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3. z�u��#[V��I�Æ ; 32054)℄\��~�j2qt�"�5y'��!�j3Q�o 1995—2001 )� Wind L~�YD�wyWgu 144 G�~�j2qt�;{�℄�8A�y.|}�yu{j��;Z�℄�Wgn�.<�2T�j2qtxIQ��$qk�$q$g�j2qt�$q.<k#��b��Wgqh���7�2&��~�j2qtk"���%$�Va�'1�=�u�y�t℄�2qt�l.=HA"�f�%$�kjQ�6A2N�Z�Yv-k'��y�u℄��2qt�6m�,u�Z�Yv-k�2 : *�"�Ye���~�j2qt��~�jK`N0>4�P181.9 ��� QS!JB�A

1 �3����}�i1ps�!�4x&~� �i2P�UVxzv�&�VE�}�i1ps<oa�&a�iP�U�}�Y�BM)%C|��ÆM<s\��2P�kELE 0.2∼0.4

AU [1−4] �z:&a� Moldwin �T [5] U 2000 (#f�t\�1ps2P��Æ�Z
z�:�x-{�l5�Y�\�L 0.01 AU �J��&��iP�\��iP��}�Y�Xu,j�&F� ���iP4zM<*d 3 F�*(� (1) iJ)qUsL&-�z�!#ps*�3z�
� (2) M<l�+A�iJ� (3) l���u�M�j��, β m [6] ���&rVEiP<G�!���ÆpW#�_�Y�!�ti1ps�;�Y�!��~R����Æer; $#,^!�4x7UY�Y�f8bYxZ
/^�|r 1AU =?K��XC|�iP�;�iPM<?�M α VjJH��a�� K1GF�2008-03-30 � Z5GF�2008-06-066;TC�_��QV��9p� (40804034 Æ 40574065 Æ 10603014))



� 312 �������.�O���<�Z������� 26 O�~� β �2,iJ2P�dF`5d��t#p�$�#RP8FZdM��W#!{tY�!i1ps�{℄�(6�H~�~�i2P�{℄��*�GiP��G!����$#~D�Xd	t<� -.��}�iPjiG�8z�:iJ���2P��#RZ
R��)M+A��qiJ�n jiG��&qiJ#p�l�7{rA��i#��*�GiP�Y�-?E"$<� �8��iP�XC�d���Æm�&j��iP�lU�G;Y�=���T [7] )B�t++n�7i�ag:T7i�*N�	7ix�t\��}�i1ps*�U��}�i1ps\�j#p6�G)��;Y�_A#R��}�i1ps�;&>�G<����ag�J�t\��}�i1ps�n:kE:s� 0.05

