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Occurrences of VLF Hiss and Saucer Emissions
in the Southern Polar Region

Takeo YosHINO*, Hirosh1 FUKUNISHI**, Natsuo SATO**,
Takayuki Ozak1* and Masayuki IwAsg*

Abstract: Satellite data acquisition facilities for ISIS-1 and 2 were built up
at Syowa Station in January 1976, and the VLF wideband and topside sounder data
have been received on the routine basis since April 1976  The occurrence regions
of VLF hiss and saucer emissions in the southern polar region were studied sta-
tistically by using the ISIS-1 VLF data of the 110 orbits and the ISIS-2 VLF data
of the 155 orbits which were received by the 17th and 18th Japanese Antarctic
Research Expedition wintering parties in 1976 and 1977 It 1s found that the hiss
emission region with the occurrence probability larger than 509 1s located at
75°-85° geomagnetic latitude in 10-14 MLT 1n the dayside and at 65°-80° geo-
magnetic latitude in 20-02 MLT 1n the night side, while the saucer emission region
with the occurrence probability larger than 309 1s located at 75°-85° in 10-18
MLT 1n the dayside and at 60°-70° in 18-02 MLT in the night side. It 1s sug-
gested that the hiss and saucer emission regions in the dayside are closely related
to field-aligned currents in the cusp region It 1s also found that the altitude of
the saucer emission region shows a clear seasonal variation, ¢ e., saucer emissions
are observed 1n the altitude range of 500-4000 km with a maximum occurrence at
2500-3000 km 1n the austral winter season (April-September), while they are ob-
served at the altitude higher than 3000 km 1n the summer season
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BITREL, 1976 E4 AL 0 hF 2«7 20 NI X ABHETEHBHEAGE ISIS-1 7,
2E5DTEEEB L o YA Ny v & — kX VLF K& (5 Hz-30 kHz) [4fD 5 v 4 b Y
—ZEREB L. FI1TR, 18 KREDOZE L1976 £ 5 A5 19784 1 A ¥ T?D VLF
F—2DHT, F-2OENR BHCHEBATES 57— 20LF 1 IKRIND L5,
ISIS-1 % 110 BAJ& %y, ISIS-2 25 155 #EnTHhH. i D VLF 57— 2% v, f ([

F 1 1976 4 5 A-1978 421 f i, IR TR AE I hic ISIS-1,
2 OB L
Table 1  Pass number of the ISIS-1 and 2 satellites whose VLF
data were received at Syowa Station in the period of
May 1976-January 1978.

Month ISIS-1 ISIS-2
1976 May 1
June 7 7
July 3 11
Aug 3 7
Sep. 3 21
Oct 1 3
Nov 5 19
Dec 12 18
1977 Jan 6
Feb 16 7
Mar 2 2
Apr 5 3
May 1 6
June 8 9
July 14 16
Aug 6 1
Sep. 2 6
Oct 3 6
Nov 2 3
Dec 6 4
1978 Jan. 5 5
Total 110 155
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Ik 1978 422 A 4 Hig, HRUAFEFHEMETET O#E EXOS-A (t) »FEME (¥
AT 65° DEINE) 14T H T 5, VLF [REEEE S L OSHERCET 525 — 20
TREGEAAIIC KT 19 &, 20 kBRI X » TUERAcfTbh T (@eafl, 1978).

2. B co 7 — 2 By
REFNHIE SR S i ATHERSEEB oW, 302 T 0 #F#ios NAGATA et al.,

(b)

1 WA TZESRICISIS2 SR olald—n T o d— A DR +—r3F
o J — .~ LY corrected geomagnetic coordinate (HAKURA, 1965) (4t L7 = » + L
TH5.

(a) 197645 7 A 28 1 2217-2229 UT (i ths 24639) ofi) ISIS 1245 Mlo A+

— AR TIEEEMATZE LT <, 19785 7 A 31 A @ EXOS-A () (I

BT 1901) OFUE & RIFNICR I T A,

(b) 1977447 A 15 7 1613-1626 UT (#58 #F¥5 29105) of  ISIS iZEo # A
7RIS B, olar cap Zi Y, BHLEDY —r T o g — A FHU) o CER
fil~tHh LT

hig 1 Relatlamlup of the giound track of ISIS-2 to the auroral oval established by
FELDSTEIN (1973)  The coriected geomagnetic coordinate given by HAKURA (1965)

ts shown in broken lines

(«) Example of ISIS-2 passing through the eveningside auroral oval (Rev No
24639, 2217--2229 UT, July 28, 1976)  The ground track of EXOS-A (Kyokkd) 15
also shown n the figure

