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Evaluation of Energy Parameters of Auroral Electrons by Using
Photometric Observations and Its Application to Investigate
a Generation Mechanism

Kei MoRIsHIMA'!, Takayuki ONO? and Kanji HAyAsHI!

Abstract: The relations between average energy and total energy flux of
incident electrons are examined for three types of auroras, namely, type A aurora,
pulsating aurora, and discrete aurora in auroral break up. The energy parameters
of primary electrons are derived by using measured intensities at 844.6 nm (OI)
and 670.5nm (N,1PG) from a multi-channel photometer observation at Syowa
Station, Antarctica, in 1990. It is shown that each auroral type has its own
relationship between energy parameters of precipitating electrons. In a discrete
aurora, downward electron energy flux generally varied proportionally with square
of average energy. This tendency can be identified as an ohmic-like feature. This
special relation is accounted for by a theory in which electrons are accelerated by
a field-aligned-potential difference. We also found that in some discrete auroras,
precipitating electrons did not show the ohmic-like behavior. These exceptional
cases are thought to be caused by two factors. One is a geometric relation between
auroral arcs and the field of view of the photometer. The other is the change of the
L-E-L constant in the magnetosphere (M. FRIDMAN and J. LEMAIRE; J. Geophys.
Res., 85, 664, 1980) due to temporal variations of plasma parameters, such as
electron density and thermal energy in the source region of the auroral particles.
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- THIEKIC D S @b e s n, —HISSHREEREICE N 5. CogdT s X< L
EBREEAK L OBEORR, S e KRUEF, TR EL TA— o I BREL TV S,
COEHA - IFEICHED S A = XL O, TEOH FER, BRSO -4
Wb, RUOHEHRMELBELCHShIcEN2255. L, BFRTOMEA # =X 4,
KIZDFHNERE T 2 OFEPABROFE FRINTVE, A—oSK FolEx 7= X
LHIRE S E A S ETEENR I LDO—oTH S, ZOMIAEZHNE LT, A —o Sk T
OEIE, ThETHLESD SHFEMETRL & SIKIC L 2 BEBRO >0 hEicLvith
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A—o 5O/ B FERITIE, 4 — o7 0ORRVICER, #HTH 5 630.0nm 3, 557.7
nm ¥, 427.8nm XU EDA — o FHAEEAUL O, BTITEFOTRLF— 27 b L%EH
ET B HEMBEEI N TV A, REEs and LUCKEY (1974) 13, (AR ROEE 707 7 14 L
DB L ISR D EAFIALT, BRlshA —oSEROBERLSBIRT7 5
7 ZADEM I A LF—AF, XoICIBBI I LF - LEREOBNRENAS LI X LF -7
557 AERDDLFEERBLI., HOOB TR O X VE — OHEEREICIE 630.0nm
(OD) EsBEAH VSN TWS, LA L 630.0nm (OI) BEHIBERONTH 5715, EBHE
NEL, A—o5OHWE LISHIGETE R WY, BLWEIXAMHES +— o 5 ORI I3E
ERWEWHREMNH B, T4, 844.6nm (OI) HIZ OB FEET L DEEHEEICL > TH
EINZHFBEEHRONTHY (HECHT et al., 1985), STRICKLAND et al. (1989) T & % & 844.6
nm & 427.8nm EOBRELIIE TR 75 v 7 RORBHIB L RV F—1TKET H T &H
WESINTWVWE, F/, CNFETRTEFOIRXLF-DOHEFEICEHIN TV 427.8nm
FACBIL TH, WERAK WD, MEOHOA -0 587 4 b A -y ORFOELICH 5 L,
HELDEDSHEFICA D, AT OBBREEN EXN- TLESEAMNE A EMRENTVLS
(ONo, 1993). ZD i, N, D 670.5nm EEEE bRV, BEDEDOLB D IINE L, B2
WA —o S LT, ERNMEL S A — o SERBENSIETE S LBbh 5. F1,
670.5nm St I3E FOBRMEEIC L 2 HBERONTHY, BITEF75 97 202 %0
F—755 7 Z0#fEITHEL TS BN S, OnNo (1993) (3 844.6nm ¢, 670.5nm K%
HBWT I L4077y 7THOHABEZ0HMLUVWA—o S LTh, BELIEINETFOT
FNUNF—NS A -2 RDLHEERBL TS, TS50 > O (844.6 nm (OI),
670.5nm (N,1PG)) IC L BERITIE, *— o 7 OfMH WS, duEhx SHEE s FE
7757 AD L 2 IVF — DOFVELISR], ZERIDEREL XU 2 S & psnaffE i - T L
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5.

