945
Cowling 1! (Relic Magnetic Field, RMF)
2 RMF
20 Hale
6 25 G
Brunt 10 15
Cowling
1945  Cowling !
Cowling RMF
Cowling =4R? 1 100yr R
=2 10° cm?/s ( (3])
RMF
3

80



3 207
RMF
RMF RMF RMF
RMF
(Dynamo Magnetic Field, DMF)
RMF
3.1 22 yr
RMF
Levy  Boyer 80 RMF DMF
DMF
(Hale-Nicholson ) RMF
[6:7] 22 yr RMF
1982 1983  Sonett 9 Wolf
22yr 90 yr 150
Wolf RMF
18 19 Wolf
RMF
Mursula [10:11] 19 Wolf
2000 Mursula [10;11] Hoyt
22 yr 22 yr Hoyt 1610 1995 )
10% 1 1(b)
o= o 153 R K I
Rg(i) Hoyt 132
11 yr lco Maunder Dalton
Genevyshev-Ohl (G-0) [13]
22 yr 1(c) D(k) = lco(k+1) lco(k)
G-0 lco D (k)
( 10 20 ) Maunder
D (k) G-O 22 yr (
10%)
RMF 22 yr Maunder  Dalton Mursula
Hoyt 80 Sonett
30 yr (30 yr 90 yr
Mursula 22 yr
) Ug()= Rol) o 200 Ry(i+ ) | 361 361
361 !
30 yr Ug 30 yr



208

23

P 1
i 65 Ug(i + 1)+ SUq(i 66)

Ir(i) = 132
22 yr

100 )
2
sof ! L[
0 I VL\! Vol

ﬂ |
W h“

,: iy
111{ |

-12] ho] MM [-4]

& |

I
Jvk QU%' RN
| |

|||0||||4|WM||ﬂ o] [ [ fe [ ] Pd |

100
(b)

50

IGO

30 (©

o\o/ DMW

15

5 [ ] [ J

oL /\an\AM\

-5
-10

“\/JVU

V\ﬂ AW, bj R \/ U Lj

-15 I 1
1600 1650 1700

(a) Hoyt (

Maunder (MM) Dalton

lco

(d

lco
Maunder

[14]

2002  Usoskin

Dalton 2

RMF

1750 1800 1850 1900 1950
R

1 22 yr (101

lco
lco (c) G-0
IR [12]

(VM) (b)

RMF
Maunder

22 yr DMF

400 yr  Hoyt

22 yr
Maunder
RMF



[21 23]

209
150
ﬁ (a)
%g 100
-?E K 50
= 0
1844 1854 1864 1874 1884 1894
SE
® 200 (b)
i
=
= =
%@ 100
H_,
B 0
0 10 20 30 40 50
t/yr
2 Hoyt r4l
(@) (b)
2003 Temmer (23]
22 yr RMF
3.2
[16] [17;18]
[19] RMF
RMF
1988 Sten o [20 1959 1976
( 36 30
36 30 15
16 ) 14
(m=0)
3 3(a) 7 |
3(b)
7 | Steno
RMF (
1/10 1/5)



210

(b) 1=2;4;:::;14

[20]

i o
e A
ki i
£ oy
Z P
# =
(a)
3
(@ 1=1;3:::;13

0

=8

=

pac]

M_,

B

#

B

&

B

=

]

B

F4
4
() S
1995 Bravo Stewart 24
RMF DMF
2002 Mursula (23]
metry, LA)
k=1;2,3;:::;27 Bartels

[25]

(c) Wolf

0.07
1/7
(Longitudinal Asym-
i=1;2



211

3
27 d) k
. P
Sk Lok S= ik Sk
LA 4 Mursula
LA Wolf
RMF
2004 Mordvinov  Kitchatinov [28
21 23
( )
RMF ( 8 T
Sten o 2]
3.3
90 L @ | 20t (b) |
10 } 10}
o o
| | _
~ ~ y ST 1
o 0F S OF /%—4 T }
T ® 3R (5 =07 oy s (5 =0
v B (g =90°) a (B =90
_20 1 1 1 1 1 _20 1 " 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
] ]
sl @ | ol ()
. 1o} 10}
m N
= 7 G AN,
s Or S of 7A ; ’jl‘++ 1
S aj -
J
-10} . -10f
® I (5 =0 n RE(S =0
v 3R (8 =907) a (B =907)
-20 . L L L 1 20 . . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
] ]
5 [27]
(@ () 2 ( 16 (© (@ 4
1986 n ( 10 I( )

RMF ( Bo = 30 MG)



212 23

RMF RMF
1992 Goode Thompson?7] RMF
( 5 ) RMF
30 MG (5 10) 10 8¢
) RMF
30 MG
Soa Li Lydon
( p )
[28 30]
( 10° G) RMF
Cowling RMF 20 40
Cowling RMF
Cowling RMF
RMF 19 80
RMF RMF
RMF
(31]
RMF
RMF
22 yr
( )
RMF RMF
[20] [27] 1 RMF

