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Direction Finding of Auroral VLF Hiss in Auroral Zone

Masanori NisgiNo* and Takeo HIRASAWA**

Abstract: A newly developed direction finding (‘DF’) for auroral hiss
based on the measurement of time differences of wave arrival among three
spaced points was carried out around Syowa Station (geomag. lat. —70.4°),
Antarctica in 1978-1979. It has been found that the new DF can determine
localized exits of VLF auroral hiss with an accuracy of about 10°. A com-
parison of the DF results with the ground-based auroral data has shown
that impulsive type auroral hiss with a wide-band frequency range has not
emerged from the whole region of bright aurora but from some localized
regions of bright electron auroras at the ionospheric level, and that the
arrival directions of auroral hiss change rapidly in accordance with the
auroral movements.

BEE: A—r 70BN LDVCHEMEAZ > TZE 2R D VLF A 20EE (4 —
rSe ) OFKFEYMET D LI, 4—= tx@E%%“ﬁﬁ&%mL

F XA, [EWROMIFEAYITS L THETCHDL. EELELI, CROERRBTDOL G
B L 2R h, 34T e A0FERMFRE R SH L BEK S e 32 5% 8
PR L. 2 ORFREEEL, v 2 OUER, MEFREIC R ST E Y
ARETH H, T, FERIEMNEE LT, v AoMFE AT 20T VLFE
RECILGEXYERCTE, NWEDEHEXMEX®D 2 LT Al
AT ATEBRIEFAEAO 1 L, 2254 20km g&ht 20 THER X h,
2 %4 2GHz v s— 2% F—2) v LTHGTLDS, ZESHAC3IM
R E S OHEARBREELL, mEF— & TreyHiZ XD, VT A LA ATHT
IR, e AFRARSAEBICRDBNRD, & zmu}zﬁmfsmm LA —r T4
KEEE 2322 Lk b, e 20FRFEIL A — = T T OGENY 7
BEIL—HTAHIEITMD, SEDA— v T e 2O H TR 257,

1 i =
VLF i (1 SRR R % £ OTBMEIA TR L, EHER 48 L RisF KT 5.

* %5%’-)<'§_" ‘&PF7err. Research Institute of Atmospherics, Nagoya University, 13, Honohara
3-chome, Toyokawa 442.

** E 7 Bmusfpt4epr. National Institute of Polar Research, 9-10, Kaga I-chome, Itabashi-ku,
Tokyo 173.



16 VEEFIEDE « FRESS (R TTRE
W, FREAROBEH TZEINDBHBHIA ~— S e AL Eh%. 2Ot 2RDF|
kFHRD BEL e AD RAFIR 3L O EROTBHBEB LY FBNTH-DCEETHY,
TANAKA et al. (1976) 7% 1968 FERR @M THAE T o7, T HRT 12kHz fife =2
DEEA 3 RFO7I75 v vELV Y-V LGN TH5HRNTHS. £DOH MAKITA
(1979) ¥ Tsurubpa and Havasul (1975) 2B Li-FHR, THbbERA 3 K2 RE
HWE L THEOERF A RD B HRE AT 1976 ERMEHMTRALTo%. Thdbo
FHRZ, 1 ETOBBABHOOMBABHETH S, WEHELIREORE, AftA
CRFTH-DWENRLETHLEERD D, Fhe, e AR BE—RAERORFAZEHRTE
fFETnicde AL LN KT iy VLF FEBEOREIERBE L, Mk Ae~
A7 THMELHD. Lo TR LT — 2 0 BGEMCRIERD b, FOMRICAMEE
MHERSL., ChODORBEREZRRTHID, A—r 7 ADFRFRBIRER 3 HRFRIEEY
AL, Y27 ag&stL, 1978-1979 o 2 Fpichic b, BRMEBEAIC S\ TRARSE
BLlc. FRRICTIHRERZEES mElE (Direction Finding, DF) o 2 7 an#gk, #BHIk
B IO EOBRARE R oWTRET.