—%, ML &SI L 54— o SBRTEFOEEBRND S, MWRENEIC X - Tk
SN TICE->TRIEINIEEZONTVEF 4 X7 )~ bt —05EZ0EFED L%
T3, IRWITRRENE (V) LBRTEFORIFALVF -7 597 X (Ew), 759272 (J)
DI 13 ohmic BRSO > TV B T & (Eg<VJ) DEEEN TV S (LYONS et al.,
1979; SHIOKAWA et al., 1990). T D& XD E=K-V? DHPFITERK |2 L-E-L T T h 5.
CNOSOBAKERIR, A -0 5B FDIRNF -5 % — 95 oK E-EHEHEEIER D
BRHEZH O TS0 AZ R L T 0, FHEN B DTH B, T D ohmic XK,
FRIDMAN and LEMAIRE (1980) T & - THHTHNIC bE b N7z, o IEEEOEHRL b &
i, 75 X2yt CEEBOMICINHIRENENSFAT 5L E, BHSIEAROL T %
W¥E—=T7 59 IR 75y 7 AEEMELHOTERE L., TO/RER, 1<eV/EK500 D)
BT FETFDOLRNVF -5 %X —F DRIT Eg< V2, Vo<J &5 ohmic 78 BIRASER Y LD
TEMNRINTVWAS, T, COBLELIYZ29 b 375 RA=Yy—bMIBIFEEBEFOK
EE, BEICBFRTIBTHD L ERINT..

oA —osBALOHEESNIBTETFOLRNVF— 52 —s2HOTAH—0 5
HEHEAHEE T 2341213, CHRISTENSEN et al. (1987) i & 3 630.0nm Y, 427.8nm % H
WiBlhd b, COHEIRFEBAEHVELDOTH B4, F0O#ERIZ, KNIGHT (1973)
DIREIREBLNEDEET 5 L EO—KTOEFR» OBINIBFEFO X VT3
A= OFRELIS—HT B EMPRENTVS.

MU & SR & 2B MR T OEEERRITE, RN BRSMEsTAE IR
o, KFOMEMEEE A — o5 oER, TEEL2CIFIGMIF SN TV L, FRANK
and ACKERSON (1971) i & 2RIV, inverted-V BRIDBEFOME Fic¥4 2 HEHMIC X 5
HEIHELITON TS, O inverted-V #iE DOIEIZ 100km IEETH 0, KFEBAITHRS
NB7— 7D T 1005 100 5KEV T EDBIER/RIN TV S (SwiFT, 1981). £ 1,
ML & MR X PEROFRFORA L LT, REDEEZNBETERWI E, 5 1 RAILBY
ZYHBOBMEAZBRAI TXBL I LBEMERFIN TV S, oy, Hi EEFERI
£ 5T, GOIRERINRETA — a0 SRFONERLIAF 37 2L LXBMBENELT
W3,

AR T I3 ZERIAREED L VR KTEA R Z W 7 4 b X —F ZH W icA —o 5D
FEEEIAIE », 844.6nm (OI), ATFIC 670.5nm (N,1PG) ¥BfEsEE £ W - FAETEL S
BREFOIANF— "5 x—g 2B LI, TOTRLF—-15 42— 5DOE({LDORFHE
A —05OEEAMESEUNS, - SBRTEFOME 7 =X b &2 DOERBILL
D, WICHBIFIERBIC S LT ORI 21T - 12,
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2. F %
2.1, BAOME
1990 fEic, MEfOEHIcB VW T, 2KH £ 5, SIT-TV A 45, CCD-TV h A 5, 2%+ =
VI 7 x A=Y, BEESAMT A b A—Y, BEETr A, RUET7 7T ) —Xo—
Ko 75 —A4x— % — (FPDIS) 5 EAH Wi 4 — o SERIMBITHb iz (ONo, 1993). At
TR, ZORTHRHICEZWET+ b2 =9, RUESIT-TVAASOF— 9 2FRALT, BT
BFOIRNF— 5 2 =5 A — o5 OEEICEET 2T 217 - 7-.

