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1 �P��/24��qJE��vJDW��RHq
JzsI��24��sqJ����A=3����xv:=Es���qP (IMF) �qP
)���qJ,>J
${�GWk��qJ [1,2] �w/NGqJ1A
{\#*�p�E�~�(
qJ{\#�Px�� [3] ���7'24�qPxv:=
.��U�24�qJ
Jz
��6UNGq#�qJ+#�qJg6*��S(q�=:�qJ-�e\#h�����qP Bz =�x24��( Pdy �U�24�qJJz
�RE):
C� [4] �sEO
,K$����qP Bz =�*qJ	�
U�����j%
)��� Bz =�V$���qJ	�+3q�/ Bz =�V0���qJ	�x.wP�6U0�=�kPvqJ	�~*kW� [5] ��0�qPZ# 30 min Eu�6UqPJf�$3��NG�� 	b���2009-11-30 � �j���2010-05-20kp�{�&o�
P�[n{.M,Æ*a.2��o =ga'Æ��/ (40804046) �&oa'iiTZ�0
	�I!9��o *��3�2�Æ�90�/ (08262DAA4S) 	
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+#:�~�E�(7
h1
 [6] �.Oa24��( Pdy *qJ	�

Q�#^NGC`
)��/
GW<#^(Wr�.�Gp�24��(
.�^{-�
�E$E�j%1
�24��( `9℄ (Dynamic Pres-

sure Pulse)��24��(s{&�$1 (n	a 10 min �=G
,K�$uJ.
�$=�8) Jf{EwP�����:�E-$('�S)
�( `9℄���ks��$('�v:=�&#x24�%#x.wP�b24��( `wP��24��( `9℄GWa�YqJ���wqJ�(()�(~s�4FqJ���k8
j+q�=:(�1��q�=:�k8��'��$�\#\f�q0����eG��qP��=� H =� `w!��h1�qP SI (Sudden Impulse) �/sP\�\
�q0�veG��qP��.����qP H =�wJf1��f~Jfw!6Z#�'�$����qP H =�wJfw!�f~Jf(	6Z#�'�$�=>s=Gq�7�
�q0�eG�
�qP.��w=G [7−9] ��u24��( `9℄��1qJ – �vJsI-�e\#
h��24��( `9℄NG
h��Y�
�/3U��m�4Fx?FqJE��vJs1��+^
-:v:=\fx��sI�qYv:=<ISjah�56�:4�s0����qPD+v�24��( `9℄h1~
h�IS(+#�E-
h�+1N�M/=3(6e�=0dp���7'�\ad3~Q
℄aqYv:=<
_���eG�b.OaF�qYv=<\*�( `9℄
�Q,K+3w [10] � 20035 12m 30 m1y
 TC-1 _��F�^�_��k�P# 6 900∼85 300 km �V2V 28.5◦ �$5 7— 10 m� TC-1 _�{A=�$℄aF�qY\f�V7GqYv:=<
Px�:2�;Y�{v
eGD+ [11] ��r�/)�?x
TC-1 _�sF�qYv:=<eG
������:h1
qYv:=<h�y��
2 46B *"b;_�sL�S24��( `9℄��1qJ−�vJJzsI-�e\#
h���m�qP
h� [12,13] ��YG?k�qPh� [14−18] ��ih� [19−23] ��N\.� [24,25] ��YG?k�P3�:E�
.� [26,27] ��Ph� [28−33], ULF � ELF � VLF x HF ?'
v:=:�y� [32−34] �E��RqY
�Q [10,35−40] �
2.1 YSQW�[�24��( `9℄qJ~�GW���RqJ��sI"�~QwP�-:�mqJ����P����qJ*�^�
�vJ���kY���+E24��( `9℄�w�U�qJSR\f
qP.��P\\f�qP��=�Jf1�6Z#�'�$VVIQh�IQhEOISGV�q+#1~
1����~p1y�q+#=�NGIQh
U��!�qJg6*�<bENGIQh�VV*�Qh [13] �:4�����qP0�Z# 30 min Eu~�����:���( `9℄�z�YqJ��IQh<bE(h1��(Qh^jV�V()Qh��6=�+^
�( `9℄"bENG()Qh [13] �
Liou j,K�����:()Qh
s�1yQh
P#�:v℄��(wP\
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�(x���qP"^s�/U()Qh5V
qJ()C$�iq����
wP��R�5^�sY�/=�4ÆrsY [13] �
2.2 Y�ÆNfVSQ�[f��qPO�{-,K���YG?k�qP(24��(
.�� Rufenach j�W GOES_� 1 h �Z�YG?k�qP�Q�1ysq�J�C�24��(kP�qP��=�kP [14] � Sanny jG8,K�q�J�C24��(*�YG?k�qP
U��1y(724��(
wP��YG?k�$kF
qP.�<wP [15] �sE~
,K$�P=0��Q4�����
y�� Lee j�WP=0� GOES _�eG�Q,K��YG?k�qP*24��( `9℄
�Q [26] �9p1y�����qPV0����(wP��4FqP-:��()/wP���?FqP3yd7��y���W�\�qPx�YG?k�P3�:E��Q� Lee jkV7��y��24��(wP^�
Yh�
�A= [26] �����qPVP0�� (Bz < −10 nT) �?FqJ*�(wP
�Qv~*�)�������qPV$���24��(wPv�YG?k�qP3yd'�()
Q�*^�+�bEeG�?FqP(	���#^1y7��y�� Leej
WG [26] !*�Rh<�24��(wP
qJ�Q���qP7�^�s~,K$�V�bf���qP.�}p
U�����^�g�
���qPD+v�(wP
Q�=^�ks�( `9℄O~qP1~0�;3��$�;3
Xl� Ostapenko j�W 11`_�s�RqJ 3∼10 RE \f7G
qP�Qh�^M�rXqJqP*{\#24��(wP (BW 1 h �Z24��(�Q) 
�Q [41] �9p1y�24��(wP��4'
qP)uwP���?FqP{-�XlvvS(q�6UkV?FqP
(qb3�kY��wP���{-,K3*�qJY�qP(724��(
wP/wP [35−37] ���y�3*kY��(724��(
wP/wP� Collier j���s���qPV$���Sq0���Y�qP*24��($(5Q{j���V 2 min �!*kY��<*24��(wP
5Q{j [38] �
2.3 le�[24��( `9℄�NG{\#�i	� [19−23] ��(h�3yV�ij%�'wP�6U�i�
��,>��\_F���( `9℄`��Y~��i�{A=\f�G�O~w

Q��(�i'wP
y��i+#x.=G�+#:�~C$�i	�{!sk?O~�	�
 MLT 6T1��i	��wsP\k?FO~�
�f~,-��F��q7�n}��+#���
�Wx7�n}^�=B�YG?k�qP
�Q�24��(wP
E-qJ
Q<���qP^�����qPV$�x0���qJ�Qx.=G�����qPV0���+^
��"^3{
wP����qPV$������Qv3q [22] �s0����qPD+v�24��( `9℄`�qJ������i	�'wP�s$����qPD+v��i	�wP
E#3	�/U{!s3	
q�7�6T1�Zhou jI�=o� 18�24��( `wP+ [43] �1y����qPV0��5Fa�E�$����( `NG
�i	�=4VP�3Px3q� Lyonsjv��a,K=G(u
24�.�NG
~Q�i\fh���d���{^H"