(b) Example of I1SIS-2 which moved fiom the dayside cusp region to the nightside
auroral oval through the polar cap (Rev No 29105, 1613-1626 UT, July 15, 1977)
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(1976) Iz XL WRHEINTWE DT, = 2 Tihak~7s\~. ISIS-1 &2 (69-009A) (3, 1969
F£1 830 HicTh BT Sh, s 3526 km, i 578 km, BOEEAIfaL 88.42°
BT 128 2y 40 B-chn. —F7 ISIS-2 2@ 2 (71-024A) 12, 197148 4 A 1 BiciTH k
F i, s 1428 km, kb & 1358 km Oiis M A %5, BIEKE A A 88 1°, FIN
113 53 36 B Th B.

[ la i IRFNEGH AR (~22 UT, BRI T MLT 12 UT I3l LW) K@ L &
¥, MR L2 5 ISIS R0 REM AR FE AT, = OB i ISIS L,
GH DA —r T o =S A TEREMCES &, BRZEME TA - v 2 BT K
REMABE LT, 17T RETEZELCHELZ 5 Lafngw. X 1biciginsih
M, F—r T e A=A ADFEA (~ISUT) ICfL@ L& %, ISIS E SRR S geo-
magnetic pole {3 % & » WRANBE L T REWLBELZRT. £ BB KREKTZELAD

i ISIS-2 (Rev. N0.24639) 28 JULY 1976
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Fig 2 Typical example of the ISIS-2 VLF spectrum showing a successive occurience
of VLF hiss, saucer and whistler when the satellite moves fiom high latitude to low
latitude.
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Fig 3 Ground tracks of three ISIS-2 passes in
a polar plot of the geomagnetic latitude-
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Fig 4 Typical example of the ISIS-2 VLF spectrum showing latitude-dependent occur-
rences of hiss and saucer emissions The ISIS-2 satellite moved from the dayside
cusp region toward the nightside auroral oval along the noon-nudnight meridian
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DOFZIZE 5 LicBii@n &\, = 0@ CIERIZEM O » A 7K, polar cap (i)
BIXOWPMED A —r 5 o F -V %#KE LT B - Cf7< »C, VLF BstoREZEL
DHEFHFEBCADIR S, BN laicRndhs ki, EXOS-A (HY¥) o#ugix, ISIS
DB LEZLTE ), BREHROEMDOBAITE B HHERNDH 5.

X212, £FOBBICKT % VLF SR OMERE LRI RN THS. 0k
& DIMSHELE & MR SREHIC T 2 BmEBE, K3 wrahs. R, S50 (~19
MLT) D&KL 80° fhrh b BEK P Of KREMIC I TBB L TIT<2, 62° LhE|
REM TR AR D LR A 20 kHz BEDAFIRO & A0, @t LRI S, L ADTF
BRAETERU, 2224 UT (BSAMREE 68°) M C—&FIE e v, Th X v EREMCBE)TD &
Slolc O & I B, 2226-2227 UT(62°-59°) Dfhic V £ & iz Whig ko VLF v — 4 —
(GURNETT and FrANK, 1972; BEifl, 1979) RIS hs. HEI I LI EMREMCET &
R4 ATHRBERS.

X 413, ISIS-2 23R4 > noon-midnight meridian 12 » CEMEIL SRAINBEH L
BT, 2oL EOHREHBIIK 3 IRI NS, 1D EME OMBESIEE 75° 31 % T VLF
V= —08h, FlHE T 85° fEE T VLF v 248 h 5. £ UTHBMNE TIX VLF =
T, v it h, BAD 82° M bEO e AN BT 5.

3. VLF e 2 OF 458K

H17, 18 KBFIC Y » TFEIRICISIS2 B 1S5S BB F— 2%V, FO f+ A<y
P X b VLF v 2 DR4 FE % ROMBSEE (magnetic latitude) & Rt (MLT)
XL 7 ey b L. KS5ai, 2HMOHEHRTHLDIAILK Sb, cix, v ADRAE
THDOFEMBEDOHF LA D I DZHR 4 A-9 B) LEHIE (10 5-3 A) il THiEt L
RERTH D, Hatin, HIRSHREY 5° 2 L, HSREMY 2R LcsEL, &8
BToREFELY —tv P CTELL. K 6a 1L #Haticil Lz 155 #l 0 K EE &
MLT 5t 20 M OREART. BB 7L DB Hh " =ZIN T DB D05,
7L, B 6b, cIREIN D L S ICEMHMNCITFEL L Y lck o T B, TiebhbE
i3 20-06 MLT DA L » A= ZhTwb 0wkt L, BRI ORsEED 73— 03
FEFIZHBLL .