AU �}�i1ps�x�\��i1ps�n:\�7�t\�i1psjiPi��i1ps�:\�'DU 0.05∼0.2 AU i��
2 �v^����k3ru�ZE+Æ>IT+l��iP�U�t\��}�i1ps�"~j�G+h�"~�$at 1991( 12N
22Y Ulysses,gU�GL 5 AU ��}=?XC|&FkELE 0.05 AU �i1ps�$: [8] ��< IMP8 j Wind � 1995—1997(U�G=?XC|� 6 F3QkELE 0.01 AU�i1ps�$ [5] � 1991 (t1ps�$��E�}�iJ�lfL)"~��2EaF�$at1psi2PjiPl�:�:M<��M�������, β mj+B�d1��iPM"(�:�?�hk�~��z:� 1991 (�$!XC|�qRS��|�7DpUS��|x� [Heat Flux Dropouts � HFD] � pUS��|x�-G:iji�m-UY�e���ax(�Moldwin �T [8] VEaF�$jiP:�4&afr�iP<G�Y�iJ�l� t\��$<G�YG�|1=?��l�w_� Crooker �T [9]-\t Ulysses ,gU 1 AU =?�~���,jiJ�(�VE!�4d�.6jYG�|1ly�8W#�Ip&`xiJ;S�/31ps2P�j 1991(t\��$l+�Moldwin�T [5] "~� 6Fi1ps�$�\�Kt�Z
z�:E 40∼100 min �y�:!?��, β m+��7 1 I`t Wind XC|� 1995 (
9N 20Yt\�1ps�iJ�z��1{Ii (|i) �7x�k�i�S��1ps��w.6�;7 1 W*T`�M<��i1psiJ(�iJA�x�Bo.��Bz -p#p)q&
�h8M α VjJ��S���;��t"X%&n [4] �#fXCiJj��iJ (7x	i) 9n�+g�h8 Wind ,gXCÆL&n�|1ps��EE 112RE(REE�G�E) �1ps�zd�iJA�E 8.6 nT �K}1ps���?Nj�E�+E 0.01 ���K}�xeb1ps��� Moldwin �T [5] �a 6 Ft\��$�(;�t-\�7jiP;�t�+�#f�Æat\�lHps:�t1ps��<`f��u�M�j/^fr (����^+3��<`f�Bw����Ii) �z:��PUaxt\�1psx�<�M<jiP&�����, β m�y�:xF6�$���, β m�e (0.8 �>) B�iP���, β m�!�axt�$jiP�M<1psiJH� ?pUp�:4(�Moldwin �T [5]�axt�$�<GI`to~W#5�� (1) t1ps$<G�Y�!iJ�l�jiP
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8 1 1995 ) 9 O 20 Zu℄�2qt�jK�{��2|Jj [10]}k`� Wind [FÆ
k�9O α WkL��T���'o4a�4&afr�p�\�:4� (2) t\�1psjiP7:�4&afr�iP<G�!��t1ps<G��}�Y���YG�|1diJ�l�2`� Moldwin �T�n`�℄`t1psjiP�4&afr�:\�-;5 >�m
��y�Ua
�(�iP�Gx�n�<U�G=?XC|Z
z�E�Ftz�x�\�i1ps�$��*�ÆVEt�$jiPE4&~fr�W#�:s�z:�axt1psj Crooker �T [9] )`�W#pU�t1ps$<N:4�:4	� <*d�F)��
(1) Crooker �T)`��&`x�$ axt�$��wF)XC|��
(2) Crooker �T)`��/32P� XC|�WVf��S2P�
(3) Crooker�T)`��ijiEC�
�`?-�
� XC|�W<pg�3z�
�
(4) Crooker �T)`�t1ps!M<+B���, β m� XC|�W<���, β mfr��*axXC|�t1ps$:W#� Crooker �T&0�iJ;S�/31ps�;�axt\�1psjiPpU:4���,(� :Eq\�?jYG�|1u�l?��* Moldwin �T [5] VEti1ps5><G��}�Y�iJ�l�

3 ����k3ru�^�/=�7�}�i1psp<s\��iPjt\��1ps� :pUx�\��1ps� Feng �T [10] -\t 1995—2001 (� Wind ,gXC�iJj��,Æv�nxOVt 144 F�}�1ps�$�1b�ax1ps;��t"X%&n��t�Æ�kE�#f�Æ�kE'DE 0.0036∼0.6266 AU DVfm
-;� +t\�Bs\��	�3
-;�
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3.1 �3$aAUOVW#��}�1psz� Feng �T [10] AL�� 4��1ps�iJ(��iJ)q�3z�
jl�+B�iJA���P����,�m�u���jM��iP��*(7MM�EVfiP�� +L�y�UOVW#��}�1psz7�<(:z��*4��p��E&FBU�i�*�<�ax��,(�E� 4���2E O��1psx ℄p�kELE 0.05 AU oqKt�x�t\�1ps� x�t\��1ps��:M<+��u�M�j���oq<xt\��$�<`f����, βm��}O�axv�$�4��T1ps��mH�jM α VjJ��S���0HY��zXC��$j��S���0H:Rb�&I�4�mz�0VE��}�1ps�XC�$j���9nY�W*8�t"X%&n�`��t"m)H χ2 _sp� χ2 Mt��9n�Mg�agI��O��$�4�m� √

χ2 = 0.3 ��}U 1995 ( 1 N| 2001( 9 N Wind ,g�K}XCÆvg�OVt 144 F�}�1ps�;�s\��iPjt1ps�#R?����M α VjJ��S���ag$�mM
α VjJ��S����x�\��1psXP�8���<1ps�iJH��?���� Lundquist 5 [11] �











BR = 0 ,

Bθ = HB0J1(αR) ,

BZ = B0J0(αR) .

