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Arrival Direction Finding for Narrow-Band Auroral
Hiss at Syowa Station
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Abstract: From the direction finding (DF) observations based on the
measurement of wave arrival time differences among three spaced points around
Syowa Station (geomagnetic lat. —70.0°), the arrival direction of narrow-band
auroral hiss was examined. It is found that the ionospheric exit from which the
narrow-band auroral hiss comes out is usually located in the lower latitude side
than the position of quiet auroral arcs. These results demonstrate that the propa-
gation path of auroral hiss is deviated from the geomagnetic field lines along which
auroral particles precipitate. Therefore, it is concluded that the waves propagate
downwards to the ionosphere in a non-ducted mode. Comparing the location of
the ionospheric exit of auroral hiss with the ratio of 8 kHz hiss intensity at Syowa
to that at Mizuho, it is estimated that the loss rate of auroral hiss is, on the average,
2-3 dB/100 km with respect to the horizontal direction.

EiE: 1978 FEERMBMAMTEREINA 3 SMNEH I I A4 —RF e 2D
Bk A RERER1 D, BE, HMRKE LSRRI OREH I 200 km
DEDERTHRAT 24 -5 7 — 2712 bbb TRETIRIEA — 25 e A
(<20kHz) DFPRFEOLEEAEB L. BAEHTRAIAIRFRL— =T A
X, FRFNEEH OB AR 200 km DIBOBEHEB O EBTHZ %L, TOES
HORE X+ km DHTH B, FLEBRIA—= IEXFERKL D 300~500
km ERERCE TS Z L%, Zhb ORI, WHEA — = 5 e 223K
BIRNORENIESY 7 VER CBEBC THT 22 2 FRBLTW5,

A—rwZe AD0BEBEROOMNEL, M, ZF3EiTo 8kHz v ABE
e DHEN DL, -2 5 2NBHEERD» L EANERT 55, THRERE
TZT 5EERIH LKEESH iz LC 2~3dB/100km TH % L#fEEXIHh 5.

* A B A EIF FT. Research Institute of Atmospherics, Nagoya University, 13, Honohara
3-chome, Toyokawa 442.
** E 7 RHFZeHT. National Institute of Polar Research, 9-10, Kaga 1-chome, Itabashi-ku, Tokyo
173.



No. 74. 19823 WAFUEMZ 1513 2 BAHRA — = 5 & ARG OFK S EBNE R 11

L &%
B CEEshsd VLF $EREHDO S S, +—r 5 & IWHERSHA— 125 e ADE
B, Bk % BRBEMERGOMIPC NI 0EBE LB -Twb. F—r 7L ADRAE
BIT AU & LCOEMED S 1L, ThE COERBAEEIC ST 58NN 505
X ht- (NisHINO and TANAKA, 1969; TANAKA et al., 1970, 1976). *7-, +—r 5 b ATl
20024 FHHFEL, ThbOFEELA—r 5 OEHME L OBIR LN HET I
C&M - f@76, 1973). o X5 @i iz, +—r 5t ADFFI A% fE (Direction
Finding, DF) 3% & L3, ZToR4, EEREFERTL O X CEELEHRTH Y, 1978 4,
WA A R #9 20km BERC 3 S TH — v T e ADREKRKERIZELHE T % DF %A

il

W B ER X e (R - SER, 1981). & o DF kT, 3 AMOGEREERZE 4 — =

S e ADEHOMEAEAEET A LRI > TRDLN B ENTHS. VLF R EE
(17.8kHz) #%{5 L CHMAEIE LR, =0 DF v 25 412, AGHH 20-70 EE o
T A, AHALLH 10 EoPERFE LY, WROERAENELY AV DF
(TANAKA, 1972; Tsurupa and HavasHI, 1975) (2 @SS ERIEE A T RS2 7 - 7. ARFRHIZE
B DFic k2 BRIERD L, +—v 57 v—27 5 FRCFEET S impulsive 7oA H53K A
— e F e ADFKFENL, +— e FTEXFROPTHEBAL TS L -2 RmTRRAE
b7z (NISHINO et al., 1981).

R0 1978 48, Wi s % DF BJFERD 5 b, WAL LOFERIRT, i
HIFRIME DA~ 77 — 7L 70 S WA — = 7 e A (S20kHz) #&f%ic, %
3, AR DF BRIFER AR L, Shb OBAHROKA»OHHERA ~ 2 5 e 2DFkK
HimoisE»aad. e, BRIt (geomag. lat. —70.0°, long. 79.4%) & == 2 BRI ST
2% 270 km B 723123 (geomag. lat. —72.3°, long. 80.6°) & TR Z(E I i+
~ v 5t ADBERER L DF ¥~ % L OB# AN, FOREBEDST 5 ERIEY

HET 5.

