w5 & &) & i

& &%
SEAESY B YA

AXERMAB208F[ 2B R EAERAKRLABENRBEEEHFZ
BEAokidE-FHE= #mEINEFHMSIREZIFGEHIER
ROERAREEBAR] XIARHEZEZNHIAE
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# W wh g &) ey AR B AR 20 TT 38 90 3] =+t fe A ) % 4 shmE LR - 6 B A2 K Birkeland (1908)
B E G AR R 2] 69 AR 2 & 643 B R Bk BT Y 3mt 88 4L > #8 2 A positive and negative polar
elementary storms ° 35 42 A7 3F &4 4 B R Bk 187 AV 3umt 446 > A8 MK 42 89 % 5k (magnetic storm )

5 MR R TG B R PR B —BE R o ™ 3 4 6953 05 B AR AL sk AL - 3 AR R

— WA A E R R R A MR G =N EMIKFE MR A EHR(Ring
Current) R AT B B PR R B EE I AL o RiBEE R LS R > B R3bat 2 Bk A 1 9538
#2 (sudden storm commencement, SSC) » 4P A E R &M > mA d» B A#E BT R (ie.,
Chapman-Ferraro current ) &9 3% & 43 B sC % ATk 6y o B 28 0 B Aok @ A8 R4Fe) S48
W EEH TR TERBEGRIET R - Bk ik AR 2 ayaeg %1t AE L
A2 E L e K E o 27 Birkeland AT R 2] 89 iE B Bk A dhms 4216 > Rl R B HETEEE P
&) R & #1715 3% E R (eastward and westward electrojets ) A R 3k A & 4 849 Rk JE B 7T 3 A%,
B o MR ~ B RERERAN R H TR 69359 TR (field-aligned currents) 48 &
i — 1B 5k 8] 69 B R & 4 0 38 % A% Asubstorm Region 1 current system (B —) < B4
Birkeland & 02 AR K 9Nt L F AR5 0935 @ BIR © A T & & Birkeland 89 T R RK > B4
field-aligned current 4.4 #% % Birkeland current °

Birkeland#% #9 &+ 4 3bai i A1 4 R BT » fEARE R R & B0 0 3bat it sk ¥ > & T U B —
Bb 45 B ] K IR 6 Rk 15 8 B e R At kb mb ks E (B =) o B E e #H
2 F A5 40 R 69 30s248 B) A polar magnetic disturbances © & %] Akasofu and Chapman (1961;
1963)F % &Lt 5 #7 7R B 48 B 3o & omt S Ab3e sk A 5 3 > B bbbl B AR B e LR > &
B — MR mg Rt eey A E (B =) » B k3% Apolar magnetic disturbancesiz 1B % #%
FRAREEARE Ko mhdg G AL > SO 30 33 0 3 4 0 DR 18T Y M 4 1’b 2L 4% Apolar magnetic
substorms ° &% (substorms) M8 > A LM GLEAE - T8, Z R TR
ERRECHEET - 8% (substorms) AAREHRE > HETF 1&*”7‘?‘ HomE G AL ¥ Bpolar
magnetic disturbances > MA & & & J& a4 16 F #positive and negative polar elementary storms °
BRI ENEAMAEAZES *E/@ FRAH S EE S ER K - A LEHRE TR
HPRENEBE %M E SR MR ER - Bk FAKE 78R 2] 8)polar
magnetic disturbances £ & J& 3% & < 2| 8] 4 A B ¥ B R RIIEHE O 4 = X B IR FE B
72 Wy partial ring current34 3R 89 F & o R part1al ring current:‘iE%E WRLERE > FRARER @
LLER 0 e i ey SALIRMEA T S c TARANARKE  ALTENAYETHE -
ERAF R PR RN ERAKRRL > REMARINPE et PR DA
P 8 B 0 5k AL 384T 5 - AR A B E H RN EY B RHRANPE LB ER -