2. v 27 ARERK & E

2.1. #A—O0FEZXDOHEH
+—rSeAD DF v A5 a%HitT5 L hBRre 2AoMB»EHE T,
JUNE 26 1978 MIZUHO STATION’

FREQUENCY (kHz)

20:58UT 59
TIME
1 Z3i3¥H (Geomag. lat. —72.3°, long. 80.6°) THAIINI-A—r T L ADA

~7 b
Fig. 1. Dynamic spectrum of auroral hiss emissions observed at Mizuho Station,
Antarctica.
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Fig. 2. Coordinate system of the measurement of
direction of wave arrival.
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Fig. 4. DF system for auroral hiss based on the measurement of differences of arrival
time; configuration of the three spaced observing points (M, Sy and S;) and
the block diagram of the DF system.
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Fig. 5. Egquivalent electric circuit of antenna connection.
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Table 1. Characteristics of loop antenna for VLF auroral hiss emissions.
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Fig. 6. Circuit diagram of pre-amplifier for VLF auroral hiss measurement.
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Fig. 9. Loop antenna set up at the unmanned observing point (S:), Langhovde.
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Table 2. Performance of transmitter-receiver.
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fliz 7 = fF, Zhoof FICZEHA I, B ERL WITh RS - Kk
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HMLTHA. 231, S;—M oS0 I R /RS, ZEACBI LR LT

10 S 4 (7 vIRTF) Iz j’ad’érﬁf—ﬁé%ldz\?m7 T vT S
Fig. 10. Paraboloidal antenna set up at the unmanned observing point (S:), Langhovde.

11 S X (RPEKE) © VLF Bllllgss X OGRS
Fig. 11. Loop antenna and paraboloidal transmitting antenna set up at the unmanned
observing point (S3) on the ice slope of the Antarctic Continent.
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Fig. 12. Receiving site of the two telemeters of 2
GHz at Syowa Station.

ZE/INT, S;—M @EEETI1E, —58dBm, S,—M T3 —55dBm [t ich, SEEXD S/N
FFERFRE 69dB Ly 72dB 2187,
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Table 3. Characteristics of transmission lines from S: observing
point to Syowa Station.

X KEEXKLE S—ERRTEM

IH H fill i IT

(1) % 5 & 7 | 24.8dBm | 0.3W

(2) HherBse —124.4dB 20 km

(3) #M53ER AR —2.0dB 8D2W, Sm
—2.0dB 8D2W, 5m

(4) 22 b & F) 18 24.2dB 1.2m¢ <3545, FEIEY 7°
24.2dB

(5) EM#BKLE —80dB @)+ 3)+@

(6) BEZEED —35.2dB m L+ 6)

(7) ZEBHETED ! —94.7dBm | B=15MHz, NF=7.5dB

(8) C/N (ERAK S/N) 39.5dB 6) — (7

(9) S/N HEREK 32.6dB

(10) fEHERRB O MEfE S/N 72.1dB (8)+(9)
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Fig. 13. Battery box with an air-guided pipe at the

uumanned observing point (Sy).
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Fig. 14. Discharge characteristics of battery voltage.
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Fig. 15. Block diagrams of the hiss receiver and the correlator installed at Syowa Station.
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Fig. 16. Frequency response of receiver for VLF auroral hiss emissions.
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Fig. 17. Method of rejections of intense atmospherics.
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Table 4. Main performance of digital memory (DM303).

H H P K
e A B 8 bitx1024 v — F (FK)
i fE O RABAZEE Lps/7—F
L odR o o® T MOS STATIC RAM
& E +0.1~+50V
A How FwE o DC #4 DC~250kHz
AC #&A 4 Hz~250 kHz
A-D ZE # % 8 bit kK
b Y HLET (=), B (+) »boER
= A ZBaRh, 7 — FEuz » = VB L,
= H (PCD) ~100, —75, —50, —25, 0, +25,
| +50, +100, +200 % ©9 f@EIE
o Lo LM agmeie

£5 F—x7ntyy SMI330 OFEBHAE

Table 5. Main performance of data-processor (SM1330).

H B e e
Aol E R #4331 v 2 RAM
16 bitx 12k v — ¢
F— 2Buk 2 (35x5) BeRd Sps/7—F
ALER e FEBRAE EARBIRAEL
(2 RAFARTARBI)
ALFBRERE
(AR — FEZRI L)
256 v — ¥ ¥7 0.44 B (EHIfH)
512 7 —F % 0.83 B (ElfE)
1024 7 — %3 1.60 B (EAHHE)
T SCOPE 20pus/7 Fuv &
D-A 2 ++vi 1 71, 725 —4~4+4V
2 F+ xRN P1(71), Paz2); 0~ +5V
¥ OE 3%
PN 1/4096 (12 bit)

e DIA BHXhCTHASh?., 7rr ZHNTBERE o & 7, BIOZThETh
DHHBIE P1(71), Pote) D4 F » VXA THD, _VEHEIhD. DM305 » SMI330 pFE

HREERIBIVESTTFT.
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Fig. 18. Relation between delay-time and output voltage of data-processor (SM1330).
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SGEFINC X o THE CHMEHIFRHEBRETH S,