(1):x BR � Bθ�BZ -6EEq�Cq��q-p� B0 E1ps�e�iJA�� H = ±15�1ps����� +1 E>	��� −1 E�	��� J0 �J1 -6Ey/�&/(a!fÆ� R E|1ps��EqN�2E�<�i1ps�?����M α VjJ��S����*W*8�t"X%&naxXC�$��t"X%&n1b*d>�|f� (1) (XCiJVpA{� (2) 8�t)H-\%
(Minimun Variance Ananlysis ��S MVA) S�iP��q�&i1ps�4` (�*1ps��qE�4` Z ��LK}^~)qE S �W Z × S �)qE Y ���w X ��)qW1b Y ×Z �|) 7O�1ps�����2EiJ)H-\4���e��zK}eb1psz�)H?1�t��s�x��)q-6-?1ps� X � Y � Z )q�y�zK}^~1ps��+Jz0Hps� (3) (VpA{�XCiJ
�|1ps�4`�PwHVpA{XCiJj��iJ�R)�1b�m�v�wH��tR) χ2 n O���)qjK}^~1ps��N (d0) E

χ2 =

N
∑

i=1

[(BO
xC − BM

xC)2 + (BO
yC − bM

yC)2 + (BO
zv − BM

zC)2]/3N . (2)e�x�N ��8iJ~p�FÆ�agU&nz�ÆL;�t 2503Q��L N = 25�e4 O j M -6v5XCiJj��iJ�d4 C �nU1ps�4`� (4) T8�t"X%&nO�iP�z�iJA�� (5) R8&n2`jiP���3Qm�1bY�U`�W*�|1ps�kE�1b�t"X%&nUÆ�|U�a 144 F�}�1ps�&nBÆ [10] �



� 4 9 6tB����~�j2qt℄�$q�H 315��O���}�i1ps;�5�-\#f� (1) \�+t� (kEt� 0.1 AU) �}�i1psph<+�u�M�j����x:pU/^fr� (2) \�U 0.1∼0.2 AU i��?-�}�i1ps<+��u�M����j/^fr�yU\�e7�<�e�-6i*+��7pUaxfr� (3) �Æ\�s� 0.2 AU ��}�i1psM<+�u�M����j/^fr� (4) +t\��$��M<l���iJA��y�\�jiJA�i�:��C�i�U`�
3.2 �XV8(L?H,&-/"JL1b�t"X%&nS��1pskE�W*�`ax1ps�3QkEE 0.14

AU �:x\��t��$Z
z�p< 27 min �7 2 j 3 I`tax1pskE�-;7�7 2 �r�4�1ps�kE���4��<s�aFkE�1psÆ��a�W*p\,�T`i1psU\�-;e�7pU���7 3 �ax1psFÆ-;�\��1{�;7 2 W*pFbT`a 144 F1psm
�-;U 0.004 AU | 0.6 AU i��;lWh�U�}�Y�:p�pUo~\�0P:4�i1ps� �pU\�;t|sm
-;�i1psD:Xd(��\�X�#p�	1{�;7 3 �W*T`�1ps�#p��kE�X� )��a5�t��$K\,#p�
8 2 �2qt�lF.<8 [10] 8 3 �j2qt�%�lF.<8 [10]

4 ����k3ru�%r/=
4.1 �+O%-,D?/"$##p��h�!����&F� (�-\H~!����#p-;��G!���t5!���℄��&F� 	��℄4��)|��p�Æ`� CME �#p(	;��G�z:�!�"�#p-;$�!�Xd�G�&F� X* [12,13] �y�|��Eo���<U��}�i1ps#p�G�"~� �G�}�i1ps#p�-;::�t5�}�i1ps*n<� -.� D���G�}�i1psj�GiG�ly�8$x-</�K� ���℄`h~t�}�i1ps�#p-;�Tj!�e"�#p;��+�W*�G�}�1ps�<G�S�dF�}�i1ps�#p�x-\ ����s\��iP��P1MVE1ps�J?XPm-U!�e [14,15] �y�p S�dF1ps�P�����:h~x�t\��1ps�J?�7�mU!�e�KVnS�dF1ps�



� 316 �������.�O���<�Z������� 26 O�P��y�W*S�1pswH\��#p�1ps�#p ℄i# (EB) �S# (ET) j�# (EK) b?-�i#�#p��W*5�E
wB = B2/2µ0 . (3):x� µ0 EbYi{��JLM α VjJ��S���h8� (1) j (3) W*(�}�1pswHP��i#5�E

Eb =

∫ R0

0

wB2πRdR =

∫ R0

0

B2πRdR/µ0 = πB2
0R2

0

[

J2
2(αR0) + J2

1(αR0)
]

/

2µ0 (4)2EUiP�.6dp<~q-p��L αR0 = 2.4 �We�W*{�E
EB = 0.228 πB2

0R2
0/µ0 . (5)S#��W*5�E

wT = nmpV
2
th/2 , (6):x n � Vth j mp -6Eu����u�S��ju�up��ES����jS��L3Q�� (n0) j3QS�� (Vth0) �a�1ps!wHP��S#W*5�E