4£ Akasofu and Chapman42 H polar magnetic substormsiz {8 % 3312 R A > Akasofu (1964)i& — ¥
% B L polar magnetic substorms# £ #Afs] > B0 EE Z R —MEF 7 #u ¥ Bebh ke
i — % B 4% Aauroral substorms ° T B BH A &) & & substorm &7 X # (onset) % : a sudden

brightening of the most equatorward auroral form which is followed within a few minutes by an
explosive expansion of the bright auroral bulge (Akasofu, 1964) - [& m % Akasofu 2Lz &8 % &k
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o d L ARARERR] 0 S A7 PR AT ) BYauroral substorm#S A B 0 ARBE S AT 2R e — B EY
SR X TER o B Pt=0/K %onset of substorm®y b5 - TR BF LB AL R TER
f =+ %4 0 F GDE-1#DE-2 Aiefir A A Kb LRl @l R AR - st Fefm ke E s 5
o 1FRE—FayER -

fRbELa RAEEMSRORF  HERBRAIbOEBE ¥ S LW X TGk
B ARG I B RAR K UL et 3E By 1F] B4 A o B sb Akasofu( 1968 )i — % 4§ 4% % 8] % (auroral
substorms) X % % B AT Fl 89 % 4% > %% /% &) % (magnetospheric substorms) ° A% #a%4 /% &)
ZHEER G TR

FERER B 1970 K 1980F K > REQENA R FHME AR ERE T L T aaiy FI6ME - R
YB U] o il A A B 9 BB R 0 AL Em e R TR 0 B R R L — 8
PR B A A AT IR 0 IR R S T 0 B 1 > AR AL R AR e AL L R Bl &
By A=A - R KkH (growth phase) ~ ¥4 #7 (expansion phase) ~ $LIRIZHA (recovery
phase) ° Kaufmann (1987) A ffi ¥ 69 B /R DAL AL » 309 B 3F b 17 B i sy A e B 4
* % 7% b # near Barth plasma sheet (NEPS) Fi1 & i & 420 % A7 ik sk 49 © iEAENEPS » #1303k
HWREBRR 0 AAALA R EE G T T w8 M B B S N\~ A IR F AR 8 Bk o B

IXEBZARATRELETR ARG QWIS > TR BATKR S B R 8 Fey12 w2
& AR F AT ER A REACHY - oS ERBELE G X o LT KA

BNk ) R E S E] (phase) ° #2/% ¥ oy medy B IRAS AL o

Growth phase:
BRI L m % &) R R EARE L — B R B RIGR G AE B R TF A mL R F 69842 o F 3 IRat g AT
7 KGR R 64T RIRRR S B R R Gy sk 2 0 0 AR B T LR 8l R R R A6 A o
BB R & AT B IR AL K 5 i3k nt 3 A B R ek g TR A w35 4 Z W (Dungey, 1961) °
HEYp 6 E B BAR F AT E A 69 R — B & BB 35 AT % A 89 polar cap potential jump > 38 E & A
HREOREUE (eg,Kanetal, 1988) ° B b T A K183 58m2 /g Moy TR IR > (LR RE
(tail lobes) oy EHR FAEEHR A (plasma sheet) £F > FRERAMARBZ T QE#A T
MIGE o M2 o R B R AR BB KIS T R T e RE R K e~ Y
T4 R B E 4% (thinning of plasma sheet) ~ F] % #ii it L ey A& M R R 2| ai 3 & 2
BRAEWHEIE > thBkd X L ABidge b & (B A > # 8 McPherron, 1972) -«
Kaufmann (1987)84 & R »#7 & R BT » B4k eymidg @16 & TNEPSHALBE#E R — BER
5% L3 fa o

Onset of expansion phase:

A8 # 7 5%, & HA 89 45 #thinning  of plasma sheet > % %5 #7 &9 4% #03t L dipolarization of plasma
sheet° Z 7 %% & 8] M4 8 & do T AL B B 04 7 A2 BL B (onset) AT/R — ~ M 48 A A &9 BF R A >
BAETHSFN LA Fme) BRI S RBEFEIRARRH Th o L2 RmMALay B R
Blfk o BHMATHEMISH £ 8 % 7 #4269 £ R84 o 3 L1842 .45 Tnear Earth plasma sheet
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BFRERL— REMRKFETE N AR dthinning## 4 A dipolarizatione 35 18 localized
dipolarization & 3% ¥ > B# A R R ERB ARG LASEHR— " TR INEFR
AT (pre-midnight * BF 5] ) #2474 (post-midnight * BF B41) At ~ AATHE (B—) -
BH I ® E R A LA Acurrent wedges © & 3 B BB YL a5 8 #1A BE T 0 42 3 ¥ current wedges
MR B w35 Lu -85 (quiet time ) 89353208 2 & 0 LR akdh e ) (T S B A e LA
&R ) o MmAeiE Heurrent wedgessMal 89 E R R Rl €45 48 % 8 (continuous thinning ) ° Kaufmann
(1987)3% & 32 A& current wedgesFTi& R E o 7T L 40 AT 3R 09 3b BRI F » L3 & £ F AT
B EIR o RLAESE T4 E 2 AF SR 09 2 £ 43t 54T GOES A i 2,
BIEMFRINE R FRZ (BB TR R LABFHELE > mFRar (50) o9T R
h 49 % AL Al L Kaufmann (1987)89 &35 4817 o B4k 89 4 R BT > current wedges®) &4 » 7T fiE

RAFdoKaufmann (1987)89 4 X, FARRE R S 86 - iz > BHF R 2 FLRAERE
TR0 AT AR wEM & 38 3L /£ 41 9T 3 Bonset of substorm expansion phase (Caan et al., 1975;
Rostoker et al., 1982; Rostoker, 1983; Samson and Yeung, 1986; Kamide, 1991; Lyon, 1996;
Kamide and Kokubun, 1996) ° 4o R AT 2 gty by d 3L 09 BF R K F > AT sk AAIRE & R A
& > BT & H Fsudden brightening of the most equatorward auroral form > {2 4p & % # 1% — {&
50 R o 8] AR R HR o AR B IR BN B A2 A A pseudo breakup &pseudo onset © F 2 0 It
7 Fif A #onset of substorm expansion phase# ¥1 /7 2[R u235 3 @) A B o AFIA > TR R > H 8
#E )% 8] ey T M A T AE R R —4E ¢ Bb4h > R4EOhtani et al. (1992) 4 #7.78] & R B2~ » frend of
growth phase » R & F RAT & RHNEPSH T4 h & KA #4344 (The explosive thinning
of near Earth plasma sheet prior to the onset of substorm ) * i& #explosive thinning 8 #2 7 v {7 1%

B B4 R BonsetX I AATHM4 0 A EBBEAFE L EHMA -

Expansion phase and recovery phase:

fronsetfs 8 =+ 548 2] — [N EF 9 AR LR A B 0 S Alocalized dipolarization & 3% 7R 7 v % &, 2

Bk B wmRl#& K 0 K # dipolarization & 3R 69 & K » 4 K75 8 & IR TR B &) B4R B 3R A B R

MR PE & o & SRfield-aligned current wedges#I /L B AR B e B & w8 0 L@t gk
(e.g.,Kan, 1993) o —#&AB1Z > &R &IMATHEFOEARA Z 05 > HARE B4 o 7T L4

R EAGYAT BRI R 5 5 R e 5 &) 0 RUASTBS BA 46 AR EA - 47 & — BB AT #1E S0 649 3R AR o

B AT B 7R B B R B0 B A 0 SRS B XA AR B A8 o AP AR B A AT 2 R
A

(—) R34 E0tm S s g ol IR e s -

BRENALHE R B EIRERE RIS AR Meurrent wedges 2 BN a5 R T R R & IR 64#
W EH A e (e.g., Hones, 1979; Baker et al., 1996 ) ° #&35 4% % 0 05 sk 355 oy v Pl 20 %
EAREEESGE  ThREL > EAGERT LSRR FEEANTEHER TEREL &
BTN N EE G 7T 3 Rk M EE G 3R A B R 98 L 3 w0 S AR partial Ring current * 4w 5% 2% 5k & st 444G -
TR B B 0 ST AR R B R AR AR TR Y 0 RARMEL B 091842 - 47T SAAR
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BRI SRR TR - EREHEVEZE LA — LA -