3. #® il =
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15 o v 2AZE#E NAA Hixs I NWC By h iz T M-S, & XU M-S; HOME
M & 5. BiE==, F ORERSY NAA JE (=295 %, i=90°) X" NWC§H (0=
86°, i=90°) LS I N B RERNCF L B L O5CEETS. e ADFEE A7 ¢+
i VLF-LF #r e+ 5. — A0t 8~10kHz (it G KRE > 0o b ADKREFFE
PECOT, BANLE & A EREGF (S~8kHz) Tf7 -7z, M-S, B FERE 19.2 km 2 /HY
T A OBRKEBERMEZ, 164 THBEDT, DFEHNL, e AEBE2y v 7Y v I/EE
Lps/ 7 — ¥, AN7T— 53 256 7 — FOFEFEMLAE TIT - 7.

AKX DF Y27 a3 EBRHTHL0EML, I RO ASSECHAEMAERS S & L FET
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a)

T T T T T I
22:20 UT 22:25

w0l JUNE 14, 8kHz
1978 /7

/1 s P ;
w10 11121 31415 6 3
KKKy
‘N/IT?IHJ

b}

2z

2

[

‘;’» 19 y—rSexAo (a) WE, (b) {E
g [r®(m 1B, (©) BKHE, 1978 4 6
5 A 4R

Fig. 19. Temporal evolution of observed
results at 22h UT, June 14, 1978 at
Syowa Station. (a) Intensity record
of 8 kHz auroral hiss. (b) Cross-
correlation values of Azps(rz) and
A1¢1(r1) for received hiss signals at
5-8kHz. (c) Estimated azimuthal
and incident angles. 1 to 6 represent

six sub-events.

HHENRDD. K 19 XEECBR LcHBREER O 1 flernd. EBRIXKERER 2, K
BRFERK 80ms DR/MEKRIETHRIB LA 8kHz 7 (FiiRig 230 Hz) v R 0@EEZLRKT
BB, CARFEFRRBELTORWERHIABEITERBRE X - TEHENC LR L, HLEBbEFEE
¥CHETTS. 22T 2.7. TRLAEXIREEN YV ARV ARRBERD MY U@y
W LT RVWEERC X A2 EBN HBEH N0 EROHEEY AR TH LN METH
5. 22 B520 SEMNS e ABEN LR T 21 on THEE Ady(ry), Ady(ry) DR/ L ARt
LT3 (AXEE D scale factor), ZDRFIAL I 3 SRITHEMEBE L hicz L%
FEBHLTWS. 2O LARHbORBERHET — 2 2fAa et > TEBLEIRARZRK 19 ©
BRTReRT. RI90RERBeRIhce ABEORF L RT IEL, 20 22085205~
25 RO e AEENE, R 6 KRR 2 L8 TES. 1~4 okE/ce AFKEHOH
T, BENRT » TRE EFT IR ONTCHRKFILESF M E FEFAD 2 20F HH HEE
EL e ADEBRL, F0#, SOAf ZRe AL, HWBEKIEHALD, RED 6 TXEA
HENBER Licz Ealbhb.
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4. WEAERE DL

K DF v A7 A0 PIERE T HBIEEC 817 5 BRI o 5 FE T 5. DM305
DG HERALZEEL lps THY, o5, A4HA 10 EL Lo, 3 7bbKREA
HEEdxERGE, 10 [0, ASARKECHYS T, L LEBRCE, eAE508E
WEBREOMBRMEFTCHEI L, TNOLOBMEITCEEHT. o, HEBREEOMER
EHERDDL EAERSAYBAL UL 1us o5 RETHDL. Thdx, & DF v =25
ADRIERE LR 20 123 L7 NAA 50 RIERRIDITS D X O OLEE D B HEE L.
A o L BERE O OO XOBES L, BEERAHEZRL, BEREL 3ps Lo
st ThEREECFEPRGROEYRT M2l ic/esd. AGHA 20 EEo MO WK T3
NTDOAHATH L 10 LT RAREEEL e b, APRMOFHRE L D RO FURTII -~
TOHMATR L 10 EO ARMIEE Lics. COBBERENE—TT D L FmMEE Tk L
7c& %, A DF B> A7 A CRZERREZ WL % NAA A A-CRHli Licb 0 TH 5.