ET = n0mpV 2
th0πR2

0/2 . (7);�1ps�U'C!�4xR���*S�:�#�zv5> M'C!�4����US�'C!�4��z� JL*dFW� (1) 1ps��℄`<�{
9���6PX���q�j9 (Forward Pressure Wase��S FPW) z [16] �KL
9� FPWi� 10Ftz���3Qm�E'C!�4���&�_����j\�Ms�1psM\,K�
9�y:��<�s\��B�1ps�K�<
9�z:\�gt���g��1psXPW#K�
9�℄U�<j
9lU��$x�<��$\� (kE 0.0508AU) j�� (3Q��LE 300 km/s ��s��E 325 km/s) �+t� (2) �����<
9j FPW  1ps���?+��'C!�4��s��$�L1ps�$� 1 -���3Qm�E'C!�4�����z��D++?�oFx�t\��$�VE:<O4�'C���7pS����$�'C��� (3)��<x�$�:3Q��t���!�4����KVE:�#)B<NsiÆ�:T<�#�h~t'C!�4���1ps!wHP���#W*8d�S��
EK = n0mP(VM − V0)

2πR2
0/2 , (8):x VM j V0 -6E1ps�3Q��jS��'C!�4���h8e��wHP�1psi#�S#j�#�S�N��1pswHP���#pE

E = EB + ET + EK (9)7 4 j7 5 I`tax1pswHP��#p-;7�7 4 �r�4�1pswHP��#p���4��<s�aF#p�1psÆ��7 5 �1ps�#p� (�� 107J !��$�
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8 4 �2qtxIQ��$q.<8 [10] 8 5 �2qt�$q� (� 107
J "��%�) �xIQ�$q�2| [10]Æ) wHP�#p�1{�2n7 4 j7 5 W*T`�1ps#p$Vm
-;�D�$�#p��#p�-;�&Fpg���6�:6nÆE α = 0.87 ��

N(E) ≈ 1.191E−0.87 (10)j"�#p��#p�-;l� ("� (13)) �p�6nÆl�+t�
4.2 �bD?/"��)B)|��P1MVEiP�o�XPm-U!�e�y�:d,2Pp O��Wp eO�S�iP�P��℄`�w��m�<\���}�i1ps�o��m-U!�e�z�Æ|r�Gz�P� L0 �'DE 2 AU< L0 < π AU �a��}�i1ps��#pKW*1bd�S��

Etot = (EB + ET + EK)L0 . (11)�m�<�}�i1ps�<wP� L0 �� 2.5 AU � Wu �T [17] ��te� 144 F�}�i1ps��#p�axi1ps��#p-;U 1019
∼ 1024 J i��7 6 j7 7 -

8 6 �j2qt��$q.<8 [17] 8 7 �j2qtxI$q�E"�$q�



� 318 �������.�O���<�Z������� 26 O�6I`ti1ps��#p-;7ji1ps�#p���#p�1{7�n7 7W*T`�i1ps�#p���#p�-;�&Fpg���6�:6nÆE α = 0.93 ��
F (Etot) = F0E

−0.93
tot . (12)

5 ����k3ru�>I+Æl[�Zw.lWb���h�iP�E&~s\��1ps2P�Y�Xu,j (CME) U�}�Y���5X���}�Y�Xu,j�&F���:k-<G�!�5��$#�JL 3.2 1��Ft�x�s\�1ps�-\�W*h~\�l?�1psM<l��(�� �<1ps?Vfm
-;�a�\�-?�iP�x�1psjiPpW#�4&afr�\�gs&	�x�\�1psBgt&	�x�\�1ps$W#�4&afr�4�t1psjiP$pW#�4&afr�z:�iJ�l�s�53-
� CME j"��!���$#�#G�!���$#$BM4zIp CME j"��1MSa� CME Ej!�"�lU� CME [18−20] �XCjd��5�!�"�$##pLU 1017J(C"�) j 1025J(s"�) i�� D#p�j#pi�$:n��6-; [12,13] �
N(E) = AE−a (1.4 < α < 2) . (13)��}�i1psj"�M<l4�#p-;(�p��}�i1ps�6nÆl�+t�-		-!�"�#pBi1ps�#pi����:4��1M�"�#p5�x�&�*$#�3m|p�E"�#p�p��Cp�_ X ji / 7 X ji3m|p�� _G�S���+S���Ur8j�*��8j�|p�E"��*�#p�p��4et&F�)���8j�|pB"��*�#pUe+�UÆ�m:BY�x�is2P�#p<?��-;�aK-G<��6W#�!���$#�&F�*(�::� CME$W#<j"�a��<��6�aK-GUY���x$Ipp�t� CME �p��Æ�A�!`�
��XC���ht �<)Y�(XC| (SOHO/LASCO � 3 FY�( C1 �

C2�C3 �XCs�'D-6E 2.0×10−8
∼ 2.0× 10−5B⊙ �5.0×10−10B⊙ ∼ 2.0× 10−7B⊙ �

1.0×10−11
∼ 3.0 × 10−9B⊙

[21] � B⊙ �!��\�) �j1M� CME j"�lU&��axt\�� CMEpW#j!�e�t"� (�C"�) lU�jiP�5�1M� CME&��x�t\��1ps�5l�+t� CME(micro-CME � nano-CME) ��*�}�i1psj"�<a��#p6�i1ps#p���6nÆ+"�#p�6nÆt�W#�2Et� CME(�jC"��t"�lU� CME) UY�Y��f8bYx++\,)4}Æ�t\��1psUOVbYx$\,)}Æ�t\��1ps�\,)K}qb�s\��iP&�:\,)qb� �"��XCW:pUa��S*���e���}�i1ps\�jlU(��-\�*��}�i1psj"��#p�Vf��6�XC�|�UÆ)`&FW#�o��<�t�x�s\�1ps�k-<G�!�e�$#�jiP�5�1M� CME &��x�t\��1ps�5l�+t�
CME(℄ micro-CME�nano-CME)�:|�<p�fL5�U!�epUW#�5�x�t\
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Mandrini �T [28,29] :J��L�)B#f&xx�\��}�1ps<G�!�et$#���fL��Æ#fU 1998( 5 N 11 Y 0750 UT �>UY�xz`f&Ft�_ X jis	�-#YU S ��~2P7sw�4z`fJ�:XC1��1b-\aFY�e� S�2Pj 1998 ( 5 N 15 Y�x�1ps�$�#fz���[� S ��~l���~��HsB1ps�Hs�~����j1ps�����#pg��5��*�ÆVEaFt� S �~� 1998 ( 5 N 15 Y1ps�$�G�
6 �'�C\B�w-	n`��Pe�L�L�t&�;Y�y�p P��*axt\��}i1ps<G��}�Y�iJ�l�W#��<W#�?-�xt\��}�i1ps<G�!�e���$#� z:&?-<G��}�iJ�l� �O�O�xt\��}�i1ps�G��� SY;&>�L�*)Mk-�XCfL���!�XCK}A��)B�W*�_K�xt\��}�i1ps<G�!�$#�XCfL�oqk-f�:<G#Y�fL�$W*h8K�KAO�4z��	�Y�K}XCÆv��_xt\��}�i1ps<G��}�Y�iJ�l�W{fL�_U ��y NASA/GSFC )M Wind K}�U#ÆL�#=PR�
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Studies on the Sizes and Energies of Interplanetary

Magnetic Flux Ropes
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Chinese Academy of Sciences, Nanjing 210008, China; 3. Institute of Space Science, NCU, Taiwan 32001, China)

Abstract: Interplanetary magnetic flux ropes are a kind of important magnetic structure in

solar wind. Previously, some scientists believed that there exists two kinds of interplanetary

magnetic flux ropes. One is magnetic cloud, and the other is small magnetic flux rope identi-

fied by Moldwen et al(2000). Both kinds of magnetic flux ropes approximately have the static,

constant-alpha force-free, cylindrically symmetric configuration. But the small-scale magnetic

flux ropes have no famous expansion and lower proton temperature behaviors. Moldwen et

al(2000) suggested that the two samples are from two different source regions: magnetic clouds

from reconnection in the solar corona, and these small-scale flux ropes from reconnection across

the heliospheric current sheet (HCS). In observations from 1995 to 2001 from the Wind space-

craft, 144 interplanetary magnetic flux ropes were identified in the solar wind around 1 AU. Their

durations vary from tens of minutes to tens of hours. These magnetic flux ropes include many

small- and intermediate-sized structures and display a continuous distribution in size. Energies

of these flux ropes are estimated and it is found that the distribution of their energies is a good

power law spectrum. The possible relationship between them and solar eruptions is discussed. It

is suggested that like interplanetary magnetic clouds are interplanetary coronal mass ejections,

the small- and intermediate-sized interplanetary magnetic flux ropes are the interplanetary man-

ifestations of small coronal mass ejections produced in small solar eruptions. However, these

small coronal mass ejections are too weak to appear clearly in the coronagraph observations as

an ordinary coronal mass ejection.
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