22. 71 bX—%98A

ZiE7 + b A —ZiIc X BERITIE, 427.8nm (N,"ING), 557.7nm (OI), 630.0nm (OI),
646.9nm (N,1PG), 670.5nm (N,1PG), 844.6nm (OI) D 6 HEIZHT 54 — 0 7 @A HE
—DNFZRTENEINI, KFRIE, BB 1° 285, Ono (1993; £ D ok LckEE
Max b ->Tllbtantk, £k, F—RBF 1+ YV sNML I =5k, 10Hz, 5\ i3 20Hz
EVHHBIEWY Y 7Y v SIS TRERE NS, BEOHMLULA—DSIZOVTH, T
NE TITRBOVEWER, ERSRETRDEZITS & TE A &/, BlllicsWTid, +—
o SETFREIFIH->-THTFLAENORK[ERESE R D, +—oSERlicBT 5%
FRIFBKKIEAECENT S0, BRSO RA, (R (—47.5°,64.5%) Aick@E s h
Fo. 74 A =5 ORENREEIE 3FTE KR OEENRR, K OERREREFRIH L TT
b, HEMICE VT, BEELEE OEEIEESE Sh T 2#RT O 2 IKIEHEK
BARAWT, BRERESTONI (ONO, 1993).

AFRETREHE7 + P A =52V THONL 6 HRICBT 54 — o 5 EEEEE OB
7=y OHTd, K< 844.6nm ¥ (BRFEF IR, KT 670.5nm ¢ (BFHRK3FEH) O+ —
o SHEERR, EEEAVT, BTETOIRVF -5 2 -y 2HEEST 2 HESRAS N,
844.6 nm FIIBEFE D 3Ip’P—>35S° OFREFHICL - TRAT 2 RAHBONKTH 5.
F—0 5 DNORERVKEEREFHEHELE LTI, 557.7nm %, 630.0nm b0, Ihoid
ARBRONTH 5 C &, WTICHBELEKRABN Eh o2 O EBRITHIES QTS
fo. LipL, SOOI =X apPEBETHY, RHHEHRON.TH L1, 5577
nm XT3 0.94 ¥ (ONO and HIRASAWA, 1992), 630.0nm £ T3 147 ¥ (LINK and COGGER,
1988) L EMEFEA R V. CORDMEHOHEEICL D, A — o5 OMMLEE, EVWELE
RADIENTERLVWEVSREMNH B, —F, SEEENTICHV S 7z 844.6nm K3 F 784
P BRRE T LB F L OERERTH D, B h =X apBiTHI EVD, F—%
RN EEN A & 5> T\ 5 (HECHT et al., 1985), £ 72, FABBONXTHB D, 4 —
oS HPOHEVELICHINETE S, A—o 7 DRENERD A 4 VHEHTH 5 427.8nm
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KB FEFOLIANF -7 59 7 ZOHEEICLILHVOLNT VA, BESEVD,
RLEICEIREEZI L, FFCHIVA—aSH 7+ b A -9 ORELE L ICHIET 3
&, Ao OHENBHREFICASZ T ENH B (ONo, 1993). ZHICLENT, EHEHFO
B, —~A’Y, BB OHGtE NS 670.5nm R IZENEL, LA —o 5 THHEDE
EEHFOZITICHHTER L VA>TV 3,

23. EFIEHR

AR TRBIRID» SR oNcA — o ST L zoME]RE, EFVHREINET ST
EIIOBFEFOIRLF—NT A -9 A2 WET ZHEDBROOI., TOFETE, 28k
BOBRF— 2 2HVW30T, MBI ILEF— NS4 —y N DESNEEICES, T
CTRIFANVF-NFTA =5 ELTEHT RNVF— (E,), WHFRKR2IRZLFEF—-T75 97 R
(Eo) kot FLRCHVONZIALF-NSXA -5 ELTH TSI ZXbDH3
s, Chid, BohtRIxNF—7F5 0 7 22 PHz 2 AF-THHBZI EICkDkdoh
7.