aol
30—
52
20} .
& 20 NAA ¥ M-S Ho BRI L2 E D 10+
B ]
Fig. 20. Histogram of variance of delay-time o [
between Syowa Station (M) and S, observing 6 4 2 0 2 4 6
points for NAA wave. WIS DE ( ns)

B1 21 3 ps DlEHESTARGERS D TUE R
Fig. 21. Measuring accuracy of directions of arrival
for atime resolution of 3 ps. The azimuthal

angle 0 is measured anti-clockwise from the
X-axis and the incident angle i is repre-

sented as the radial distance.
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X 22 MEEGSR
Fig. 22. Coordinate system of the measurement of
arrival direction for the spherical waves.

L Le ADBEEERSO/E I 100~120km FETHYH, b ADAHAIVNIVLE
A3, BRSETCOEHITEROLEEBCHNTREE ablav. Licht - TEBEY
PEHREEE LTR RO LENRTTLS. 20%&0 DF BIEic ki) s FRrasEtsy Ry
5. X 22 OPUEEERCT ST, Bl di=d,=d, a=90° L+5. FKE S LZE
MM, S, S, o4 (x, y, 2) BETETERD LS TkS.

S (rsinicos@, rsinisinég, rcosi),
M ( 0o 0 , 0,
S: ( d 0 » 0),
S, (0 d , 0),
WS 2 A B E A E COEMIIKRIC IS,
SM=r,
SS,=(r*4+d*—2rd sin i cos §)*'? ,
SS,=(r’*+d®—2rdsin i sin §)'/% .
LT, M-S, 510 M-S, HOBIERH o1 & o BHUTREZLONRS.

Tl:%A{r_ (r*+d*—2rdsini cos 6)'%) 1

T

%{r— (r*+d*—2rdsini sin §)''%} . (2)

&, WHROEmER b L{EET S L, r=hseci & FRRATS &,

= }—{h sec i—(h* sec’ i+d®+2hd tan i cos )"/} (3)
c

To= —1—{11 sec i —(h®sec® i+d®+2hd tan i sin 6)'/?} (4)
c
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23 REFEOHEOLELMITE

Fig. 23. Errors in azimuthal angle for the spherical waves.

Lieh. coRpAvTRbHfrA L, FRET bbb rfed® L Lickiffs (tan =)
Lo#EFER d=20km & UTEFHF+T2EX 23 Lr. ZoXMG, i=30° THIIZ A

HAETE 0 EUANTH S, FHEHEOHATIL LA 318 OGMIETHRE 5 WEHEL &
by TELDE, #R, & DF v 257 ACIREOFRSG A0 AStHHAH 30 [EL ETH I
B E LUCHERMmE L LT HRAREERE 10 EThs Lifmsha.

5. F—o 35t 20RNHmOBARER

—fiz+—wr 5 e & (auroral hiss) X, F—ew SORNKERMUTREL, FoREiEk
i 10 5Ll A % s (Hirasawa and NAGATA, 1972; TANAKA et al., 1976) . KiiTCit
v ADFPRF Mot Flil 5 Bic ik e DF BlEER 6 flh, 55404 —» 5
LREBEIHBELTRT. F—v5, &F—r 5 AS0BEEMIEE 2.2, WEE L2 H
WTHB IR DR —RBITHS. FITreAD FuMolors, ok itFRodtr
GN (geomagnetic north) - . [AFMETIZ GN (IR 7edt (geographical north)
X O TERINFT 45 [T
(A) 20-21h UT, May 24, 1978 ([ 24)

X 24a i/ Mitkegi el Lzs SkHz JF (sl 230 Hz) o v A D8R8 &2 RT.
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MAY 24,1978
o —3OhiOm__20m _som _ 4om _ som_ (um)

24 +—=m exon (a) REE, (b) FEARE, 1978 £ 5 5§ 24 |

Fig. 24. Temporal evolution of observed results around 20-21h UT, May 24, 1978
at Syowa Station. (a) Intensity of 5 kHz auroral hiss. (b) Estimated azimuthal
and incident angles of arrivals of auroral hiss at 5-8 kHz. The numbers from
1 to 10 represent ten sub-events.

