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Results of preliminary observations by Akebono (EXOS-D)
VLF instrument
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Toshimi Oxkapa, Kanji HayasHi, Akira Sawapa, Yoshihiko ITo, Eiichi KEnNai,

Yoji KisHi, and Yoshiya KAasaHARA

Abstract: The VLF wave instruments on board Akebono (EXOS-D)
were designed to investigate the propagation characteristics of ground-
based VLF transmitter signals in the magnetosphere, the wave phe-
nomena closely associated with energetic particle precipitation in the
auroral zone, and the physics of wave-wave and wave-particle interaction
phenomena. In order to investigate these features, it is important to
measure the absolute electric and magnetic field intensities of the wave
phenomena of interest in addition to the dynamic spectra. It is also
essential to be able to determine the normal direction of the wave and the
direction of the Poynting vectors for the phenomena.

The VLF instruments cover a frequency range from a few Hz to 17.8
kHz for electric and magnetic field components and are composed of the
following subsystems: a wide band analyzer (WBA), mult-channel

analyzers (MCA) Poynting flux analyzers (PFX), ELF frequency analyzers,
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and a vector impedance probe (VIP).

The present report describes the characteristics of each subsystem
briefly and introduces some preliminary results of the observations, such
as an example of the wave normal direction of whistlers determined by
PFX, a triggered emission generated from the Australian Omega signal,
ion cyclotron emissions observed around the magnetic equatorial plane,

and a typical vector impedance of the wire ahtenna.
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Akebono VLF—WBA
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Akebono (EXOS—D) Orbit

(in dipolar geomagnetic coordinate)

(N A

E T 1717

GM—Long. (deg.)
F=ALFIT - ARTEEORBEINT RHOME

Akebono VLF—-WBA

89.04.05 0739:30 UT

60 -rt
-
— —bd
o 30 ki
5] [
A L
-rt
5 o
[~ SRR ™ ' WA S
LR L
=0 T
IRRERR
_60 T
AUS
1_|
-go L1
-180 -90

o

(@]

Frequency (kHz)

L T T T P PR RN Lt

| LA L A L I A R B BN |
2 3 4 5 6 7 8 9
Time (sec)

FATEENPLDOIM)H—FLI» T a O

This document is provided by JAXA.



68 F o B A 28 W e 2%

RAPLOEL LTHER»O OEMBFENUNETESL. A—-XA S TOFAFEFT%
KSC T7— % BUS L -5 EMBF I 0.5~0.7s B2ET, LA LA U FIZE - TKRD
LN HIEHEEFH & B —3 T 5.

—HH4IBZF L A=A PSS U THLDFATESITEINTVSARY ML (1989
¢4H55mw:muﬂ~ﬁ%5ﬁ,ﬁu:@%%u%%ﬁjoz1L%,ﬁ;wu%~
kHz DESSHER T FFICET) COMHEFRIZL DB R LEBEREHE LTS
BIT, PIF—FLI v gy EdHENTWVES., THOIIFICEAL DN ED—D2TH
5. VLF OB E -7:3 A5 ALK, KEEEIEAFEFEIC LN S/220h, ZOHE
B4y, 3A10AH, 11H, 21H, 27H, 4AS5HE 1 » ADMIZESEHS RodoTwW
. IhbHid, KE3IAOKBIEBORFEWIMNAE ) BAENOE -2 DH Ei3—F L7z WDs,
IhiE, FELYDEXOSBIZE B4 TMERD M) A~ FRETOBHEE,»SE LN
TWhilhaw, THHLLBRIEHEY — 7 BEOILBNE» BRI SA Leod VW dEmn & —3
LTW5b.

3. 2 MCA (RIVFF¥RILTFS5M4Y)

MCA TIXER, BLUBMAZFNEFN16F v > 2 VT, RuEEIL 1 B4, THHEIZ0.58
BIZPCM T L A= TELNTL A, 85 TMCA OF— %13 VLF EDOLKIE R 5D
WWEMTHD. MS5EZFDTF—5D—BITHAHH, 16 HOREEITIL L TEIEDE 4
WHOBRRBEIZOWTHEDESR LTI (ETHE~ » v 7 TbhTuwa, [Mhpki,
— MK, “HREEhFREE Lo TO Ny, A ARUOBEOY AL z0 o VR

Akebono VLF-MCA PA 890311-02

(HZ)‘ | | ‘ mV,/m
10k Pk i e — ;
1k
100
10
10k
1k
100
10
UT 0600 0610 0620 0630 0640 0650
ALT(km) 8126 6979 5605 4035 2371 910
MLT 19.2 19.2 19.3 19.4 19.9 5.8
MLAT 5.8 16.1 28.8 45 .2 87.8 77.8

X5 MCAICLAER, BAEFTDOANRT MILDOF)

This document is provided by JAXA.