EFNGGEIIBVLWTIE, DEZ3FNVF—NIA -9 A5EHOETFET 75 v 7 REREL,
CDEFT Ty 7 ADBRKREBREL IERBOE NS 4 — o SEROMEL KDz, EF L
AEOFIEE LT, 9, EFLVARKUCHT 2R TEFORSEE VA, two-stream UL LLiE
WKk, K& omimE, JFMUEE (4 VLEmE, kR 228, BIFEFo
A — o FEHE R T ORISR EE T &R E DUGFHEBE RV TRD 5 FESE S
TW3,

AFETIE, KZKEFNVE LT MSIS-86 (HEDIN, 1987) 2\ /2. KQEFLD/NF £ —
13199049 H 23 H2100UT D b D EHR L1z, KK €7 V0, WFicEHigdns €
FUGBICHZ 2HBRIUTTEEZ L VWbDET S,

EEENEAT BEATOM FEFORRY bV ELTE, 929/, <97 29 25
%, MEELHNL OB MEI N TV S M (MCEWEN er al., 1981; MENG et al., 1978),
CITREH I R VE—E, (eV), A7 FIUIE/ €S A — 5 W (W=025E,, (eV)), £ %
W¥—=7 35y 7 R E, (erglem*ss:st) DH Y ZABIZ R PIVEREL, TOEET R LF—
E(eV) IZB 575 v 7 RDWEE I(E)-dE (ellcm®-sr-s) (3

I(E)-dE=A-(E/(z'"-E,,W))-exp(— (E—E,,)"/W*)-dE, 1)
(A=16.2415X 10" (eV/erg))
LRI 3,

B OEMER, MEEROBRARICIE, BaNkseral (1974) OULik, #EPERELNHEIE,

HAEELRE L SHIOKAWA (1990) DIREAMER & It
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ZOHITH 1 IT/Rd. B FTE O 2 vF¥ - (E) 2L ->TW05, £/, K1iid
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(c(670.5)) OB TE OV 2 V¥ —{KFEWMLAHITRLTH S, Ins50BFRERHV
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Fig. 1. A model calculation to obtain the intensity ratio of 844.6 nm to 670.5 nm

versus the average energy of downward Gaussian primary electrons. The
intensity ratio is indicated by the symbols (. The column emission rate
for unit energy flux of incoming electrons (1erglcm?-sr-s) is represented
by the symbols /\.

E,,=f,(I(844.6)/1(670.5)), ()
KEORDBOENE., TTT, filx) BEFLHEORREAEMT 52 &k,
logio(fi(x)) =3.136 —0.07581 X log,ox — 1.108 X (logux)? (E.,<200eV),
logo(fi(x)) =3.618 —1.68 X log;ox +0.4901 X (log;ox)> —0.4414 X (log,ox)’
(200eV<E, =1keV), )
logo(fi(x)) =3.611—1.588 Xlogyox +0.1276 X (log;ox)* (1keV<E,,),
DEIHickEn G, KIS, Bont Iz vFE-no, AFHETF7 I v 27 R 1 (erglem?-s)
H 120 D 670.5nm O FENHEE ¢(670.5) 13,

¢(670.5) =fy(Ea) C))
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K&->THEONE. CIThHE) BUTDOLS cEkENE, Thibb,
logo(f2(x)) =2.197—0.6771 Xlogox +0.2027 X (log;ox)* (E,<200eV),
logio(f>(x)) =1.234—0.192 X log;ox +0.2828 X (log;ox)*—0.04739 X (log,ox)’
(200eV<E, <1keV), ®)
logio(f2(x)) = —0.05915+ 1.105 X log,ox —0.148 X (log,ox)? (1keV<E,,),
c(670.5) TEIM & 1172 670.5nm TR 1(670.5) A& 5 &ic&k b, BIETOLI X LF -
75 9 7 A (E (erglcm®-srs)) 25K 51 5.
E..=1(670.5)/c(670.5) . (6)
Bl1iRENBL 51, 844.6nm Y& 670.5nm NHOBEH I3 FETOFEET 2 L¥— i
X BRI K EC, Fh, 670.5nm HEHOMEIIE FEFO L x v ¥ -~k
OV, W5 T, TS DA S 844.6nm S, W NIT 670.5 nm ¥R O HE O BRIE & H
WT, HEIKBETEFOPEIANVF -—RUFLIRVF—T7 597 AEKDBENTE
2LEZONB,