20h 10m %5 48m izl C, & 4« DFERElFI 1 5B © spike R #EEZE(L I HHEHY
CEllEh, ThbodEhahbes LTH 40 bl e ABRAEIIL->Tw5. 20
spike RDZE(D 1 D1 ONHERE o2 e ARROBEBLLEE LD L, FBRTRIND X
51 10 DS (sub-event) Xy &h 5. X 24b 12y, £ D44 D sub-event it L
THRDOIice ADFPRFABRK/RIN TS, ZOBERLLHAM IS Z E1X, &—rF
b AR RQI AT RHREE T B0 S 85 o spike Ry iEEMMA ORI LD, Thb
DO OFRF L sub-event & L i o I FFTHIEA T, Sub-event & L 0 F Sk D
BENCIY, ZofTiRcHNE L oiel, NERT, ¥R ZOMEYE 2T
Wh.

(B) 20-21h UT, September 9, 1978 (£ 25)

X 25 e xB&3, K24 (May 24, 1978) L[4, 20h 18m %5 21h 03m oy
45 Sldlicbicy, #mEZ{LiEE (8 kHz-band) 1z, spike Rk EE#E MM RN BRI S h
Twb. X 252 @i Lz 10 {§0 sub-event =} ioisE L-FIEHHAK 25b iz h
TWhB., COFTIL e ADFESA AL GSSW kot GNE nizig2 »Fhic/zE L, No.
1, 2,3 5 6 X0 9 sub-event |3 GENE {5, %7 No. 4, 7, 8 X0t 10 sub-
event |3 GSSW {HIRALHEFELTEX TV 5.
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No. 71. 1981] BRI 2 4 — v 5 v AR OFSEH A I
SEP. 9,1978
- 20h20m 40m 21h00m (uT)
1‘10 L d LI l LA LSS T ¥ T L] ¥ l Ll ¥ Ll j

K25 t—wFrAn (a) 58, (b) 3EHm, 19784 9 B 9 A
Fig. 25. Temporal evolution of observed results around 20-21h UT, September 9,
1978 at Syowa Station. (a) Intensity of 8 kHz auroral hiss. (b) Estimated azi-
muthal and incident angles of arrivals of auroral hiss at 5-8 kHz. The numbers

from 1 to 10 represent ten sub-events.

(C) 20-21h UT, July 5, 1978 (g 26)

[ 26a ¢.x, SkHz 310 8 kHz o¥EEZ(kicstic 20h S0m 2 b Febeiefliy 2 7 [

D AOFRIER IR b D. K26b iZjnEhiz 20h S1m 30s w3 o4~ A7

JULY 5,1978
w/HZ

10F 5 kHz

5- _—Na\

2k

1+

10} 8 kHz

5_

2}

b=
x10%_ ‘ Lo

20m50m  B5m WD) GE GE
20h51m30s
(a) (b) (c)
B2 —r7exn (a) i, (b) £R»»FFH, (¢) BkAE, 19FT5 N1
Fig. 26. Temporal evolution of observed results at 20-21h UT, July 5, 1978 at Syowa
Station. (a) Intensities of 5kHz and 8 kHz auroral hiss. (b) All-sky photo-
graph of aurora. (c¢) Estimated azimuthal and incident of arrivals of auroral

hiss at 5-8 kHz.
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A BEHR LY, Zoic quiet auroral arc 5 GS HZOHITPIR B FFFET 2 Z LA
%. [ 26c 121k, = sub-event FrfBFHINTH 10 BT Ll rdbhic e ADBRITA
BRI TVS. FTighb e A X ASA (incident angle) #y 30°~60°, GS J7Ea-HFkK
LTETWS. Lo, =0t Ao sub-event i3, GS Fjgo auroral arc L B3 LC
ERIhTwsEE2LbRS.

(D) 22-23h UT, July 4, 1978 (¥ 27)

X 27 iR H B o4 % 700nT (X 30 28) ok Z/x substorm o BGlDE
BRI hi - —A MR e ARZOFIRRT. ZOBRKEBTH, K27Taipmd &
s HxFybersf 30 B~1 SBED 4 50D spike ROBEELH EFANER X h Tu
5. ZD4D0D sub-event TR LTHRDOL NI ADOFRFHME XA LK 27b & ¢ D
~AANA BHEHEYHIET S Z LD, ROBRAEFENZEDLIS.