� 336 �������A�d�%�D�~������� 28 X�9p [23] �����qPVq0�qP (−5 nT≤Bz) �6U0�qPZ# 30 min Eu��p(~1~0�qP
.��w/(	*��P�v�h1I�
+#�����qPVSq0���24��(wP�()�RqJ���'�iwP	���+#�i�G�����W+N1
�i	�x.=G�����qPVP0� (Bz ≤ −8 nT) �����qP
.�<�h1+#���GI�
+#~+��i�G\f:�
7℄2Vj�����qPVPg�0���24��(wP=BNG+#�i�G\f=G\f
�iwPy� (Sq0��(wPNG
�i	��8)�/Usts$( (Harang discontinuity)JF��I�+#�iwP\f
�i<wP��R\f
�iwP	�z6��W�RGN 10∼15 h q�7�
3k
�iwP	��sv:=<\�+#���xqJ()NG
�:3��sY"�1~��N�!����qPVP0����(wP�h1+#�6UO~()
Q��(wPbE�qY��<\v:=*�(q�+E�h1+# [23] ��^�R^HI
y���sP0�qPD+v����qPx24��(G�.��^�*+#
h1^G!GW�n���qP1~$�;36U24��(Jf(q������qP1~0�;36U24��(JfwP�"b3=�h1+#
1~���_=!*�24��( Pdyx���qP Bz =�"�U�24� – qJJz
^
C��EO{-,KBB^�s-�RC�3g�Xlv9���C�

Q�/%
>z
Q^~aC�?,K�
2.4 l`�Li

Boudouridis j�W 4 `m8K�_� (DMSP) xG�
 POLAR :m UVI 
eG�Q�+3=o�=G���D+v�N\*24��( `9℄
�Q�����qPVg�0����i���+^q�7�
��,>1~��B���N\\f')	 [22,25] ��24��(wP�O
���qP5Fa� ($���0�) ��s?FbEeG��i���,>
��B����s4Fv Z=.�-%=�uu�N\
5Q�\aqY)�xqJ*�wP��
� Zesta j,K� 1 ��( `9℄*Q
�N\�vJ��.��1y�24��( `9℄GWaqJ�� I \P��� (FAC) wP�6U�~�
�i���P#<w!��i�}�n}��y\# 80◦ JF [20] � Lukianovaj�W�N\�� (PC ��) ,K�24��(Jf.���N\�vJ�Q [24] �PC ��G�
�qJ
– �vJ*�~
�vJ��i�A=
P#x7��sg����qPD+v�(724��(JfwP� PC ��<~QJfwP��3*24��( `9℄bENG�N�PE��\�vJ DP2 ��i�A=
 �.��24��(Jfw!� PC ��Xyd�~.���w�%v1�WI?9℄ (~) �(~Jfw!�h{a24��( `�z�O
�� (-~) �24��(Jf(	�� PC ��vXyd~5
.���w�%u��W?9℄�(~Jfv1�?�9℄��Z# 3 min ��%.�
�qJ()��
 AE ��u�x�YG?k��:E�Jfu�
�����3*24��(Jf.��NGqJ*�
 �.��*+=oqoh1q#C$�(Xl��P0�qPg�/�(JfwPx�(g�/0�qPJf3$�
 PC ��.�� Lukianova j1y PC ��s�(Xlv.�P#~� [24] ��3*24��(x���qP*qJ*�"G7):GW�
2.5 Y�ÆNfVa|v'wWLi24��( `9℄*qJP3�:E�<�O~Ph�� Li j1y�����:N
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24��( `wP����YG?k�\fP3�:E�P�.��=h�s4F��s?F�K.�"+3*x [44] �Lee j!�� 4 �6+C�24��( `wPNG
P3�:E�6+C�.���+^
V[5�:1o+ (Sawtooth events) [18] �24��( `9℄��
P3�:E�
.�+#:�~C$
G?k��:1oy�^{{N4� Lee j*+,K�24��(wP��
�YG?k��:E�
.�+#�:1o
N4 [27] �=G
���D+v�24��( `9℄NG
�:E�.�<=G�sq0���$����qPD+v��( `9℄��qJ()�NG��+^3'
�:E�G�w!��:E�w!�w1~s�4F��='~?F�:E�<w!��xsk8
Q�s^�q�7���w�R3'
�:E��1~v1��~Q
24��( `9℄��
�:E�w!=�3yd+#�:1o
:��sZ#P0�qPD+v�6U�(3g������qP
.�h1
+#q0�qPD+v
+#�:1oy�{~$���jts�:1o
\fn{�^�svkF"3eG�":jts1o�sZ#P0�qPD+v��( `9℄NG
�:E�.�xd�+
h���s�4F3ydqJ()��
�:E�w!:��s?Fv3yd+#�:1o
:��s�4F":x�:E�"w!���":E�+�:E�w!V*x�/s?F�(W=
�:E�<wP����:E�wP3y�V*x�
L 1 �����;trT%l9OHZ� SI EL [40]

