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Characteristics of VLF Saucers Observed by ISIS-1, 2 Satellites

Takayuki Ozakr*, Masayuki Iwasg*, Takeo YOSHINO*,
Toshiro MaTtsuo** and Hirosh1 FUKUNISHI***

Abstract: Characternistics of the saucer emussions are studied by using ISIS
VLF data which were received at Syowa Station by the wintering party of the 17th
Japanese Antarctic Research Expedition in 1976-1977.

Saucers were observed most frequently in the nighttime in winter and were
scarcely observed in summer. The magnetic latitude ranges in which saucers were
observed are ~60°—75° in the nighttime and ~70°—80° in the daytime. These
occurrence regions are located at the higher latitude side of the plasmapause and
at the lower latitude side of the hiss occurrence regions The shapes of saucers on
frequency-time spectra showed generally two different types, 1 e, symmetrical
hyperbolic shapes and symmetrical V-shapes
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Table 1  The monthly number of ISIS passes
Column A shows the number of passes which were used for the statistics of the
occurrences  Column B shows the total number of the passes

recetved at Syowa

ISTS-1 | ISIS-2
Month I - .‘-»7 S
| A \ B | A 5 B
76 May | | 1 | 1
June ' 7 8 7 1 8
July 3 , 1 | 11
Aug i 3 11 | 7 7
Sep ‘ 3 9 21 24
Oct % 1 | 4 3 3
Nov. | 5 1 6 19 19
Dec ; 12 } 13 | 18 18
*77 Jan. | 6 1 14
Total \ 40 | 69 | 87 | 9l




No. 64 1979) ISIS-1, 2 THEM X hte VLF v — 4 — Ok 169

(VLF KI8T — 2% ZE Licd @), B XUOHEFAEDO MDA Lic#EH AR L T
5.
ISIS-2 D ZERRBITFEFHIZ L, SIND I WF— 22385 Twb. Lh Ligat s ISIS-1
NUMBER OF VLF PASSES PROCESSED Tk, PCM, by 79 A M7 v X =0
. 2R EERRA LKL Oa DB Y, R
o L LT — 2 DRIET 5 HiEsd 1SIS-1
; L ' ﬂ M 25 40 B3, ISIS-2 73 87 Bl &5t 127 ML
i ‘ ) SR ESY o
M1z # 2o &8E OB REEL
MLT x5 55 MOREEZR LT 5.
L | BRI 40° (L E T, ERETIIEETO
MLT WREL AT 5 LR TTHRETH S, 1
ISIS-2 134 —rm S EIFFHIC L < -~
LTW5Dhbnb, LhLikhbEOH

MAGNETIC LATITUDE
8 . 3 8§ 8§

w
—

&~
S

W 80° .
a
£l FICIER e, £ oMM TR ERFMT
<
- CBREIR S I L o T B,
(&) o
= 60! B S
zZ 1-4
Q 0
= gl 3. VLF v — 4 — DR G
| 10 -
‘21 | - |1181 I |0IOI Ll 140151 L1 1]2 @2,1213 Giﬁlgﬁiﬂgﬁﬁiﬂﬁllb@’%{%
MLT . .
B 1 gatSomiic R Litionsg oo B8 T IRCR LR —HEs
& & MLT x4 % 54 DBPGIZR LD DTHS.
Fig. 1  Dustribution of the ISIS pass numbers e "
used for the data analysis as a function BRI, B LBy RRENDIEE

of local time and magnetic latitude

B - CEAT A HE L, ThERK
SHCABREEE s B S E A M BB T 554035 5 2%, LM 0K T, BENEEEDL O Ek
EAMZBAILTITo B ait, VLF e A, V=4 —, k4 AT —DHEF=3 v ¥ a3 VA
BRI A Z L%, —F, Eofificix, BREAIOERE, BETHYEAT S X 57
MENE L IDlcdb BB, EHEHCIhLO=3I vy ¥ 3 vOBRARDRLtoTW 5.
K41x58»m59 A% CoOrREROLOMMICBIT S v —+ —DREFE DML &
MLT x5 55 Ma R Lich D THS Fatic AW cBEBT > W TikFE 1 2 28]). 10 B
DREDFEBROE DKL, ISIS-1, ISIS-2 £ ZD 24 7D 3 v v a VidE - H



170 R Y « HEY » PPk « BRRUT « R 4 Nl

- IR

I1S1S~1 (RevNe 30332 ) JUNE . '.°

ar

P T T e i~ ik

e semes #

, # ; o S 1
0 » &W < iR Wm mé:w
‘ < f «

B 2 1@ pass OFET — 20 b8 5N 5 ISIS-1 VLF 5 — 20 f~t Ax27 A
Fig 2 Example of the ISIS-1 VLF spectium