(1) LZflor—r2rAFEH (22h 47m 20s UT) ¢, 34\ auroral arc 33, GN 5[
DWFRE W HFEL, F0 arc 2> T GE » 5 GW FEnc#E s LT\ 5% 2 o0 folding
shape 72 GWNW & GENE & o 2 FiEicllE T\ 5. Zhi2iERHo e ARE

JULY 4,1978

a)

2240 22 4507
vagtl- t T T
8 kHz
5x -
2 -
}f‘o_wt;\/\———/\«/\/\}\(\(\
Wein 234
b}
aw
- B 27 H—r5exo (a) WE, (b) Ik
F, () AKH»x FEHE, 1978 4
GE 7H 4R
el oW . Fig. 27. Temporal evolution of observed

results at 22 h UT, July 4, 1978 at
Syowa Station. (a) Intensity of 8
kHz auroral hiss. (b) Estimated
azimuthal and incident angles of

X
S
‘,-.‘ Bosre

' ' arrivals of auroral hiss at 5-8 k Hz.
22h4?m203

(¢) All-sky photographs of aurora.
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(sub-event No. 1 X 0f 2) oFIkAL, K27b oL£fllicimIh, kb, oD
aurora arc o 2> folding shape % L £ 2 No. 1 sub-event T3 angle #j 70°,
GWNW FHap-b3k L, i, No. 2 sub-event TiX, ZDFKIjAA GNNE Jjiap~ &
LT %.

(2) 22h 48m 00s (UT) jz7c% & GNNE Jjgo folding auroral arc 232 @ icKIH
HENERRDIED D, ZORf, b ADEEIZ Y — 7i1z7g b, (No. 3 sub-event), FkJ5
1% GN JjaoXKIEM (incident angle % 40°) =, ->-3\.C GE JjjA» incident anlge
60° FijtEa L Ty 5 (No. 4 sub-event). ZDFIEITA —L A7 A EF (K 27c )
Mons X iz folding shape # §% 57 aurora OiEENK & X < —FK LT 5. KIEII S
¥ T aurora 2AA% 22h 49 m i EEER T EERC X 5 EE TN T e AR AT
AL, 22h S0m %@ &% Lt EToe AR5 H aurora 13- 0% L KELH GS
i~ & B » T, 724>t auroral breakup iz UE HTH%B.

(E) 19h UT, June 26, 1978 ([ 28)

T BB X 4 sxT aurora oo IRz, 20~40 o s kR o ¢ AR

JUNE 26.1978

a) 19:00 yt 19:10
14 o

1110 8kHz

5X /

it i \/\"\\/\-

b3 L Vo

WrdHz 2 s —

b}

GW
B4 28 H—r7exo (a) @MEE, (b) ! 2 F\
FEHEL, (©) XA ATE o 2 ﬂl‘
¥, 1978 £ 65 26 A 190 . \"’
(UT)
GE
| GW

Fig. 28. Temporal evolution of ob- o
served results at 19h UT,
June 26, 1978 at Svowa Sta-
tion. (a) Intensity of 8 kHz
hiss. (b) Estimated azimuthal
and incident angles of auroral
hiss at 5-8 kHz. (c) All-sky
photographs of aurora.

19h00mO00s 02mO00s 03m50s
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ZiEdhs., M2akpmd e ADBEBLREFENR O X SR THS. coREY, KiH
3L, 320 sub-event T4, HADBRROFKRF A EITRAREO A~V A S A BEH
F—2k k% aurora OFFREBE EEHE L THS. FTF L AREWRELOHERL DS
Lon, M27Tb © 3 SOMERERINTS X 513X T sub-event iz 5\ ~T, GW
BIV GN D200 H@MbERLTETC5S. —F, K28 0 3 o0F—-1AI4E
Hiz BT, Al £E:EE > Lz aurora 3%, 12T KRIC bl CHUMI R TV 5.
Aurora o JEEEILLEANTIIRERI L & B FFE - TRV 528, GW kXt GS HADHF
R Qi ITEWIILEE DR X ¥ -7 folding shape » 3% aurora 2338 b i
%5. Dkoev AnFRFHE aurora DIRFEVW-DOENS ZOBRROFTIE, b AX, GW
¥ X GS Hiic 757e+ % aurora fEH) K (folding auroras) B HEIZEIKT S D
tEzZbRS.