FAEZ — MARBERG 450 EBEX > EEBE 6T 5R &% LR R 2] s
R75 v 6 & R o MmARIEKaufmann (1987) A7 #4& &9 cross-tail current disruption region #4342 +
BHIRFEN - TRAME R ew R+ 2+ A EHRF B BRG AR ERAETH > 40
AP @ik E R eENE (eg, Shue et al., 2003) (EN) - BB RMNLE
RO BEIFEMEANHZRZER T —EMNBES X - IR AR EHE T 4
T+ AEMEKFEZI ERAALANQHETGHERA B TELEKRE R
(plasmapause ) & 7t + B IR F /ST £ A BAR > ko B £ o RBEIAE A L ohdrtt > T AE
AR FaBAR T RERGOER BT FEE — AR R & o BA6BIRIES > &7
H B34 & by cross-tail current disruption ° AT A EAR G R > BAEF S BBLER - 2R A
MEMEARRNHIGRT T ERE R TARRELTHORIE » THAZ BT RAE 5 TR
TB M4 o REEH IS RERET ©

SLINERE R G| BRI R E M IR 8RR > LR —EAF BREY AR o R L BREG R E
¥t 6 4 32 M4 ] @.4% forced reconnections (Lee et al., 1985) or reconnection due to local instabilities
such as collisionless tearing mode instability (Coppi et al., 1966; Dobrowolny, 1968) or drift kink
instability (e.g., Pritchett et al., 1996; Zhu and Winglee, 1996; Daughton, 1998) ° & A #x i1 % 4 2
P65k & B 3R A2 > B2001 4 &9 GEM Magnetic Reconnection Challenge (e.g., Birn et al., 2001, and
references there in) #2005 #)Newton Challenge (e.g., Pritchett, 2005; Birn et al., 2005, and
references there in) * B 93 R 4R T B MFERL G 8] R 69 RS - B R B LEBEMBER &
B R A G AR R o P B 608 N5 B R INEPS & 3R ey 5 M R
# ° GEM Magnetic Reconnection Challenge#9 #1445 %) > TR ER > LR A KN IR -F
#5 (Pritchett, 2005) ° Z# Newton Challenge#)#14%54%%) > & —#&forced reconnections * 12 %
0~ SR AR AR dLE R RE > AT R ANEPSE IR @ A BARMIBBR EH > BHR
—MAE BRI o bt N LB FHOBEERTY KRGS T AT RA SO
& ° 4w fT4% & R A normal magnetic field componentik b 2| & > £ — 18 F Z Ak e) P2 -
Explosive thinning of near Earth plasma sheetfd 7] SA 2 S B $E AR AR B © =] R M FAR &Y 3218
#2 » @ ¥ AxExplosive thinning * X g, 7 #7189 A2 ° Pseudo breakup $2#% 35 4% & 5t 2 F &9 B 1% >
b T NF R o

(=) 3R EMx BB RS T E2m 8 &) R 20 ®)

BRI HHEAAA  NEPSEHRT AR EBMG R EH > BREZEBREERFABL £
EL By substorm expansion phase ° 15 4k & Bkt F R 48 T .45 T cross-field current instability (Lui
et al., 1988, 1992, 1995), MHD ballooning instability (Roux et al., 1991), and kinetic ballooning
instability (Chen and Lui, 1998)° £ ¥ cross-field current instability &4 % 4 #% 5] & B % g5 5552 B
TRNETHERTEGMALANEAMGNE T —ERTERARET - WEARAREBLAE
EWELRKRS » TH L ERG AR EMR » EMEHH L TRBERR 0 TR
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dipolarization A & current wedges#9 7 a, * RELEREH o R A B MEER/EAMTFE RRAL
MR RERANIEE AR 8 T AANEPSEE & HA 4 -