25. F—Y9 IR

FRATIC 13 1990 FEDIRFIEMIC B 2207 + b A — 5k B4 — o FRFEAF- s %
Huwrz, 74 b A—28IAIE3IH2SH~0 A 10HDS 5D 75 HTitbnt., TicAL
1A —asSDAXRYMNIPTFDEDICIATAA—OF, Nbe—FT4 v A4A—035, T
1279 THDOF4+ 22— A—o0SO3IERICHE LI, 94 7AA—0S5DA XY
P (3 630.0nm A3 10kR LB - o Fl2 AL, 6FIBERIsN. o sve—F 4 v
74 —os3Bls i 0Fohrs el L, TLA 2T v TOA XY MIEA—
o057 LA 7Ty 7B 427.8nm A 10kR DL EiICiE oA Xy b EL, THiE 32616 -
1z,

A TlE, UFDO=20hHETHSAKIELXER LA -0 SOBTE O R LF -
TA— I DEHEERL 1.

(1) SIT-TV # £ 5 DL KE(

SIT-TV 1 A 5L 52 RKEBRT— 7 EHVTA— o 5DEHE, EHOKTEEERL.
7 4 b A — 5 OFEEH (1°) FEKKEART, S 120km B8V TEE2.5km O & A
T ENTE S,

(2) WRIIFR

£H7 4 b A= OBRIS N, MEKRIEAMICET S 844.6nm S & 670.5nm SED
MEL, TS LEFLHELOARP OB SNBFEFORIXANVF-T Ty 7 R,
W xvE =, K75 v 7 ROKBEERTERTHS. ChEHWVT, HBHEMEE
BRI T L CEXRBETF 75 v 7 RADI X NVF =35 2 — 5 OMRE# A2 AL ENT
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5.
3) FPHzrVF—, R FVF—T 5 v R (EEy) HEAZR
B FETORE 2 v —, FlhicRz 32V F -7 59 7 22 ThEndce
D, HAMEICBVWTIANF -5 2 - 5D 1 PEEE T b LD TH S,
BIETRICEBIT 27— 5 O ERTEU LG, F0HE 2y T 5L, BRETOF
Bz — (E,), BIANF—T 5y 7 R (Ey) ORI,

En=a-E,/, (7
EVHBURMEE D VIO T EICE D, BRNE O R UVF -85 2 — 5 ORARIFHBEIZ RO
FrilL - THE ST ONA I EIL 5, COME y 3R 5 L5 ICE FEFO5E, O
WCTREDREA N =X LEBET LIS - TEHENERTHLEEI OGNS, LURT
i, St—F v I A—n5, F4R7) -t A -0 SEBLVTEHHRA T —LicBW0T
RN CFEIC K BT — 7 OEFENEITY, EUEREOMEE H S HBEERROM E ¥ 2K
7z,