(F) 20-21h UT, June 26, 1978 (] 29)

X 29a oAb BkHz) 1z, # 10 SHOMERHAHE TS e ABRIPERLT
W5, ZOBRBIIK 30g wRrE¥h 5 X 5K & negative bay disturbance o FHEz BRI
Ihicdh DT, £ spike ROBEL(MNE 9 = sub-event 43t Sbhs. =D sub-
event Lz, Z£D e ADFEIFE aurora OHBLRI L AL L TR S &,

(1) X 29c wmInte 20h 57m 00s B A — L A BEC3, multiple band 7%
GW, diffused ray ' GN, % 7- homogeneous band aurora 3 GS FHEZHEIhTu
5. TOBHoe 20T kRAFEAE RS & (X 29, LB . 2% - No. 1 sub-event), F & L.
T, GW, XUV OGN FAMLERLT T3, bbb, ZOIEKHAE multiple
aurora » rayed aurora DOJEEK L —F L, GS Jmod homogeneous band aurora i >
E—FENZ SR,

(2) No. 2 sub-event |335fF 1x 107" W/m*Hz &3 28 2BE2THDH, =0
i1 GE HACH5. RO+ -1 A% BEE (9m00s) #%% L, o GE Hf
HiSEER b 2, 3 o folding shape o aurora 2GEF L TCL2008BDHLRD.

(3) 21h 00m 30s, 01m 40s, 03m 00s }:3X7* 05m 00s o 4 SoHfFH LA — 1
A 54 FET, W5\ band & aurora 73 21h 00m 30s g GS J [ D HFEE L CiEgfy
w7z b, folding shape % J¥p L@t RIE~ & GBI X IR 7221 GE FR~EFHL T
LONRBRAI T W%, o aurora OoFFHFIGL, e ADERFGmMEL GS (No. 3 & 5
sub-event) .5 GE (No. 7 sub-event) Fha & Ha# % %, aurora MNETLERYES L
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JUNE 26,1978

al 21:00 21:10 UT

29 4 —r T A (@) A, (b

AKTE, (€ &XH < IT% 20h57m00s
¥, 1978 4F 6 ] 26 [1 20-21 ‘

m: (UT)

Fig. 29. Temporal evolution of ob-
served results ar 20-21h UT,
June 26, 1978 ar Syowa Sta-
tion. (a) Intensity of 8kH:
auroral hiss. (b) Estimated
azimuthal and incident angles
of arrivalsof auroral hiss at
5-8 kHz. (c) All-sky photo-
graphs of aurora.

0 1s

5.7t -72 21h 05m 00s [Jik (No. 9 sub-event) =ix, v ADF[KFEL, HoEE -
PR R TIREETIN D 7 v X ACHR L TE TS,

(4) 21h 00m 30s 75 05m 00s ofF, diffuse rayed aurora 33 GW~GN~GE {f
BTHID XA 0L, R E s o T WS, ZOFERD aurora e ARG LTED,
sub-event Nos. 4, 6 151 '8 »x » X incident angle 5 60~70° % -7, GW~GN
~GE {» b L TET 0%,
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JUNE 14,1978 35, @ 23n oon o1h

MAY 24,1978, ®) 221 23n

———— 2 1h

SEPT. 9.1978
18h

JULY 5,1978 20h () 27b 22n

19h
500 nT

22h

(e}
= 23n ooh 01h

H-Component

JULY 4,1978

30 +— a5t DF 8o S 2
e

t . . .
L Fig. 30. Magnetic H-component variations

JUNE 26,1978

observed at Syowa Station before
and after the DF observations of
auroral hiss. Observation times of
DF are represented by horizontal
bars; (a) results of DF are illustrated
in Fig. 19, (b) Fig. 24, (¢) Fig. 25,
(d) Fig. 26, (e) Fig. 27, (f) Fig.
28, and (g) Fig. 29.

JUNE 26,1978

UE, (A~ (F) oF—r 5ihEEKEO e A0 DF SHAREROFFHIILUTO & & { EFS
3, A—r e ABGUIIEARRN I X REFERRIET 05 1 SRE O spike [¥yis iBEEH N
(sub-event) 2B D7, %o sub-event mFEh&bH¥ & LT, Bonb¥t+5 oHkER
fs e ABBEAHER LT\ 5. Sub-event T L OEFEOBIRITMILS B EHBCRHALINS.
ORI BIEBREIIEI VA — e SORKFIRCHIETD EWS X hixis LA, Fk
W —iR<, folding shape 7% /R L7e2AS BB & 2R3 HUEH 5 A BAI e iE& 2 L
7z rayed arc F7-i3, band b —F3n Z L&, F i MakiTa (1980) i3, A —r S
EAD 2O L+ — v T OZMPME L OBHEETFIRNC FBX, 8kHz (il RAGHE
% §§25 VLF b A XREREIRTRIR A4 — = ek d 5 & & 234 <, # kHz~¥+ kHz ¥ TR
WD AR P& D LF v AXKRIEA +45° QIS A —r JcIET 5 2 &R
B MmELTWS, K DF BAITEreRs R, MAKITA OB RE AW TRV —F
IR, I VBEOEGIIEREREAEORTVS, i, F—e S e AOFMENLOH
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o (localized exit) 238D X 5 Bk EBEA R TA— e S EXNIRT A, Fle, &A—rF
DEjZICE b7 e AD exit point OB &L, L IHFEMILERABEOR TV,