WENTEHT, ZOBEHRPMNE CREBPEN R fno T 5. BT TIL 60°-75°,
EMTIE 70°-80° THBAIS A, 60° LT O EAE TIRE - BB Sh Ty,

5,18 6 (X FIBHE 2 VLF £, 54 25— 2o Tii- kb DTHHA, tADY
£, FOFAETEIRIEMITIE 60°-85° DIEWEIFI 72 - Tk H, MLT T 22 h~02h 0[]
TR REBEA B o T b



64. 1979) ISIS-1, 2 THMX iz VLF v — 4 — Dk 171

2515“2 {Rev No 24867 ) AUGZ 3. 1876

xilg

P

i 2
% i
¢ 064l
pa e *”iii - ¥l
gt H i [EIRI 1

B3 1{Eo pass DFEF— 2068605 ISIS-2 VLF 57— 20 f~t 227 F 1 {|
Fig 3 Example of the ISIS-2 VLF spectrum

VLF SAUCER 1S1S-1

2222722 22222727
W 8o
Q 229
2
= 7' 2 2999
= 70°
<
it 27 27227 272272
272272 %2%27%27277 2727227
£ 607
G 2722222722272 2°7 27272727
5 272927292 72°27°27°27°7°%7%777° 222222
50°
§ 2790999290929 9299909 299909
29227222 °222°29°927°22%2°72 22929222
40°
AN 0 a2 70220702
18 00 12
IS1S-2
S0°

? B4 VLF y—+— o3 4EBE 5% May

&
2
= 2 7“ 9 2999
2™, B l7 R, 1976-September 1976). “?” 11+ FIKD
250'7777 227 2 27292929 ?—57517’&\«‘:.&%7]:\”?.
m 2729 29229 2 2 D 0%I|?
Z [lonos 29004 > 2 | o-2sulr Fig 4. Occurrences of VLF saucers as a func-
g
s i T e 777 -25-50%)° tion of local time and magnetic latitude
2727272229227 ’)’)’)’)’)’)’).&_1007.7
e Question marks indicate lack of data.
12 1 06 12

MLT



172 tlh,,;%

[SIS-1

VLF HISS

uJﬂO"V E
5 0
= o
R
_dJ ‘,.‘ 2?2727
e 7999909
O 60" ”
: }77,7 L 7772272727
w L)
%5‘7’77 277 72 72 2727272 727 2 2 22
<Of7)> 299992022990 29909
2 [7"') B I T T I B T B B B e ) 2977
o 12022 200207102000 020 2 20 2 e 7
2 ‘B 00 06 12
MLT
ISIS-
90° - 2
I 2
1 a R
W 80*hy
S L
E 2o
»—70-[{ l |
< 729 22
- |
U 2 29 99 90!
O 60 _,
'u“_l '}‘7 9 2 7@ ol
|
< i? 2 2 2 - o o0
O gpel | 2 025I.=
gl oo 220 g5-50 7
29092999909 2799999 - DRK
,Olf | EY 100J
S T TGN B S U 0 S U S B S W B S BTN Y
2 18 00 06 3
MLT
B S VLF e ~ARAMRE i (May 1976-

January 1977) “Y L FDHRURD T — 2 4
eI &R

Fig 5 Occurrences of VLF hiss enussions as a

Sunction of local tume and magnetic lati-
tude  Question marks dicate lack of
data

B 7 v-—%—DRAE o a5 (1SIS-1)
SRR Y — 4 — OB X e WU L
IR ROWERED e A L 7 T 4

Fig 7  Distribution of saucer occuriences as a
function of alutude  The shaded histo-
gram wndicates the numbei of passes with
saucers and the unshaded histogiam
shows the total number of the passes for
the data analysts

o FTAHCZ oy EPELK o BRI

e CRMEEET

[N

WHISTLER

1SIS-1

MAGNETIC LATITUDE

]
272 2

7 2297297

; I O o |
0- 25
2791 25-50 -z.\
’)’)7')’/')‘50.‘000/'7
D I T U Y O R W
12 8 00 06 12

?

? ?

50°
39 2 7 K 7!