&

3. f#pT A R

~

3. 94T AF—05

447 AA—0 53 FEAR< (630.0nm, 636.4nm H3F), N3kt (557.7nm) A5 E /¥
v MR, #IREE AR >4 — 0 5T, 630.0nm LD BEASFFITHRGE S A HE TS, a s
1704 -5 EEFEEN, TALF-—DEVBENLT 759 7 RICE - TRETEEEZ
51TV A (JONES, 1974). 1990 FEiC i3 6 PIOMENH AW TS H 18 HOHBIic> 1T
dts 2131990 45 A 18 Flic A o hufe, BRIREE A LS 630.0nm EDEV A —o 5D
1536:00~1539:00UT £ T®D SIT-TV # X I K28R F— 7 %2RT. 74 b A —5ickb
630.0nm o OBAKERIC X NE, N v FodulasIERIFERL ORISR IS D Wz 1537
15~1537:40 UT O[T 630.0nm 313 10kR LI &7 - TH D, 630.0nm OB IR I
MO EARBHELTVA, K31Ti3844.6nm O, 670.5nm D HEE L, N5 EH VL TE
Hanfcx 2 vF—335 2 — 5 OFRA LA RSN TV A, 1536:220UT LIH, 1537:40UT L4
BeicBid 2 2 VF -5 2 — 5 OABE, 844.6nm 3, 670.5nm N.DEICH SN 5510
RD/ A XL NVTOEHPHELTVWE LD EEbNS, M2iiRahbd kDT, 1537:17
UT 12 4 — o Z5E8EE O OERIREE O b s IfFIE IO G K TEA @l L 7z, 2o & &,
B MR 2 L F — 13 0.077keV E TRDT HDIL, 75 v 7 23K 4x10°
ellem’ sr-s EJEFICHEMT 5 C EMBKIBITRESNTVE, /-T, 14 7A+—05TRIK
IANLNF—RFDORKBOBOAAICLEI DRI RANF -7 5 o 7 ZDEINABI > TVWEI &
MWEZOND, K4lot+—o5h5@i L1 1536:40~1538:40UT & TOME FEF D T %
WF——=RIRXNF -7 5y 7 AMHEER (EyEqfEZR) 287, £—0 350l T
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all sky image
typeA aurora 1990518 o

1536:00 (UT) 1537:17 (UT) 15639:00 (UT)

2 947 AF—-05DSIT-TV # £ 5k 54K
Fig. 2. An image of a type A aurora taken by the SIT-TV camera, 1536-1539
UT on May 18, 1990 at Syowa Station. The symbol “-” stands for
magnetic zenith of Syowa Station. lIts size can be considered to be the
photometer’s approximate field of view.

TEBFOVPEHI A LF-E@OLEDS, 2 XVF—T 59 7 2ADBEMT L1080, F—%
BHBEERICBVT, HOBEERLTVL S,

32. NIE—=F4 v TF—D05

X524 f 26 H 0101~0102UT £ T®D SIT-TV /1 4 SIC L 22 KEHRTH 5. HEFEM
DEKAEH > T, 557.7nm HIEH 20kR ZHTHEHICHEOBV L E—F 4 v/ 4D
SHBIAIS L. D& XD 844.6nm K, 670.5nm HOME, THAFE T X — 5 DR
ZAt%IX 6 127559, pulsation @ [on |, [off [1ZXHLLicA — o SH@BE, T RALF—/v5 4 —
Y OMEAHEHONS, on DEFICEE I 2 LF¥—, 75 v 7 2 & SICHMNT 2,
MCEWEN et al. (1981) 5D v 5 P RBROKERE-HTB6DTH 5. L, flio5plc
DSWTHNRIE T A, I 2L F — DEEKET pulsation D on, off & L { XL TWW 145, K
75y 7 AUTOVTIE on, off ITPED ZALABIETHO LD b -7 F72, on BFITHK 7
5y 2 AL TEEDEH-1h QFD, THIE 7+ bx—FICBITAMIEERDOA 7+
PoEOTNBEELTWE DN S, K6I1tBW T on ROV T XL F — 13 1~6
keV & B W OIZR L, 87 5 v 7 213 2~8ellem®sr's L KD F 4 27 ) — b+ —1o
FIHATLBLIE-TVS, 2O, 426 HO Ve —F 4 v /4 —0 5 TRERET %
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calculation (see Fig. 1).

1990.5.18
( 1536:40 - 1538:00 (UT))
100.0: ]j !Ill!ll T T I]lil” | T IT‘IIT;
g 10.0 "':_‘
& - 3
® I 3
3 = :
1.0 i ‘jj-g
§ F T :
@ C . B
C ] E4 94T AF—0I0 EE, HEER
r ‘ .| Fig. 4. A scatter plot of average energy versus total
0.1001. L lllli(l)ll i HL;IIO L HU;E).O energy flux (E,—E. scatter plot) for a type A

Eav  (keV) aurora. This data set shows negative slope.



MU BN X AR FE T 2oV ¥ — vk & T~ O ILH

all sky image

pulsating aurora

0101 :51 (UT)

= s

Fig. 5. SIT-TV images of a pulsating aurora which appeared on April 26, 1990,

off

0101 :585 (UT)
WE—F 4 v A —a 5D SIT-TV # £ 51k 322K EE

0101:51-0101:55 UT.