CRHLDOI WUTDOZ L0 5.

1) FRAEFRIZ 60° X hBAICRLIS.
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Fig 5 Polar plot of VLF hiss occurrence percent in the geomagnetic time and latitude
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b) Austral winter period (April-September).
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-3 ¢) Austral summer period (October-March).
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Fig 6. Polar plot of the 155 passes of ISIS-2 in the geomagnetic time and latitude
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3) BE o 70°-85° 1I2f7f& L, noon-midnight meridian 123§ U2 7s 0 {EHEYIC
DAL TS, ZOFEE, »AZHEEICHEL TV EEbhs.

4)  HIH LA OFREFEIL 60°-85° DJREHEICh ), 20-02 MLT fHic @\ F4:
BEOHESBRBD LN S,

5) RIS (geomagnetic pole) iy & L7c 85° LIF DR L IEFICEL .

6) EHEOBE N - DB BUOEMAICBIL TR, k- & ) LickEmeEshix
WAy, BRICBI LTV 2k, BAEBERLSARRE. A ER, 04-06 MLT © 70°-80°
DT e ADFREBEN L 18 5.

4. VLF v — 4% — DIEHEEEK
Bk > VLF b 2230 % & [REEIC LT, VLF ¥ — 4 — OMBAGHAE & B (MLT) 12
T HRAEMEON GF 17, 18 KK TZAE Lic ISIS-2 5 155 HuiofER) # X 7 1257
DRI YLTFOZ EDymh.

] 7 SRR LB TS VLF Y — 4 —
(] o- 15% DREFE

D 15 - 307 Fig 7. Polar plot of VLF saucer occuirence
I 30 - 100% percent 1 the geomagnetic time and lat-

1tude

1) FBAEFE AL DEL.

2) eALFAULBINCREBE DR\ CEIRI B 50, TOMEITe ADREFH L v
PIEBERT 55°-75° BT 5.

3) eA:RULEREO 75°-85°1c v —v - DRAFEE D5 (K4 51B).

V= —DREFEOFFHAI e AL DL IHLICHEET, FFCLEL, ERERIFFICE
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Bl 8 ISIS-2 SCHMIhiz VLF Y —+#—-0
R HEOFHEL. BOLALMZ 7 A
12 ISIS-2 5 0 A BIBEE %, RHROEMT
12, v-y-pBAShic a0 FE
7.

Fig. 8. Seasonal varation of occurrence number
of VLF saucer emissions. The unhatched
histogram represents the monthly pass
number of ISIS-2 whose VLF data were
analyzed, while the hatched area represents

-0 the pass number when VLF saucer emis-
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sions were observed on ISIS-2.

V. R8ILISIS-2 BT, v -y —2BElXhABAOBERY AR T. ¥ ISIS2 B
DAFEBER SR8 ohicFAIcRIh T, ZORI VAL L S5 10 A4 AT
DEH, ISIS2 5T7 — -2 E kLB Ihishr 7. LirL, ISIS-1 SCiREHT
BHETY - =B8RI hi. BHIOY -2 505 5&HEDE ZICE hx 5N
T Hlc, ISIS-1 SATHIAR 578 km, e 3526 km OfEFIMETHZ = L 2FIAL,
XM @G A9 LEMU0A3R) oY - —DEEsMERDE (K. oL H Y
— 4 =12 & iz 2500-3000 km 12 AR AR H b oDkt L, FHAik 3000 km LT T El
Wahd, ThIVRENRL R OhFBEEFEL®L LD &3 hn5b. ISIS-2 Ti
1400km OFBBETHEHLERY =+ -2 ISIS-2 TE oL BRIS R 5 TcDdH =D
BENTOFEMHERT TLHP I 5.

5.0 M BN
B BT % v ADFEEFBICE L i3 CTic Gurnert (1966) & HUGHES ef al. (1971)
DFEHERD H H. GURNETT (1966) 13 858 HFAL A 70.4°, s& b 5 2785 km, b s 236 km o
Injun-3 2L DF — 2% A\, 5.5-8.8kHz %, #MEMN 3107/ Hz L FoBE S S =
v b Lz (X 10a). BEEA AL 70.4° O DRESEESS 82° LI LB 71— Shigu
2, T OHFRIEE S 1R Lic ISIS 2 OfE R & dusk side (12-24 MLT) 132372 » & < 4
T B ED)h 5. —J5 HUGHES e al. (1971) 13, Ariel-3 Z#2 (RESS0 km, #aEtEz
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B9 VLF YV —+4—-ORERKOFBESAT BAVe R b2 T stk ISIS-1 77 0 4 i e
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b) EHIE (10 -3 A7)

