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

Takeo YosmNo*, H1rosh1 FuKUNISHI**, Natsuo SATO**, 

Takayuk1 OZAKI* and Masayuk1 IWASE* 

Abstract: Satellite data acqu1s1t1on fac1ht1es for ISIS-1 and 2 were bmlt up 

at Syowa Station m January 1976, and the VLF wideband and topside sounder data 

have been received on the routine basis smce Apnl 1976 The occurrence reg10ns 

of VLF hiss and saucer em1ss1ons m the southern polar region were studied sta­

t1stically by usmg 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 Exped1t1on wmtenng parties m 1976 and 1977 It 1s found that the hiss 

em1ss1on region with the occurrence probability larger than 50% 1s located at 

75°-85° geomagnetic latitude m 10-14 MLT m the days1de and at 65°-80° geo­

magnetic latitude m 20-02 MLT m the mght side, while the saucer em1ss1on region 

with the occurrence probab1hty larger than 30% 1s located at 75°-85° m 10-18 

ML T m the days1de and at 60° -70° m 18-02 ML T m the mght side. It 1s sug­

gested that the hiss and saucer em1ss1on regions m the days1de are closely related 

to field-aligned currents m the cusp region It 1s also found that the altitude of 

the saucer em1ss10n reg10n shows a clear seasonal vanat1on, t e., saucer em1ss10ns 

are observed m the altitude range of 500-4000 km with a maxmmm occurrence at 

2500-3000 km m the austral wmter season (Apnl-September), while they are ob­
served at the altitude higher than 3000 km m the summer season 

JHr: � 11 (kwHfilili�imdllJ�vi, ncr¥o£lili�:::.Aif!ts If_ -r v > r 0 -'.1.:{ti�/;:-1;r 

�ff[ L, 1976 /if. 4 J:l J: I) ,-r.lt�f JITtJJUTIIJ1f1£ ISIS-I �·t; J: u" 2 �� oy;t�� r 'Y 7
°
-lf-

1 r Y-'7 :/ !J -io l v- VLF $1H�t&M-r - !J O)�{��lfflPt1 Lt.:. 7l-(��)(-C vi, m 
17 tkl�. m 18 tk��:::.J: 6 ISIS-11%, 2 ��{1§-r-!J �ffl\,,, ffil11x�:'.:.Jc,vt6 VLF 

l: 7, • 'J --lf- - 0)5e�fil�� 1Jtj""-f.:: -t O)*dj:!Jf!.:, 1:: 7-- 0)9t�:l_:)}Ji0Cvi 10-14 MLT 0) 
/t?l�UJ\toc 75°-85° {,t;]fJc, J: v- 20-02 MLT 0) 65°-80° Hi!i-C:/&:k�:::.tJ: I), -jf 'J -

-lf--Ii 1:: 7, O)fi_l'lft J: iJ t S?S?{.tfttocfJl1]v:::.{.1'UI· Vt 1,, 6 c c. iJ:JlLJ:l �;ht.::. J&.f1,M!JJO) 
1:: 7, c 'J --lf--Ii, Jc 0) JC�fli� 0) fid�iJ' I:> j; 7, fiifl� 0) fl£,= ;z, /V 4--'rclrJ- 7 7 / 
� 7, c M;rfliJ,!�1,, c }i:hn 6. 

* 1Jt�JitB:k�. Umvers1ty of Electro-Commurncat1ons, 5-1, Chofugaoka 1-chome, Chofu 182 

** OO.:s'Lffiifu1f}f�'l:m. National Institute of Polar Research, 9-10, Kaga 1-chome, Itabash1-ku, Tokyo 
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1 . ti t., '&J �r. 

m11�m���-��(uTm11��t��>�. ����KAiffi£7v�rv-� 

{§"�lt��lt L, Aiffi£vc J: 0���&?l!U����x. 0 t t ii vc, Aiffi£, P 'T ':I r, 

�J::&3lUmvc J: 0 ft1*1¥JFBJB�&tllU�� ii �vffi Lt::.. Aiffi£vc J: 0���&?l!Uttm 18 �. 