N

1990.4.26 & -+ w

S

215

uT)

—
o
o

Etot (erg/cmi.sr.s)

F Etot

1.0 i i

1990.4.26 (0101:00 - 0102:00 (

100 [ fav !

Eav (kev)

-
leNe)
o

N (el/cm?sr.s)

—
(=]
®

100 F 844.6nm(N)

844 .6nm(N)
(kR)

0102:00

Beée ~nve—54v74— 1.0 . 1
BIDA—u IHERE 100} 670.5nm ' ‘ ]
B, RUBTETO g i
ANF—NFA—FD F o | ]
RRYIER Q= MWW
Fig. 6. Temporal variations © :
of auroral emission inten- 10 100 010120 010140
sities and derived energy TIME (UT)

parameters.



216 U E e NEFEE R WA

1990.4.26
(0101:00 - 0102:00 (UT))
100.0 [~ T T T T T
2 | BT =7 I d =050 EEy kY
E Fov. O, +HidEhZh on, off FDE%E R
% ool | ¥, B ROME EEELE D 137 &
£ 100 . et e g
F hﬂbﬂf..
8 i Fig. 7. E,—E.y relation plotted for a pulsating
= r aurora. The symbols [, + represent data
obtained during on and off pulsating periods,
respectively. The solid line shows the least
1.0 R R R square fit to this data set. The slope of the line
1.0 10.0 1000 () is 1.37.
Eav  (keV)

WE—=T 357 2T I~6erglem’ sres FBRETH S, K713 R NVF—,35 A — 45D on/off ¥
DD E,Eo FBEERTH 5. WHR 7 — Vic B B EEUED SR 7 FHBIR/R O =
3137 Tho-t. oFsEDEE, NVt —F 4 vt —0 5T, HEFZROMX DM
37082 5 LA DRI HLTWE, TDXHIT V-5 4 v 74 —o5THE, BFE
FDLRTZNF—T7 57 ADMEINCIE, 75927 2&0 s, SEHx xL¥— 0N X
ZEGMBRKREVT ENREIN S,

33. F4RIU—pFA—DOF

TITR, A—935 7477y THICRCAONIZBEDHE T 4 X7 ) — A —0 35
(+— 1o 5 OBEBFIC 427.8 nm SLIRE DR AKIED 10kR LIETH 726 D) i >V THNT.
o, WEDOHRWT 4 27 ) — b A —0FI5VWTR EvE HBEZRTEELEMAHN
BIENHEHL, $HbDE, £LDA— 05 ORKKIEOERICHL T, BMTFETOFY
IFNVF—, RIFANF—7F5 7 ZOHBEZRITEH R r —vicBO T2 ITEWVEX 27K
THRINH B EDBDh -1, TITRFIC, EyvEg HBEZERICBVWT, F— 9 hHEZ20
EfR Ficifdsc EEEEN S, IR TR, EyvEo BEERTHEEN 210, A —0 5
OF), FAETRIDBENE D TRV O>WTHRNR S,
3.3.1. E,~E, HBEZROMEH 2 13E W

X839 A 13 H 2301:40~2302:15UT £ T SIT-TV /1 A 51X 32 KB TH 5. Hph
HENCEVC I Z WF 4 227 ) — b 4 — o 5 BIEMEORSKIEE SIS Y - <@
WL, DL X 844.6nm Y, 670.5nm KOBELZNSAORHD LN R LF -85
A — & OIFEIELAK 9 1Rd. 7— 27 Ol (2302:04UT) iI2BWVWT, BFEFOES T
WE—, 75y AOMABEMLT, RT3 VF-7 59 7 ZOEEMNCFELTVWB T



M EOCFERNC K BB R xR0V F — i & MUEBRHEE ~ DIEH 217

all sky image N
E-J—W
Break Up 1990.9.13 S

2301:40 (UT) 2302:04 (UT) 2302:15(UT)