200020902

MAGNETIC LATITUDE
@
<

40"

K6 +~1A5—0REMESM (May 1976~
January 1977) “2 (3 70O 7 — 2 H
A7 N

Fig 6 Occurence of whistlers as a function of

local time and magnetic latitude  Ques-

ton marks indicate lack of data

km 16 JUNE~13 SEP 1976
4000

7 . |
" =

T

EEFRIMITIL 70°-80° i LA — = T4 — I LT B Fiohg AT —1265° 1)

ETF s LB E R T o,

FA AT —DEIRA 60° [T ETTHDZ Emb,

65° 3%,
EiEEACBE LTS D EEX LIS,
7 ISIS-1 oFE e » B LT,

Y =4 — OFPI S B EIEIC

75 A = RO 2 60°-

V= —DFAFIRIL T 5 K= 8 — AD ST Lad e ADHIRD

ZDOWTR LI DT



No 64. 1979] ISIS-1, 2 TEM = ht- VLF v — +— ot 173

B B n5, 2500-3000 km THAFENED Lo Tuv 5. 1500 km L FOBETOBRBNTIA
»%, JaMes (1976) DB RIARRET 2 L 512, ¥ —+ —DFA L 1000 km L) oD 5E I HF7E
LT3,

4. f-1t 2RI NV THEI—H—DE AT

BRIy = =% [t ARZ PATRBELOHBIKREL HTT20OD 214 72/ H
THIENTES.

ZDOHE—D a4 713, LFEI DY —F—RT, EGAHLIEERO A7  rifEx
FobD0Ths, MBRZDX5bDDMITHDA, WMOEL VIR ICKEL 20 B
lEcdbico T s, R 1400 km O#E Ficdh % ISIS-2 Tix, 20 B #2134 140
km BELTED, 2O=3 v v 3 VAFHEBEIR T 100km P ES DI D & HFE- T

»

JULX26.1976. 03:59UT ~ 1SIS-2 REV. 24614

<y H
v - . o H PR
s » < ~

PR
P <;J
£

& x§®é§\\ »
2964, n“(

3/

0
MLT 00 30
LAT 69.8
JULI27.1976. 23 38UT 1SIS-2 REV. 24637
25z ¥t

$\ N’/‘S«%\:@»\*’
s \»,%g“m Pes s

8 Mgk vy —+—
Fig 8 Example of the hyperbolic shaped VLF saucer



174 RZrz o By « VBRI « B ROS - 1R ) BB S fes

JULY28.1976. 22:26 UT 1S1S-2 REV. 24649
25 Khz_ 3 N

K9 VFEDY—+—
Fig 9 Example of the V-shaped V LF saucer

ez bl s, M8REHAIh Y — 4 —DHRTHLHHDOERVOKEILEDOTH B, —
iy, 2o XS BERDO Y — v — OB OEN DILS~I0BRED b O EL,
el OTE (ECAER TLTOWENFHh->T5b L5 ThHA.,

Y = —DETD x4 SRR R TR, BEARALE L TR Y, VFERLR
LTWBbDTHS.

MORZDXd7 x4 7OFITHBN, 220V ——pu30H#E L THRHMIN T 5, B
DL, 25kHz 5\ Ik ch U Lo R E THO T 5. BRI BESOEN 7L 2 AT
SHREDLEN Y #HEE->TW5.

CDXOVEHDARy P ABERFOY —9 —1%, RO A7 b A#EE D
b O EHANRT, RUVGVEABBRICE TEOBRRMIMBEO T %S D23 %<, 25kHz (HED B oA
DX, FHRETHLLONKRESTTHS., REBOBELRL, 20X 5k VEHOL O
T, FAUCHFETHeAD )y b 7 HEBEUTIRETEL T2, SEOR RO
LOTIXe ADH » b4 7AERE TR CIT/e> T 5,

CDEHEY = —DEA THAXRI b ADHBRBOKE L 205 EH LI, EFRTH



No 64 1979) ISIS-1, 2 TEM X iz VLF v —4— D45k 175

JULY 3.1976. 2152UT IS1S-2 REV. 24332

.
ey

’@*w%ﬂ? & -
%@ﬁ‘*ﬁt Ly «\»\ﬁu o
25 kHz¢ ﬁf«*«*fwww . . . -
k o7 >
,

140 s

SEP.23.1976. 18:26 UT ISIS-2 REV. 25369

10 ZFERORBEROEHY -+~
Fig. 10. Example of VLF saucers whose bottom frequencies are high.

PRte=3 oy > g v TR, BEAFBILAZ S EVBERATH Wb O, Bl BERsR
ThHhHrrMERTHZDN, oD LRRFITE WL DFERDH T, EDAXY bAEE
BIXEET, MR COFTRHCHTRESKNCL DL FET S, WM AFORCER LcH
B, FOKZLZEXFTHB., ¥7csD Y —+—Th lower cut [IFFHFIIZ->& H LT
%75, upper cut oW TCIE, BoX hLTWinb Db H b, FOX 57D TiE “HEik”
LW HRBUTHEY TR eB, LY ——DOREFOBERCOWTHE LD D0H
%, K10 TILRES O EAB A 10kHz Ll B2 > Tw 5 X 57b OBRBRAIR T 5. &
DHITXR UBH TRIESOBERO TN TR R BV — =2, Wb Eic-> THAUI
hTuws, K14 L LTBAIhEY - —DflERLTEL.