Z ¥ ballooning instability®) 4 A & & EHR R BERRE AR ONEPS T HH K % ZHAewg TR
RFE > AR RS FOEA#MGBERSNPTEGNEE > REHFIHERERFR
& o BT ARIE T LHE R —FEinterchange instability B $b=] LA oy 54357 4% 64 & oy iy B2 24
TR EMERAS (BAN) - ERF GO RRNBEHEBRERRES) 2L E G R RINE
BE o R BE#E - SEERATRIIBA SR BGER—REZAANETLE > Rk
J& 7 interchange unstable#) 4 4% - 48 ¥ 74 4 forced magnetic reconnection % % #& 9k 77 38 P9 /& 2k
B 4% 435 85 4%  ballooning instability #8 28 /& tb #2 2% § 3% At @ 3% &9 dipolarization © 7] & F #IMHD
ballooning instability (Roux et al., 1991) ATFABI) 42 €4 A O RME KK T » EBBLER R
o RSB AHE IR 2 #3% 718 3 89 kinetic ballooning instability v £ T & 4% #9kinetic
effect * T Ki@4R I RAS A A 9 BE > B b H & R L85 6 NEPSH L 09 AI & R » dy i
4 ballooning instability 894 & » K B 45 6-#7, 8 b 64 #4 /% 8 Fonsetd) % 4 ¥ %5 > B b diballooning
instability B2 8 Kk 45 B R R R S8 0y B AR K o

B # cross-field current instability BA & kinetic ballooning instability 1Bl 22 3% 4% X, > #7074 A ¥ 1%
BEEEARAEBETHTRERR  RAERELAREZM T 5 M ER - #self-consistent s f i 1
R o L mIRIAN RIS > Ww KGR PG T MRS ERF T FERTFII BB RE
BARiEE - AL Z ZRBEAVNERER > THETREE 3 R84 0 BRAR
SRR BEE T REERABEEEZ TR EEARIESAEL > AR LIRS RS —
BER LG BE -

(=) ShRAR B A5 4L G B R ¢

BTAEAAAINRIEE A TR A RIGRENIES - REBTEENIES) ~ UAR A BRI
B o AmAMOERE  FLBRALROCEH T ST EREE GBI 7T 25852 % 8l
F %28 (Caan et al., 1975; Rostoker et al., 1982; Rostoker, 1983; Samson and Yeung, 1986;
Kamide, 1991; Lyon, 1996; Kamide and Kokubun, 1996 ) - 12 48 B a9 432842 > B AT40 3R
Y4z BH 3 (eg,Lyon, 1996) » & & AR BRTURET - £#E 3 FAAM R T -
SR RDFRRER > BT TR 2 6948 ik B4R (bursty bluk flows, BBF » 7] fE & 1%
Ty ik R 0 w3 R P A 89 3 % 0 Angelopoulos et al., 1992) » ¥ T UL HNEPS & B
w5 R, B TR 6 FRLET T BR Byt G B AR AR R -

sb4h 0 Kan et al., (1988)RI12358 & 1@ L M X & (Alfven wave) EATHEG BT 8B ahn b

( magnetosphere-ionosphere (M-I) coupling ) * =T & T 82 R 3| 5wt /g 2| F AR HR - TEEH
BAWEFRTXANENEEZERE T AH Y E TR A o B Afepoleward edge of
diffuse aurorai®@ ¥ & HARYHQET R HA » B LS B X 7T LUARFE A TR B 60 B B b
EL P ety At g @ 3B AL AENEPS © gL @ B AR T OCRAAM AR F oy ¥k THENHEE
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Regd (2 AR LRI G » ATAmLG Bl R ey A M B R M Aok ~ KEFE 3 © Kanetal,
(1988)A7 #2 i 8¥9M-I coupling# X, > & & B Alfven wave ¥ 2R B 528 TR0 KR ¥ EIFAEE FA
T > BABTHETAHAINETE > EMopHhELies c THOZ > WBEXRARE
B F S BER NI BEREIRAZ - BN B R TRBE KR - SENER > IR A
A A ISR R R R RBATIER - X T ATHlisi s S8 S BUR A S K >
IR — 4R DR > sk — B3R 8] 2 6938 » RI5IE € hofT EFEHATIETS ©