2. ¥+ — o 5 e 2 DF Al B
WAy — = 7 b ARBREORME S A CHENRELREOT A — = 57~ 7122 b
Kbh TREMENRSZ LB, CDXdnt—r 5 2D DFBHERY, +—r 542K
H s LOWER, HIR0 8KHZ A — m 5 v ARREE L LT TIRT.



12 FEFIELE » HAPTA « SFIREFB (PR
2.1. July 30, 1978 (& 1)

F— v FIXBMEBOMERE RO KR ETHNEXZE 2 THEL, bTIPEXELEL
Th-> T, Z O/, BREBCIZBRAC, 2T EEMTIERLTH— 2 F e A58
Ehic, BB TREI A —r F e ADOFRFEIZ, 21 B 07 4 (UT) (K 1a H,
', subevent 1) TIXRIRS /T MDALIFA 45~55 F (K 1b 3, 1), 21 ¥ 12 4 (UT) (X la A,
5, subevent 2) TIX AHMH 40~70 ExRT (K 1bh, 2). F—r 7 e 2ADEHESZAD D
HX& 100km LRETSH L, #—r 5 e AXEMEM X 9 b2 FEH (K 1b A, M) ©
HEWCEEEBMLDET LA Lk h, ATREMOTITVBRMERI VI A—r T e ADHE
2 (K 1a). H1b ab#ba/icd i, A—r S ROBBEBEANIIA— = 7 REHE
BXybEREMNZE LT,

JULY 30,1978
(a)

E
138 2
! I 58 518 :S 1 170 1

i ]
173 o 173 km

1 1978 7 8 30 A 21-22 i (UT) 2B BIKEE, (@ BREE 23T 3EMOoA — =
S e A 8kHz g, (b) #—r» 3 v 2DFKHH

Fig. 1. Temporal evolution of observed results at 21-22 h UT, July 30, 1978. (a) Hiss
intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival direction
of auroral hiss at 5-8 kHz.
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Fig. 2. Temporal evolution of observed results ar 20-21  UT, July 5, 1978. (a) Hiss

intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival direction
of auroral hiss at 5-8 kHz. (c) All-sky photographs of aurora.
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Fig. 3. Temporal evolution of observed results at 19-20 h UT, September 3, 1978. (a)
Hiss intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival di-
rection of auroral hiss at 5-8 kHz.
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Fig. 4. The frequency-time spectra of auroral hiss observed at Syowa and Mizuho Stations
at 19-20 h UT, September 3, 1978.
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Fig. 5. Temporal evolution of observed results at 20-23 h UT, June 28, 1978. (a) Hiss
intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival direction
of auroral hiss at 5-8 kHz.
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Fig. 6. Histogram of the distance between the central position of the exit region of auroral
hiss and the location of auroras at the ionospheric height of 100 km.
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Fig. 7. Histogram of the exit region of auroral hiss. Solid lines show the histogram for the
central position of the exit region, and broken lines show the histogram containing the
spread of the exit region.
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Fig. 8. Histogram of the incidental spread of the exit region. A spot represents the average
value.
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Fig. 9. Relation between the position of the exit region of auroral hiss and the ratio (SY/
MI) of 8 kHz hiss intensity observed at Syowa to that at Mizuho. Horizontal bars
indicate the spread of the exit region, and each mark located at the center of the bars
indicates that the mark O represents the normal ratio, the mark A represents the ratio
for the saturation on 8 kHz intensity record at Syowa, and the mark ¥ for that at
Mizuho. A broken curve indicates the ratio of the transmitted wave emerging
towards Syowa to that towards Mizuho below the ionosphere, calculated from the
Jull wave method by using the lower ionospheric model (a) shownin Fig. 11. A solid
curve indicates the ratio of the total absorption at the angle of the transmitted wave
emission towards Syowa to that towards Mizuho, calculated from the WKB method
by using the lower ionospheric model (b) shown in Fig. 11.
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Fig. 10. Schematic diagram for the propagation paths from the lower ionospheric points to
Syowa and Mizuho Stations.
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Fig. 11. Electron density and collision frequency profile, (a) and (b), versus altitude used
for the numerical study of the VLF wave propagation in the lower ionosphere. The
broken curve (c) indicates the average electron density profile in the case when weak
aurora appears.
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Fig. 12. Schematic diagram for the propagation of the narrow-band auroral hiss observed

at Syowa Station.
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