CETBLREY ——DREHED MLT 12t 254, AL ISIS2 0% D F
— 2% A\ eitat (JAMEs, 1976) LRI U X 5 IERHFMEIC Y — 228> T 5. L Ligh

BRI JAMES DN X 5 b DI TEFEREHI VAL D Lig o T 5. TR



176 2 o EHSCZ « HRP R o MBI o fRPE L (g r

HeE LT, F— 2802 &, ¥l 2 2T, v — — ORI 5S-30 BRIED L
TH 50 James DFAIL, Zh LI VEWLOER > T BEDdTHEEEZLRD.
Injun 5 T® Poynting flux o JE1o @#l (Moiser and GURNETT,1969; MosIer, 1971) (1,
V= = DREFIHEOTIHMHEL, ZIhbhf AT —%— FOWEN LM ITER L
TWAHIERRLTED, Ffov—H—DOFREFEROLE 1L, KFEHENZ 05 km, HiEI[HE
12 S0km BBETED 27 — i3 10mW FBEE L 3% ShTu 5 (JAMEs, 1976).

V==, A —w SHICEED = L, v vTH Y, FOREEHEL, +—= 5, VLF &
AL OBEENSHALMCL TR ENBBETHS

5. % & )
LLlEEdbTHhBE,
1) v~ — 34D MR O B AT CRA BB B,
2) AREEAIE, WA TIRERAEEL 60°-75°, BHTIX 70°-80° THIA S h, 60° LT
DIEAAE T FE sl BB TR,
3) V=Y —ODORLFHL, ST AHE— ADOHAIT, b ADFO KL AN BT B
boLEZLRD
4) V= —DV—2ALx 1000-1500 km L LOEKCAFEL T B EEZDRS.
5) V—H—DAXY FABEIIEETH DD, KEL ST TRIERDO S D L VF RO
LOEDDD.
SHEBICEL DT — 28D LTI ST, LARF —r FELDOMFR, v ——0D
Y — AR DS E DB AR L > T Y — —DHREBEALHLC L TP L
IS A AN

X ik

BarrINGTON, R E (1975) Report on active and planned spacecraft and experiments NSSDC/
WDC-A-R&S

Mosier, S R and GURNETT, D A (1969) VLF measurements of the Poynting flux along the geomagnetic
field with the Injun Ssatelite J Geophys Res, 74, 5675-5687

Mosier, S R (1971)  Poynting flux studies of hiss with the Injun 5 satelite J Geophys, Res, 76,
1713-1728

GURNETT, D A and Frank, L A (1972) VLF hiss and related plasma observations in the polar
magnetosphere J Geophys Res, 77, 172-190

JaMes, H G (1976) VLF saucers J Geophys Res, 81, 501-514

(1978 4 6 J 10 H =)



JUNE26 1976 00:Q46 UT
ISIS-1 REV. 30321

o | 20s
MLT 04
LAT 70

JUNE30.1976. 23:14 UT SEP.13.1976. 20:02 UT
1SIS-1 REV. 30388 ISIS=i REV 31228

« w\xw{‘»g‘»@«m g e o PRy A%

‘ s ; t ~ <7, £ R
R e o ST
2 5 _—K HZ N »’& w}z&}?w&;p%%% \%m}%
Ry

5

ISIS-1 REV. 31038

PR
£ +
.
£
.
v £
p
a5y L 5. wia Fy N
b # g ﬁﬂ B
A MR y TR
i , By
P
e . ey
-
i e
’ ® 4 w7
- L3N

SEP.13.1976. 20:04 UT ISIS-1 REV.31228

I 2



.
JULY27.1976. 23:41 UT IS1S-2 REV. 24637
wsenin, A e - v - e 0 g orvihd
K EIT ) & V&S*;vlu’33&»9\ég\“f\%w%%\é‘*%vw 7
’ * SRR A XE G
e s g P8 g MR Son i 5
T P e TRa N el
wy M NEPS 14 SRR Py
% POLS N §¥ B e SRl
LY FAE e L AR SR % 1Y

el

LS E oy A BT 3

SR ael Tl 0 JF TS o
R . YIRS 1F s

-5 10 [+5¢

N

25 kHz

RALE T

—<Z
- O

114 4

fE 1~4 ISIS-1,2 THM Iy — 4 —

Appendix 1-4  Examples of the frequency-time spectra of VLF saucers observed by ISIS-
1 and 2