=1

19904 1 A FHBWNRE S 69

BThHY), ERIETOT5 AEBEEI YA 70 ba VEABERL Y HoREVE VI M
% L7254 0 LHR BB e 0DTHA, ZOB)IE 1989 4£ 3 A 11 A2 Prince Albert
TELNZLDT, 0639 UT IZidA4 — O FHHBHFAD funnel ¥ 1 7OFA -0 T AL Iy
YarvHBHEIhTWE, IoBEOTON Y, AN LABEOY A 70 by EEEUT
NDLIva FIOFEBTLIELITBRASINSGS, BREBATHEVE RL ->Tn5.

3. 3 PFX (HEMEE~N7 MVERAER)

BR2MDEMA ST EMET A PFX EE L Y EHZH7 PAudsRdoh, u—7
VOBTHEESHFHELNIEL, BRRIKSLVEROZEY 1RGO KDEI LD TES
DT, RAVFT 47X 7 M LEEATE 5.

T2 VA E RO DL L TCRIBRIEDOERAN 7 MV ORKEE ICEE
THhHIEXFMA LTS, PFX DFEEBIZa~ Y FIZLXWEZEICHTESL 100Hz 75

24 Mar. 1989 10:53:17 UT

[T R
AN B .
IR SR
U
S
3

10

Frequency(kHz)

y B
U (b)
11
I 1
180

o
po

00 1 1 1 L é s 1 1 1 1‘0 1 i L il t (C)

x1/320sec

M6 PFXIZXBKARAT—-DOHRITERLEERR~XZ ML

738

This document is provided by JAXA.



70 FHHEEHERS FreE E25F

12.75kHz DR TH T 50 Hz DEBIEDOHIB TR T » 7HRICKREIT A L TE 5.

6 a) ZEMNT PV HAERDIVKES v RT—DARY FVERL, b) 124t
PFX ¥ %% 6 kHz IZ[EE L7- & EOBR 2 sy, R 3 85 (G508 50 Hz) O isd
HERERL TS, F/2¢) B EROERIC L2 5 TRD O NERN 2 NV HRIOH
HESHEDOLTAELRT. BRORYE VHMOMT H% M5 2 L2 VERR2 M LM
MNAMLRD NS,

3. 4 ELF (ELF % O:;aBEA))
INETIDHBTROD o AERRS LBED—> L LT, BEAKBEOEE T TH
WENBELF LI v Yaryddhsb.
(71219894 5 A 27 BIZHIHIONRLER A S BEARBEICEE LT {BS0BITH
HHEx, sBx, sBy, sBz IxIET B4 DDt AT P UATRERT WS, 5C sBy, sBz

Akebono VLF — ELF KSC 890527-01

H
(8(2)) I | I L | | E(mV/m)
— — 10—2
60 — -
— I~ -3
Ey 40—+ | 10
20 - [Huo
0 F B 1078
80 | ! ! | I | I | |
B(pT)
=
= 10°
— Hio
— 1072
80 | i I ! | ! ! | |
SBZ B
UT 0340 0344 0348 0352 0356 0400
ALT 6119 5542 4932 4295 3636 2968
MLT 11.6 11.7 11.8 11.9 12.0 12.2
MLAT -31.8 -26.3 -20.2 -13.4 -5.7 3.0

X7 BEAFEFEBTHMSNAELFLI v 3 06 (F01)

This document is provided by JAXA.



19904£ 1 A FTHBAKEES 71

DAY PV EICE SN 32, 64 Hz DfESIZBDR (X7 AEY)) Ik o TRELTH
Thb. K 22Hz 0O 4% 43 Hz $ THEBHICEALT A2MABEMLEDOANT VLD
A4 roru s EAERTHY, A7 He 5% 11 Hz $ TORIZEEIA 0170

Fo Y EEEYTRT. RSB LMIIAY T AOY A 70 b s FEROALE, Tt
OHA OOy EEREYEADTICERBARS®ICIALNDHEVI I v ¥ a YH'R
LMD, TOEIRTERNY, NIV AL A CORFICLIWEETELAF A7 b
EF—FThH, MAEFREOHHOSHHEETLHR KFF LD ELEILNA.