AFEXTHA LA LORET—EEREN - L TERRE A ANHEHEKX (Lyu and
Chen, 2000) ° AE X+ > 528 8] F M4 H2 & F R AT (pre-midnight) 4935 & B IRATELE) &) °
HAVHEXTES AT R 0 A @182 T IRA 3 SR M3 ho > 30 B K F A R A 095 R
¥ % MNEPSE &35 st B EME B4 G a G REENARTRRER - TR E
BEEEXEARDE RS TR > &A% AT R L HNEPSHE sexplosive thinning#2
dipolarization ° H ¥ explosive thinning R & ¥ huig ¥ az 2 E R 58 7T £dipolarization 4 fE
FERAN oAk R 4209 E 4 (Kaufmann, 1987) » B L RILE B w0 R TR K > & scurrent
disruption ° 482 » HFIIHE X B HBE XK RO FRBEI AN R RIBF G RE - KX LEAE
cross-tail current disruption > B i, — ¥ current wedges > [ B 3% 5 % 5 dipolarization ° &1 49
# X (Lyu and Chen, 2000) - %t & & — X “F R AT &Y current wedge * A ¥ Fdipolarization 2o &
current disruption * &R 1% 7+ & &£ F RET R 5 4h— LA 84 B thcurrent wedge ° 3k AP 1F 4
o F AT 694 R, 0 %8 3R E $Lkinetic ballooning instability (KBI)tb #4840 © B & Bk E) X 64935 @ &
Mo & JENEPSIH 1 1% pr sk 5y Bk S X 09 RIRR 4531 8y o B S & AP 09 42 AR AR — B S RAE )
AE A5 Y KBI o A X AL 7T LR FE B AT AT B 5 %535 & do 38 46 & 5 2R 45 8 SRpseudo breakup #4 BL
o E AR AEHEEregionFH N FETE > R a KRGRANEFRYHeiTH - M2
AMB| — AR ibéi%ﬁ%%h%m(mmaml%w ERRE XKGRANY R SES
BRI EETHITRORE - SMIFEHERFERLRRE > A HBYE - RMARIZ
B FBNETFRY o FARe 0 B il"‘@&iﬁ Bt TR BEHRESR 0 &M
REGITHE > REWAR— X #7635 % EAR (Lyu and Chen, 2000) ° £ #pseudo breakup#y 4
RS %ml%NW&#‘ab%ﬁ%gt&%ﬁ

ABAREE > RAMBEBRA > 042 —2EANBEEBRER > RBEARK FATHE
Bz gk EAEE R R G e E éiﬁﬁﬁs%°l%u%i?$’&ﬁ%&%ﬁ%7*%
% RE ~ JEBERME ~ BRI AM I E 4 & /) AR - A LR RBUR T L2 &) kg
FHEREWIERIET M ILERE -
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PROJECTION OF OGO-5 TRAJECTORY AND VECTOR FIELD OBSERVATIONS IN MIDNIGHT
MERIDIAN PLANE ON AUGUST 15, 1968.
Dashed field lines show quiet time field and solid field lines show dipole field configuration.
OGO § was in the lobe until 0445 when it entered the plasma sheet. It momentarily re-entered
the lobe at 0712 just before the onset of the second substorm.
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. Distribution of Geotail locations in Geocentric
Solar Magnetospheric (GSM) coordinates. Pluses and
diamonds denote locations for earthward and tailward fast
flows, respectively.
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