2.6 S�W��sqYY�\�24��( `9℄NG
qJ()���Y�qPs����='1JfwP���,K����y�VGqYY� SI �~�u^�(ly�!=�Y� SI y�� Sugiura j;d24��(x.wPs�YqJ��1q�=:��K:�}qE�w�4Fk��qY�qE�
)����qYY�qPx.wP [42] �ue�=G�
Kawanoj [36] x Collierj [38] ;d
qY()�+���( `9℄sqS$k8��wP
v:=�(0qJ�FL*V�(qY�Y�q(qS1v:=�( Z�|�w/���qYqP
.�x~Q
v:=p��K 1 Td�
()+��
DK�"{qYY�v:=(PbE���qYxqS24�(P�$
�|bF$3zV [45] �

B2
lobe

2µ0
= KPdy sin2 α +

B2
SW

2µ0
+ nSWKbTSW , (1)E$� TSW �24��:b#x":b#�x� Pdy = nSWV 2

SW �V24��(� BSW x
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nSW V24�qPP#x�&#�C� K �N>~s��Wa|�24��:CoqJ�
��k�s�� α V24��Y�,>
�2�sqYUv�Y 10∼20 RE, α ��V
17◦∼30◦(aYa24��()[35] �'f&4'qJ�-:�qSv:=
()���24��($('bEEs[�:k��sqS�WG8
(�$(9℄ [38] �
3 �<�7` s[�x<?>�x<? yRÆ,����:�24�$�():
 .9℄�<�E):
�( `9℄��� 2004 5
11 m 7 m WIND :m7G�������:�s���:$(O~����qPV$��Sq0��s�:GWaqJC$� TC-1_�Nv℄aF�qY$�v:=<\�s�:�z�O�qJ9S�J�qYv:=<
h�<9Sq�bi%3Wg�04d�:NG
v:=<v:=xqP
h��v:=<*����:
�Q+3P��1~
y�<{~$���:GWaqJ���wNG�qP SI, 1∼2 min ~� TC-1 eG�v:=<qPJf `
wP�q�|o|�v:%#�b#E��&#<x.w!�Ex.
y����:�5^�v:�6+C��x.wP�6Uv:=��7�O�qP7�)p��v:=<qPxv:=
�Q��G�1~�v'/�u9�x=ov:=<*�:
T=�Q�
3.1 
sh��yrs TC-1 _�u
 FGM [46] x HIA [47] DJ3=4;YP=0�qPxv:=*C��Q�E�$=0�ZV 4 s �i%W���Q,KqYv:=<qPxv:=
.�:��qY$�v:=< (CPS) 
-::��mqPP#3� (10∼20 nT) �v:b#3P (iv:� 1∼6 keV) �v: β �3P (2∼6) �24�D+\ WIND :mu 3DP [48]x MFI [49] #G�E�$=0�V 3 s � Sym-H ��\=>aY$\#\ 6 R�q0�eG
�qP��=��Z���Wp3�$��\qPh�Xl�/
HIx Dst ��~G�=G
�� Dst ���3;Y 1 h ��Z�Q�/ Sym-H ��vbE;Y 1 min �$=0��Q [50] �
3.2 2004 } 11 ! 7 � 02:00 UT �n