R L CHEICEEAA VT4, BBEA A OF A 70 bu Y HRBO LMD
ANYY AL F L OFA 70 O VEHEBO LB ERBHICTI v Y 3 V0B ABINSHER O
SNTBIKSIIZFOBTHY, HICERESIE ZEEEDLTI vy v a YHRONA.
CNORETDLDEFLADZALTTELDDEEZLI LN TESL. BBIDE-F
DFABHEIIIEVIRED A 4 ¥ OFEDSLETH H75, RV LFEEOR BN L
fibh Tz,

Akebono VLF — ELF KSC 890714-03

(Hz) 1 E(mV/m)

80

60

Ey 40 —

T T T 1T 1T 7177

80 1 L I L ! L L L

-4 —

sBy 404 P - , B
= N I — T

UT 1030 1034 1038 1042 1046 1050
ALT 2115 2769 3435 4095 4737 5352
MLT 18.1 18.3 18.5 18.7 18.9 19.0
MLAT 21.9 11.6 2.6 -5.3 -12.2 -18.4

M8 REFEEACHMNINSELFLI vy arnfl (£02)

This document is provided by JAXA.



72 FTHMENE®RE fE EBY

3. 5 VIP (X7 bIVLLE—42 ZBIE)

7T AR OBEMRBE O MEIIIFIZTIAY—T v FFDA ¥ —F U 25 5B
EHVRLETHY), HINIOHRETIRT v 7 FICEBREH»S RF OBHEFEAL, TUT >
THIOEE, THIPST7 v FF A v E—F U 22 KDALIHIIIL TS, FOTa v 7Y
ZHIIIRY. Re BLVCs MUELLROONDT v FF D%l v ¥ -5 2 Thb.
VIP 7 — % O I L AU, & 4,000 km DLk Tl 8AIAYfE 13 Cs=250 pF, Rs=500 k€
ThbI ehbhorz. F/2f,=1/ (2aCsRs) =1,300 Hz LLT D JE i TI3IEHMHIC,
f, UEDOFBEBCIRBERMN L 2 5.

4. ¥ &

ARG BN/ L ) ICHIFIFDOIERH SN VLF OFRBRIRERGF 27 -5 %% - T
ETBY, SHBROT—IBITICLY, ZHOFLVHARIBOLNRL I LIZHETH Y,
VLF F= AL LTHREZFBI LW ETHD. 72724 07— 5 IZWBEICERT A2+
TEBELTUTOLEDD L LDONE L, AROBHIIZHBZ2H#T T HoEEICT D FET
H5. FHOWETE, WEHEENLEROBEIZLLEDTRDHLEIALEVORENTL
HTH5.

(b)
CJ‘D ?Rs —~Cs ==Ci
Rs {c)
AWV
hmE<> LﬁFJ e,
= ¢ T

K9 VIPIZXAT YT+ A4 ¥—%r 2ABEDNE
fiffi [=] ¥ 1X)

This document is provided by JAXA.



199041 A FTHEBEUNSEE 5 73

5. #

AEBRIDHFFOTOL 27 23T THABHEFR 2O E LT, 027 M
ATV54 A MNOKE, THEAHE, 7o0d22 by =708, 4, NEFHEBIE
B OB XUKBENGEE, BOICREEOH 4 IZED EIANKE N, FLEEEHIIOV
THERELBO L LT, Bk, 7Y A7 N—F, TAL Yy JIZBWTTbhTw
B, $INL0EMAICOWTIE, MNERERICE) LIAPKEVR. ThHDHFAILET
BRHEOELYRT 5.

KICERE S AT LDORRICENECDOAY v 7OTHNICA) L IHHPKREL, T
VLF #BIIHAEBROF 4 OBGW LB X Tl sz, F—F a4 VHO A MIHAE
RATHEIZ L > THREDLOMES NI, F72 VLF EE IO 5% 5 TH eI/
XLFBENE LR FNEL S h o705, BREBEOHLE I REBNIICTHHE %
RELENE LTHV:. ShOTNTHVLFEBELOREDTF— ¥ 2185 Z LIZHMKL
TEY, HHTOEBEBLHBLELBIIRE(RFETIHIRETHA.

%8B VLF ¥ — 7 OBIIZIEPWS 6B ONABTHEET -V BLY, BBREDD
I MGF OF — # IAFKTHY, ThoDF— 7 ORMIIF L THELERT S.

B#IC, Zo7avcs M, Col & L CEVBIHAFZEFTLI SMEIR, BREEKRE
ERPE RIS, TEKEREBREEMAE Y L ¥ —MARBR R EORHNE b/ TWDEI L%
HEE L THELERTS.

& XM

[1] EXOS-D FRRkis#E BM63E2 A FHEbt
(2] BRAIGIERS 2 ARAERHZME EXOS-D (M-3S11-4) A E#H T 2A Tk
[3] Kimura f, J. Geophys. Res. 88 (A1), 282-294, 1983.

This document is provided by JAXA.