8 TLAI Ty THDFT 4 R7 ) —bA—035D SIT-TV # 2 52k B Kl
%

Fig. 8 Discrete auroral images taken by SIT-TV camera during auroral break
up on September 13, 1990, 2301:40-2302:15 UT.
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Fig. 11. The SIT-TV image of a westward traveling surge observed on April 20,

1990. This surge event included three stages of auroral activity. (1)
The first multiple arc’s crossing of the magnetic zenith of Syowa Station
(2026:56~2027:06 UT). (2) The magnetic zenith is covered with the
multiple arc (2027:07~2028:03 UT). (3) The pass of the center of the
surge poleward of the magnetic zenith (2028:04~2028:30 UT).
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all sky image
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Fig. 14. SIT-TV images for a westward traveling surge which appeared on
August 13, 1990, 2330-2331:30 UT.
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Fig. 15. E,—E,, scatter plot for a surge event which i
appeared on August 13, 1990. The measured slope L G
0.1 TR R Lol bl
v shows significantly lower value (y=1.05) than 0.1 1.0 10.0 100.0
other discrete auroral events. Eav  (keV)
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MBAZR /R D X DRI Q MR (1015 20), XU 3 BRI (7016 39))

- ;L _AEtot . ~L 1 Etot(i+ 1)_Em,(l')
7(0.15, 7) N ; AEav N ; Eav(l.'f_l)_Eav(l.) )

(19)

WV 3R 2 BRED5 513 20, 3 BEOE&E 30)
DRRANEREX 160, KMU@ITRT. FLD (1)-(3) OERIFICB VTS, 701529 T01s 39)
DVEFND DO R/RTEIME D 21SE B ARRHEBHFEL TBD, 012y -1 TOx %
WHE =5 X — 5 OEE)TIE ohmic BEHRARMEN TV S, TN L-E-L EBH—EEL A
158 BH W 2 & — LT U3 ohmic TERARMEK O 372D, L-E-L EROEH B EET IR
Bffil 2 7 — VT, TRIVF—s¥F A — 7T ohmic BEEFRMBENTTVWSDEEZ SNE. F
7o, EREM, 0.1 M ITEOMEDOFHDOESL 5D D HFIZ>WT & ohmic BRARAH ST
BOHDIDWTIE, 4 — v FEEEHG BRI QKR T B X 2 E OR824 5 Z &



X 16

Fig. 16.

S FRIANC & B0 FET 20 F —$5E & SEEHEHE T ~ DL H]
1990.4.20 (2026:40 - 2028:40 (UT))

5.0 @ Y(line,2s)

2 ; 5&
£ 200 k’\., A
= ﬂ ‘_[:- ] ;e
v '
‘]0 E o.:b 3;
50| @ v0.1s2s) .
g £,
290t . 4 4 I
& ARGy KK
f“~ .. ® }gs w
qof % 4 <114
50| (3 Y(0.1539)

Y (0.1s,3s)
(W)
o
T

wme

T T T

(erg/cm?sr.s)
]

(N )

LRARLL1

P LA

_Ldﬂ?“y | AR
<15 (4 L-E-L const.
2 10f -
; A
" Lame\
< 0.0 ,

100 @Etot ! ?

1.0 1 [ |
2026:40 2027:20 2028:00
TIME (UT)

1990 4 4 H 20 H 2026:40~2028:40 UT 2 13 % E,~E. fHE&E/KOMH =
O-®, L-E-L EH®, 22 xVF—-735 5 7 20DKRIIER 10Hz
F-sAFEHL, HBEZEROBEZICO>VTI, UFOLdic 3@EAERL
TW3, Eholfic, BEOU» SRDHEBEEROEXD (7 (line, 29))» 0.1
BILofEo 2B FHO, 3R EMH SR LHBMEROBEZ®
(To1s 259 Teons39) 2ART. OIEBVLT, LTFOBMECELWTRT — 24
T7AMA—SOBEEBE->TOHICHED ST, ohmic LR D T -
TWRWgAEHZ 5, Bl b, (1) 2027:23-2027:28 UT, (2) 2027:55-
2028:01 UT, (3) 2028:23-2028:27 UT.
Temporal variations of 7 evaluated by three methods (0—3), L-E-L
constant A, and total energy flux (B derived by using 10Hz data
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