2004-11-07 T 01-59-50 UT, WIND :ma R ≃(199,50,−19)RE (GSM I1sv) j7G�
1 ���
����:�K 2 Td� WIND/MFI x 3DP ;Y
qPxv:=eG�Q�K$wu�vAvVqPP#�qPr=��":b# Tp ��&# Np �24�%# Vp x24��( Pdy �K$�:b\qPxv:=C�
l.D+0kd () “S” 1�
�|) �ls�:'�qPP#\ 4.2 nT wP� 8.7 nT �24�%#\ 320 km/s w� 362 km/s �":b#\ 52×103 K u�� 106×103 K ��&#\ 5.2 cm−3 u�� 10.9 cm−3 �24��(<\ 0.9 nPa u�� 2.4 nPa �3*K�:VP�( `9℄�uG��\qPr=�
l.bE℄d�ks$('qP7�1~J.�\l.D+�����R��O�j�:�s�:u℄�24��(3	 (	a 1 nPa) �6U��+3g�����qP BZ =�Vq$� (BS < 3 nT) ��W�:uv℄
qPxv:=C��bE�&d�:
k8%#V
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VS = 423 km/s ��|BW
�:%#�&Z
V�

Vs =
n2u2 · n − n1u1 · n

n2 − n1
, (2)E$�:4�\qP\'4�����

n =
(B1 × B2) × (B2 − B1)

|(B1 × B2) × (B2 − B1)|
. (3)

L 2 WIND ;nb 2004-11-07 T 01-59-50 UT 8H�����;�L�;X} “S” 2�{j 55 min ~��s 02:55 UT JF��qP `wP�Sym-H ��s�='1\ 13 nTJfw!� 27 nT()K 3 E~�r+�) ��1~�qP SI �"{�:w WIND :m�qJ�E}�%#k8�UQu'�&
�:%#bEa&d�:w WIND :mjk8�mv� (X=10 RE) 
%k�$jV 52 min ��O�������:x SSCs/SIs �$^{v
*Qs�Mu�|bEzy�M(u SI �\ WIND :ms 01:59:50 UT 7G�
�:+NG
�6Us 02:55 UT ~�:[�()qJ�K 3x�� TC-1_�eG
qP�v:=�Q�F,Srwu�vAvTd�
qPP#xqPr=��qPV2 θB(qP7� GSM I1s X − Y �'
�2) �v: β� (

βi =
NiKTi

B2
T/2µ0

) E�v:b# Ti �`,Srwu�vAv3�v:=�&#�v:%#�Er=��v:=%#xqP�$
�2 θBV, Sym-H ���si%+1
�



� 340 �������A�d�%�D�~������� 28 X�$'� 02:00 UT—04:00 UT � TC-1 _�℄a_F:?F (MLT 20:13—20:32) �6U℄aqYv:=<��bE\ TC-1 eG
��qPxv:=C��M(d���C�-:�m�v:
 β �3{���
qPP# (j 10 nT) E���
�&# (0.3 cm−3) �
02:56:30 UT �� SI 1~ 90 s �~�TC-1 eG�qPJf\ 7 nT wP� 20 nT �qP-�=� BX x BZ =�Jfw!��(7qV2(	��3*qP|(o|�uG��v:b#x�&# `wP�s�:GWaqJ�O�v:%#{	9Sg��6UXZs�R9S�
� (	a 45 km/s) �sqP `wP
G��v:%#Jfx.wP�wP
v:=�Z#j 21 min F`�E{�%jV 170 km/s ��R9Sx.
y����:GWaqJ��v:=6+C��x.wP���+C�ZjV 7 min �wv:=�&#B'bE℄d�v:=�&#?�x�:%#E�S=���?�T^*Q� ()K$ |+�) �sv:�wPC$��PxO�qP��p� (θBV ≃ 90◦) ��3*KwP
v:=�V*���f/s SI 1~�O� θBV �ZjV 50◦ �

L 3 02:00–04:00 UT, TC-1 `�fH� Sym-H ���Æw;>=rQyÆw;>+�;�\	�R�%X2_ “Response” ��}2��;i2� SI X “SI” 2�
3.3 2004 } 11 ! 7 � 10:04 UT �n

2004-11-07 T 10-03-45 UT JF�WIND :ms℄a R ≃(199, 43, −33) RE (GSM I1sv) j7G��O 1 �����:�K 4 TdK�:
l.D+�K$Sr
HIK 2 ~G�E$�:W “S” 1��ks�:'�qPP#�":b#��&#�24�%#E��(



� 4 D 9�}Æ��ZrK+35A�)!a:^�R�-LD~ 341�Z `w!�\l.D+��K�:lfVO�j�:��:%#V 480 km/s�24��(s�='1\ 4.5 nT w!�j 3'�s�:�z�O����qPV$��ks�:'�qP$�=�x.wP� 4 min ~qP1~0�;3� 48 min ~�K�:�zqJ�6a 10:52 UTh1�qP `wP (SI), Sym-H ��\ 25 nT Jfw!� 45 nT(nK 5 +�) �s�:GWaqJ�O��q	�9S�J�K 5 Td� TC-1 
qPxv:=eG9p�K$SlyC�
HIGK 3�G8� 10:00 UT—12:00 UTC$�TC-1 _�℄a:?FJFv:=<\$ (MLT:21:40—22:09)�s 10:53:10 UT �� SI 1~ 70 s~�v:=<qPxv:=*�:()3ydP�
�Q�E:� 2004-11-07 T 02-00-00 UT +
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Progress in the Studies on Earth’s Magnetospheric Responses to

the Solar Wind Dynamic Pressure Pulses

YAO Li1,2, ZUO Ping-bing2, LIU Zhen-xing2, CHEN Hua-ran1

(1. Institute of Geophysics, China Earthquake Administration, Beijing 100081, China; 2. State Key Laboratory

of Space Weather, Center for Space Science and Applied Research, Chinese Academy of Sciences, Beijing 100190,

China)

Abstract: The solar wind dynamic pressure pulses (DPPs) are a kind of important interplan-

etary small-scale disturbance structure. When it interacts with the magnetosphere, it will cause

global strong disturbances in the magnetosphere-ionosphere coupling system that affect almost all

major plasma regions and current systems in the magnetosphere and ionosphere. In this paper,

the recent progress in the studies on the responses of the magnetosphere in multiple spatial and

temporal scale to the solar wind dynamic pressure pulses is summarized, focused on the obser-

vations and the physical models. In addition, we report the new observations of TC-1, when the

spacecraft is located in the near-Earth magnetotail plasma sheet, that the interplanetary shock

directly drives the enhancements of the plasma oscillations in the magnetotail plasma sheet. The

shocks are observed by WIND on November 07, 2004. Prior to and after the shock, the IMF

is either weakly southward or northward. The responses of the plasma sheet to the two shocks

are intense and much similar. When the shock interacts with the magnetosphere, the magnetic

field impulsively increases 12 min after the geomagnetic field sudden impulse (SI) judged from

the Sym-H index change, and the magnetic field line is stretched. On the other hand, all of

the ion density, the ion temperature, and the velocity of ion flow in the plasma sheet increase.

Interestingly, quasi-periodical oscillations of the ion flow are suddenly enhanced, and the plasma

flow is basically perpendicular to the local magnetic field. The responses of the magnetic field and

the plasma are nearly simultaneous. The responses in the plasma sheet are probably caused by

the lateral compression due to the dynamic pressure enhancement downstream the shock when

the shock propagates antisunward in the magnetosheath.

Key words: solar wind dynamic pressure pulse; interplanetary shock; magnetospheric responses