19 iX�vc J: 0 -c 5 l�iJ;;h, ffl.tEm 20 ��iJ;&t'.llU�iwEfii:f::r-c· � 0. 

m 17 {X�vi, 1976 if:. 4 }j J: IJ '}J -r !l' • 7 � Y '}J vc J: 0�fJI.jgmm�a3lUffi£ ISIS-I %, 

2 -¥}0)mm� r ':I 7
°
-v-1 F-v 17 Y f- :J:o J: Lf VLF $m� (5 Hz-30 kHz) M'.tJ-0) 7 v � r 9 

-�{§�lffifrttLt::.. m 17 �. 18 ��O)�{§Lt::. 1976 if:. 5 }jiJ�G 1978 if:. 1 }j "i-C·O) VLF 

7- 3< O)q:r-c·, 7·- 3< O)�iJ;� < Mtrrvc{leffl-C � 0 7- 3< O)�v:t � 1 vcff-�n0 J: �He, 

ISIS-1 iJ; 110 fiLJ!!:B-, ISIS-2 iJ; 155 fiLJ!!Jt-C·�0. �;hGO) VLF 7-3<�fflt,,, f-t (ft] 

� 1 1976 � 5 J'j-1978 � 1 fj O)f1c19, 13B�£!m"C�m�:ht-: ISIS-1, 
2 0) lW!.Ji '®.: 

Table l Pass number of the ISIS-I and 2 satellites whose VLF 
data were received at Syowa Statwn m the perwd 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 l 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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ml�-� ir,i1) 7, .,..::_ � r ;i,, � fp f$t L, frtr ZE. {ft ui c r%u OC t-o l V' Ye 0) ;z_ .,..::_ � r 11,, iJ, G, ffif.w: r:::. t-o vJ 

o VLF hx�i O):r_iJJi c Ye 0)0\.:;ffjv-=. "':)\,, L%���di- t�. 

tJ: :f-c, 1978 if 2 J=j 4 B v-=., *E{*��j=@J!vl�Iiff9'E?JTO)frtj£ EX OS-A (1fili:1c) iJ;7fE'.lltfLji (m 

J!!�Ji;J.1vt 65
° 

0)$ffilWLJ!!) v=-htiJ:.vf Gh, VLF $ffirg::x;��-t:fc> l cYMtmmtv=-�-t o 'T- 3l o) 

'.>l:{i§iJ;pt37f1JiH!!H=-:t-o\,'L� 19{;7(, 20{:J(�v=-l0L/l��v=-fibhL\,'0 Ct@"i§fm, 1978). 
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� 1 113:tD�iil!.-Z: �{�· �ht:. ISIS-H; i:\'r�O)i\iJLjJ1J. c :;,t - P '7 • ;,J· - /' ;1,,0)l*1tf :;,t - P '7 
• ,,J- - r, ;1,, v'l corrected geomagnetic coordmate (HAKURA, 1965) 1-=.;t L 7' P / J, L 

-C00. 
(a) 1976 q:: 7 )� 28 D 2217-2229 UT (tfljim:� 24639) O){Jij ISIS vi37J�ll]O):;t­
_/,;v�;m--? t{Mt-m'.fll]-''<�l;b Vn, <. 1978�7 � 31 EJO) EXOS-A(ffi:)'c)(�PL 

;111'ltv 1901) O)tfl3i ib lfiJR-1 r:.5J; '2 h -C 1,, o. 
(b) 1977 {F 7 J� 15 13 1613-1626 UT (f)L3im--0' 29105) 0)1JU ISIS vi%fk�O);t17, 
f1J1w_xb,G, polar cap �;Bl 1J, �1t1 f,JJLf:O):;t- P 5 • :;,t-/,11,,�,h\'.r9htfM�It 
flliJ�ltfiJ L -Ci,,< 

Frg I Relatt0ml11p of the g, ound !tack of ISIS-2 to tlze auroral oval e:,,tabltshed by 

FELDSTEIN (/973) The conected geomagnetic coo1d111ate given by HAKURA (1965) 

n :,,hown 111 broken {111e5 

(a) Example of ISIS-2 parnng through the evemngMde auroral oval (Rev No 

24639, 2217-2229 UT, July 28, 1976) The ground track of EXOS-A (Kyokko) H 

a/:,,o 1ho» n 111 the figure 

(b) Example of ISIS-2 wluch moved f,om the day:,,1de cusp regwn to the 111ght:,,1de 

aworal oval through the polar cap (Rev No 29105, /613-/626 UT, July 15, 1977) 
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(1976) v:. ct 9 f!H!r � :h -C 1,, � 0) "C, .:::. .:::. -C'f;tjm-'"'(fJ: 1, '· ISIS-I %ffi£ (69-009A) vi, 1969 

� 1 JI 30 B vch'bJ:::vf GtL, Ji:J:tgA!Jt 3526 km, ;J./I:ttg,Bvi 578 km, mj1[fl:Ji#4�vi 88.42°, 

J:IJJHi 128 0- 40 f,y-c-�6. -jj ISIS-2 %ffi£ (71- 024A) vi, 1971 � 4 JI 1 B vch'bJ::: 

vfGtL, Ji:f:fil,B 1428km, ;J./I:J.t,B 1358km O)/'fvt'F9mJi�t*Q· lWLJiftJi#4�vi 881 ° , ff,Jjfjj 

vi 113 7J\. 36 f,y-c-� 0. 