RMF



213

(1]
[2]
(3]
[4]
(5]
(6]
(71
(8]
9]
[20]

[11]
[12]
[13]
[14]

[15]
[16]
[17]

1 RMF
1/10 DMF 22 yr [10,11]
1/10 1/5 DMF 0 [20]
1/7 DMF 0 :07 [24]
<8 T( ) [26]
[27]
106 G ( ) [28,29,32]
RMF
RMF I (
) ( )
RMF
RMF [6:7] RMF

[33;34]

RMF

Hale G E. ApJ, 1908, 28: 315
Wang J X. Fundam. Cosmic Phys., 1999, 20: 251
Babcock H W. ApJ, 1961, 133: 572
2001, 19: 436
Cowling T G. MNRAS, 1945, 105: 166
Levy E H, Boyer D. ApJ, 1982, 254: L19
Boyer D, Levy E H. ApJ, 1984, 277: 848
Sonett C P. GRL, 1982, 9: 1313
Sonett C P. Nature, 1983, 306: 670
Mursula K, Usoskin | G, Kovaltsov G A. In: Wilson A ed. Pro  ceedings of the 1st Solar Cycle and Space
Weather Euroconference, Noordwijk, Netherlands: ESA Publ ications Division, 2000: 387
Mursula K, Usoskin | G, Kovaltsov G A. Sol. Phys., 2001, 1 98: 51
Usoskin | G, Mursula K, Kovaltsov G A. A&A, 2000, 354: L33
Genevyshev M N, Ohl A I. Astron. Zh., 1948, 25(1): 18
Usoskin | G, Mursula K, Kovaltsov G A. In: Wilson A ed. Pro  ceedings of the 10th European Solar Physics
Meeting, Noordwijk, Netherlands: ESA Publications Divisi  on, 2002: 863
Temmer M, Veronig A, Hanslmeier A. Sol. Phys., 2003, 215 : 111
Verma V K. In: Harvey K L ed. The Solar Cycle, San Francisc 0: Book Crafters Inc., 1992: 429
Li K J, Schmieder B, Li Q S. A&AS, 1998, 131: 99



214 23

[18] Garcia H A. Sol. Phys., 1990, 127: 185

[19] 2000, 18: 312

[20] Steno J O. Astrophys. Space Sci., 1988, 144: 321

[21] Maunder E W. MNRAS, 1904, 64: 747

[22] Ozguc A, Ucer C. Sol. Phys., 1987, 114: 141

[23] Oliver R, Ballester J L. Sol. Phys., 1996, 169: 215

[24] Bravo S, Stewart G. ApJ, 1995, 446: 431

[25] Mursula K, Vernova E S, Tyasto M | et al. In: Huguette S-L ed. Proceedings of the 2nd Solar Cycle and
Space Weather Euroconference, Noordwijk, Netherlands: ES A Publications Division, 2002: 249

[26] Mordvinov A V, Kitchatinov L L. Astron. Rep., 2004, 48: 2 54

[27] Goode P R, Thompson M J. ApJ, 1992, 395: 307

[28] Lydon T J, Soa S. ApJS, 1995, 101: 357

[29] LiLH, SoaS. ApJ, 2001, 549: 1204

[30] SoasS, LiL H.JGR, 2001, 106: 12969

[31] Kitchatinov L L, Jardine M, Cameron A C. A&A, 2001, 374: 2 50

[32] Dziembowski W A, Goode P R. ApJ, 1989, 347: 540

[33] Charbonneau P, McGregor K B. ApJ, 1992, 343: 526

[34] Charbonneau P, McGregor K B. ApJ, 1993, 417: 762

Progress in the Studies on a Relic Solar Magnetic Field

SONG Wen-bin, WANG Jing-xiu

(National Astronomical Observatories, Chinese Academy of S ciences, Beijing 100012, China)

Abstract: It is really possible that the Sun possesses a relic magnetield of the pre-main
sequence epoch in its radiative core. Due to a stably stratied uid and an extremely high
electrical conductivity in the solar interior, a relic solar magnetic eld can survive for a very
long time. A relic eld can help us to explain many asymmetries in solar activities, such as the
north-south asymmetries of solar magnetic activities, acive longitudes and holes, low-latitude
coronal holes, Maunder minimum, etc. In addition it can a ect the distribution and evolution of
solar surface magnetic eld by changing the boundary condiions of solar dynamo. This paper
focuses on the introduction of recent progress and issues observations and theories of relic solar
magnetic eld. Some unresolved problems and highlights aralso discussed.

Key words:  astrophysics; relic solar magnetic eld; review; Sun; surice magnetic eld; dynamo