6. & it

HEESH D LT EROBMKE TRA L, EEEYEA L ECERTHA -2 s R
IR A ARBEONMRE TH L. Lo DF o 3 SEREHIEAEMAL, B
FRANkHiT DF 8l A7 A28 Lz, #+—» 5t 23 VLF-LF #7525 QEEFO
HERY b o 55T THH 2D, # 20km gEh o 3 B0 FPREFM ZD i 2 GHz
WOIRTE, B SN GO T v A — 2% HA L, HLOMAEMEEADEENSRDI.
:&DFVX?A?%N@%&VU:tX@ﬁ@%@L]U“WMﬂH@UMmeﬂE)
BETHY, BhELeSH VLF [FREHEEME X Y 2L HV2, HBEAEET X 5T
v ADHEEN AP LT A A D B, B A Az M-S, & M-S, © 2 RFEOHE
HBOBER T 4 Cx L 22 ) =L F — & 7 rt ., v CRIBAE L, WSSk
FEDEE T ERE 1 ps TS . RREMIEDBEMmo NAA Pk NWC ji4<z{z 1L ¢, DF
SAFADT VA=, =T AEZ LB GHEER A MIE L. VLF 2GR o GRS,
ZEEBRERBED b U F v S a3 SR E U CEENE T - 7.

4+ ~—wr 35 VLF v Afifio Lic2oh T, MRG0 AR O Sl v~ 23 B F
L, —OHFENLADFE » 25 A0fHHA T Lz, © 2D0RRET — 22 LEEE P %

JULY 4, 1978 SYOWA STATION

N
o

FREQ(kHz)
S

T

22:46 22:48UT
B 31 itz Aar—aesexna2s 1, 198 £ 7 B 4 |
Fig. 31. Dynamic spectrum of auroral hiss emissions observed at Syowa Station.
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KdBE, F—r s ARKTH~]1 FRECARMOAKCERFRAEL D, ZTOIEH
Bz, #BhExoBR VRIS Y L folding %713 rayed arc o4 — v 5 O FEIIZIFE
—FK L.

ETHT, M2TZRLikcA—e SICAMILTRE LA —r 5 e 2K 31 O AWK A
N7 PANECRT L OR, FoMER 10 BX ) L EVGRMTERTS. iRl l L
{, A=—r 5 e AREBN L EZERTZELLOBFELZTS. —F, HBEAETI, 2 /K
DHBIEELY T — 27 rty I L2 TfTocDT, SE54HMRECAB LI &K,
FORER, HEWEEHZE N E k., X5 e A0REOHEOHMEI, HHWVIXES
MEHEERBLTY, KDFUv AT AR —e S e AN L TR oRIEEEXE TS &
Ezbhb.

*—r 52D DF OEKBBEIEOEHBERROMBEYRMITHLTHD. LDk
DIITABHBON 22 D PIFEERCTHT, fcbzld x oAROKEH 412 Ss fmxk
LT ECT4 HBRIAITH L, M-S; HoOEOFIRIHEIRADZ LS E1LbI 3.

13=i{r—(72+d2+2"d sin i cos )%} , (5)
c

LT, 3 BoRMEE 0,6,n) L TR (1), 2) XU (5) D3 DDANRTES
DT, LADFEBROMENRED L Tinsd. LrL, Z04GBHIORBCIL, EEo
BELUVCHREREE, BCEERCLT, BAOZER 7 v -0 esRACEZEFETE?
IR RO KBERBRDEETH S,

it &t
AR ROEMHic->TiL, BRRBBORE, RERLE 19 KEEBRBRBKEE O/
B, BELR#ET 5.
AR LE 4« CEBRLRINZHN L BE Yy BV e Bz B Rk ERATR, A
BRFZEMEEHEER, KBRCHER, GETXER, HPRAPEE, FIIEL
B#ESZ, (Lo BRBECEMEECS LEL #@tilyH: LET 5.
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