� la vcai§fp�:ttgiJ:::r:z (-22 UT, a;gfp�:ttg-Cvi MLT vi UT vUtvs::-�1.,,1,,) vcf.s'lfi:Lt-:c 

�' Oi§flJ�:f:-tgJ:::�{t;J./I�Jffl Q ISIS ffi £ 0) ��1¥JtJ: lWI.JH��-r. .:::. 0) llvtj1[-C vi ISIS ffi£vi, 

gjj-O(U 0) ::t- P 5 • ::t - /� 1vvc{fi 0 -COBfiJ�:J:tgvc;J./I--::5 �, Oi§flJ�:f:fil'fJ;J./I"C ::t-/� 1v�ttvt{I& 

tl!tillU""-�itJL--Cfi<. � 17 ?xg--c-�{§LtdtftJivi.:::. '5 Lt-:{JUiJ;�"'· � lb vcOi§;flJ:£:f:fil 

iJ:, ::t- P 5 • �--/�1vO)Lf1f-OlU (-15 UT) vc{.s'l![Lt-:c �. ISIS ffi£iJ;Jg.j,lJ1J!UiJ;G geo-

magnetic pole {t;J./I�Jffl 9 Y>lil'lU""-�ifJ L -C \,, < ��60tJ:lWLJH��-r. � 18 ?x�--C �,{§Lt-: t 

KHz 1515-2 (Rev. No.24639) 28 JULY 1976 -----------------------
� g � �. "Pilll�l��� ���lf

1
!illllVAi!Hdll �-� �-LI__ 1 lt�,.c�.-, t l 111,r pt 1iJ!J_;tr S_r:� 

2 211(-7 91°. 268°) ·221 8(-794°,43 6°) 

•: tr t ·tttrm n:z rn r r 

2220(-77 4°, 737 °) 

2219(-788°,599°) 

222 1(-75 5�843°) 

2222(-731°, 92 1°) 

r · · 2 r .. ts:nr r'F? mmrr "'-�-r 
2223 C-706°,sao·> 2224(-67.8°, 1024°) 

''i: .. tl'IJIJ 11 .... •*' • •• lt r u r 

2225(-650°,1059°) 

.......... ·-· ·-

2226(-62(r. t086°) 2221C-591°.1108"> 

UT( Geo mag. Lat., Long.) 222a C-561°.1126°) 2229 (-530� 1141°) 

� 2 :!ilft�){ITTtJ:�/.toc{t�ffi-:f�O) ISIS-2 -J} VLF 7,----.'.. � r 7 1.,, O){JLJ 
F,g 2 Typzcal example of the JSJS-2 VLF spectrum showing a successtve occur, ence 

of VLF hzss, saucer and whistler when the satellite moves fiom /ugh latitude to low 
latitude. 
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12 

00 

I SI 5 - 2 ( Rev No. 29105) 

. 
��--· ----

� 3 lm{1ii'AttJit l Jfufiil'A�r1'l'Jv:.J;t-t 0 ISIS-2 
�O)!ft;g� 

Fig 3 Ground tracks of three ISIS-2 passes in 
a polar plot of the geomagnetic latitude­
geomagnetic time coordinate 

JULY 15, 1977 

161'(-76 5, 77} 

1619(-867.1354) 
--· . -"----

---- �.����·:::::-::::: ---)�-- 0-_:: __ ') 

. 1620(-84.0.155.8) 

· -,-,- ·�· ---· -·---- -----·-· -----� 
1622(-779.1664) 

1624(-717,169 6) 

f - ·--<· 

1625(-68 6, 170,4) UT (Geomag Lat • Long ) 

� 4 Noon-m1d01ght mendian r::.if}0 -C:!iir13'}(Jllj0) t; 7- 7"fifi.l;ijx;;?J, G15l{Jl!JO):t- - P '7 • :t- - /, 
Jv�ffi-\;7]0 ISIS-2-qf::.J: 0-Cw=J,{PIJ�;ht� VLF 7,�/J r 7 A0)171j 