Fig 9 Number of VLF saucer events as a function of altitude The hatched histogiam
indicates the number of passes when saucer emussions were observed on board ISIS-1,
while the unhatched area indicates the total number of the ISIS-I passes used foi
data analysis

a) Austral winter period (Apiil-September)
b) Austial summer period (Octobei-March)

14 80°) O F — 2%\t ADFAEFER L RDI-. K 10b 13, FEEEEILORRK D 9 6 kHz
R HERE 3%107 P Hz DL EOBS 0REHE R T e , L Licb D TH 5. K 10b 130
B & 2l h 7s ) AFRENZ /e » T b, [ 10a &4 10b &3, [ 10a 25 1 b BREE
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(a) (b)

® 10 BEEHEE CEHAIX VLF e 20FAFR. () Inun-3 SC8AlIhie =~
@ MLT-INV (magnetic local time-mnvariant latitude) FE£E% T D 4K (GUR-
NETT, 1966). [X'CiL 5.5-8.8 kHz #HTHREM 3x1079%%Hz [ LD v ABENT
ry FINTWD, (b) Ariel-3 5 CEHEIShc VLF e 2D MLT-INV EZ%
TORESAES T (HUGHES et al, 1971). 9.6 kHz THE» 3x1071*2/Hz L) I
DOBET, 1967 S BSE»S T A2 BEFTEHERTRAZINILON T vy
FERTWB,

Fig. 10. Occurrence regions of VLF hiss events in the MLT-INV coordinate. (a) Polar
plot of VLF hiss events with magnetic spectral density higher than 310~ y*/Hz
at 5.5-8.8 kHz (after GURNETT, 1966). (b) Polar plot of occurrence percent of
VLF hiss events with magnetic spectral density higher than 3 X 10~%y*/Hz at 9.6
kHz which were observed on Ariel-3 in the Southern Hemisphere for the period
May 5 to July 24, 1967 (after HUGHES et al , 1971)

DEVBEORAEFIREYRL TS50 L, KI10b 3FEFTHVBEBED = 3, > 5 v
HBEi &0 T\wahidEBEbha. GURNETT (1966) <> HUGHES et al. (1971) 13 E B K
TORET — X 2 HWRAFIR L RO, ZhARSICRLE A A7 bArHvER
DI ADREFIELL D LV —FERT &b, MERRACHEEXL T L Ebh
5.

V- —OFEFHIL, vAOREFRE HOPEREMTHE LN S5, T TREA
7o FRAIDO e R &Y — —DRAEFEROBI R, IuIMA and POTEMRA (1976) 73/ U 7-1ARE
J#8E U (field-aligned current) O H & A DFEBIC ZER EhAIE LTV X5 IcBbh, |
CANBEEBADHTOLBMICL T, Fy -+ -2 BHEBCALBIICL vBESh
TWbHZEDRBING. FICERM O 12 MLT fHr® 75°-85° 12V —+ — DR 1E
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ThHZEND, H AP L field-ahgned current 7Y — - —RAEICHELE LT 5
R E 2 Bl s,

L ADRAEBRES, Lk & BN CEBIO 1 DL LTEEBOBFEENE X
Shb  FIE Macas (1978) < MakiTA (1978), YAMAMOTO (1979) 12 L b, k& A ASE
b — A2 X % convective stability I & o TR Z S CW5H I EARBEIhich, Z OEE
TIIEOR RIS 7 25 P DT FAEEICHTAET - 2DBEICHHT 5. €
CTHMCEHROBTEE,? EAT L e AD0FERM 2 bR A, LL, BHERETO
b ADFMZRICBI L Tk, HuGHES et al (1971) 122z & K& IeZ8fbidigv &l ~NTks
D, SHBESICH LV ALEE EbRhD. V-3 —0FHB e AL LT L BHE
THH, HIMaEE 3500km iz Lk bigw o EavREhic, ZOFRE LT
AL L BHRBETEED EA»E L ORDD, V——0, RHEBRESO EMEHET

ISIS — 2 (Rev. No. 29257) JULY 27,1977
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Fig 11 Example of VLF saucer emussions observed in the polar cap during quiet time



No. 68. 1980 BBRIRIC 3513 % VLF v 2 o ¥ — % — DRAFIR 159

—AIZ X DR IR TV AEEEES $5H S e (GUurnerT and FrANK, 1972) @72, %
DiZ-> &) LIEBRIZEZOh TKLT, 4BREREBNOME, LHFH LWREIZSLEL R
Hhs.

V= — R e ADFIR & D L EREACER S hics, Kp A ERICEVGR, &
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