Fig 4 Typical example of the ISIS-2 VLF spectrum showzng latztude-dependent occur­
rences of hiss and saucer emzsswns The ISIS-2 satelhte moved from the daystde 
cusp regzon toward the 111ghts1de auroral oval along the noo11-m1dmght merzdtan 
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0)0)9='vCvi _:: ? Lt..:t'13ii):i;�\., '· _:: 0)$'t)![ "'Uiffi�Ji�Fai0) 7J .A 7
°

il�. polar cap (ffi%£� ) 

�J:��9='#i/IO) :;;t-- i:i "7 • :;;t--,..�1v'a:'jiiwi:V-C �W0-Cfi< 0)-C:, VLF azMO)f$.lt�1t 

0)1*-riMijP&vc�G;h,6. tJ:�� la vcffi�;h,6 J: 5 vc, EXOS-A (ffi::lc) 0)$'t)![vi, ISIS 

0) $'J.)1[ c TI[� L -C � 9, �lt:15 JPJ O)�{t O)ffll{JlUiJ� -c- � 6 J�vC�ffe:iJ�25 0. 

�2�, �*O)ffi�K��-0VW:a:zM ��O)·Jt�tt'a:'ffi-tA�W�fflt260. �O)c 

�O):ttgwj�f$:ltc:tmwl��Faivcxt-t-0ffi£tft)J[vi, � 3 vcffi�n0. ffi£vi, 17:15-0lU (-19 

MLT) O)jtgwj�f$:lt 80° 

#ili:iJ• G��9='0) {ff$:lt-OlUvcJP)iJ, 0 -C:f$i!J L-Cfi < il�, 62° J: 9 iWli 

ftlt-OlU -C vilm��O)J:.�!iJ; 20 kHz fflltO) J.t'flr�O) e. 7-iJ;, jiiwi: L -Cl!l?JlU � ;h, 6. e. 7-O)r 

�!Jm��vi, 2224 UT (S�ftlt 68°) ttJLi:-c--:ffi:{f < tJ: IJ, -t:h J: IJ {tftlt-OlUvc�i!J-t 0 c 

Js,.k;.f.::..-0:-iWlj < tJ: 0. 2226-2227 UT ( 62° -59°

) O)Faivc V �� 'i t.::.vi�E!Etl�O) VLF 'l - -it -

(GURNETT and FRANK, 1972; ��ft!!, 1979) iJ�W?JlU � ;h, Q. ffiJg_iJ: � G vc{tftlt-OlUvc:iltr c 

;t 1 7- "3 iJ;ffl,;h, 6. 

� 4 vi, ISIS-2 %iJ;ttgwj�O) noon-midnight meridian vet& 0 -c �Fai-OlUiJ, G�1JlU"""-:f$i!J L 

t-:,WU-C', t. 0) c � 0)1'j-£$'J.)![vi� 3 vcffi � ;h, 6. �a��Fai-OlU O)jtgwj�f$.!t 75° 

#i!r 'i -c- VLF 

Y - -it -iJ;ffl,;h,, iJ lim\.,, -C 85° 

#ili: 'i -c- VLF e. 7-iJ;ffl,;h, 6. -t: L, -Cwjffi#JLi:-C'vi VLF .:i:. 

� 'Y '/ = :/vttJ: < tJ: 1J, �fJlUO) 82° 

tti!ftJ, G1}� e. 7'ilq±:1m-t -0. 

3. VLF 1::: .A O)��il� 

� 17, 18 ?xl�10c J: 0 -C � {B" � ;h, t.::. ISIS-2 % 155 :iWL)![ 0) r - 3l 'a:' J:Jh , , -t: 0) f-t 7- � !I 

r ;v J: I) VLF e. 7-0)9e��lt�;Jc�:tmwl�t$lt (magnetic latitude) c :ttgwj��Fai (MLT) 

vcxt L, 7
° 

p 'Y r L, t.::.. � 5a vi, :�Jt§Fa9 O)ifvtH*s*-C' 26 Q 0) vcxt L, � 5b, C vi, e. .A 0)9e� 

i1�0) *1!5�{t0)1*r'a:'�0 t.::.��MFai (4 JJ-9 JJ) c�JJJFai (10 JJ-3 JJ) vc� � -CwtHL 

f..:*s*t260. wtH�. :tmwl�·lt'a:'5
°

t.cK, :ttgwj���'a:'2���cK�fflL, �­

�-c-0) Je��lt� .... � - -1:: :,, r -c- 1f. Lt..:. � 6a vi itvtHvc iieffi Lt.::. 155 :iWL)![ 0) :tmwl�l$1t c 

MLT vcfa.t-t 0 �� O)�;(rn�ffi-t. ffi:tm�iJ;iJ,tJ: I) :ItJ-vc n ,..� -� n -c \.,, 0.:: c iJ; �iJ\ 0. 

t.::. tf. L,, � 6b, C vc� � ;h, Q J: ? vc* iwwvc vi tft)![il� iJ, tJ: 9 iJ, t.::. J: 0 -c \.,' Q. -t tJ: b 'b �M 

Faiv-t 20-06 MLT O)iJ:l�iJ�J: < n,..�-�;h,-C\.,,00)vcxtL, 1fiMFaivit.O)�Fai'flrO)n,..�-iJ; 

��i;tvc 26 G \., ,. 

� n G 0) � J: 9 .l;f""f 0) t. c iJViJ-iJ\ 6. 

1) Je � ffi� vi 60° J: IJ ffi -Oltl vc �! G ;h, 6 . 
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Cl o·,. 
D o - 25'/, 

D 25 - 50·1. 

II 50 - 100·1. 

D o'I. 

D o - 25°!. 

D 25 - 50·,. 

11 50 - 100·,. 

[] 0'1. 

D o - 25'1. 

D 25 - 50'1. 

• 50-100'1. 

12 

24 

(a) 

12 

24 

(b) 

12 

24 

(c) 

a) �Jtlrn� 
a) Whole yem 

b) :t-Jt811c1J (4 }j-9 Jj) 
b) Austral wmter penod (Apnl-September) 

c) �:MisJ (10 }j-3 }j) 
c) Austral summer period (October-March) 

� 5 Jfu/tli:5ZU#li'. c :lmfitiAS�rfl"Jv;:_:J<;t-t � VLF i:: 7, O)?i51:_tJUl 
Fig 5 Polar plot of VLF lm1 occurrence percent zn the geomagnetic time and lafltude 
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18 

12 

24 

(a) 

12 

(b) 

1 2  

2 4  

(c) 

a) :@:JW11=1J 
D 1 - 3 a) Whole year 
D 4 - 9 

• ,o -

b) �JJrf3, (4 Jj -9 J1 ) 
b) Austral winter perwd (Apnl-September ). 

D o c) :;JtJH'1=1j o o jj -3 jj) 
c) Austral summer perwd (October-March). 

� 6 �tt v;::{fffl Lt-: ISIS-2 % 1 55 JWtjfO)f:tgfiti��Jf3J C lt&v;::xt-t Q :9-;;fp� 
Fig 6. Polar plot of the 155 passes of ISIS-2 in the geomagnetic tzme and latitude 

1 53 
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2) --r� -c 0) a�rf:19m-c t1mu � .n 0.  

3 )  JEf.Ff:19illU 0) ili�vt 70°-85° vc {ftii: L, noon-midnight meridian vc1*j LiJ, tJ: I? xr�1¥Jvc 

0-111 L -c \, \ 0 .  C O)iJ.l�(i, 7J 7- 7
°
fl�vc)(;f (c.: L -c \, \ 0 2:: lCh;h G .  

4) (yjjiJ, G �{llti 0)9e�:!:JJi:1:$c;vi 60°-85° 

0) J:tfCT.lfflvct:d-=. I? ,  20-02 MLT #JlevC �\, '9£� 

ffiOC 0) iJi;h.iJtiJ;!iob G n 0 .  

5) :ttgfitt�l!ilbii. (geomagnetic pole) �r.:p1C,, 2::  Lt-: 85° tJm0)9e�iJiOCvt���vc{f1,,, .  

6) ][MFf:ljO)JM� ;:fJ /,-iJ;�< 11ttllti 0)$�p2£{tvc1*jL-C vi, Vi -? � I? Lt-:*stifuvi�GhtJ: 

1,, ,iJ;, J@lFf:lj{llijvc1*j L -c 1,, ,  x. vi, Je�iJiOCvt�iJ;z.,z,,�1,, , . '! t-=.][M, 04-06 MLT 0) 70°-80° 

O)iJiJJJ1< -c 1::: 7- 0)¥e1:J,JiOCtJ; r� < tJ: 0 .  

4. VLF 'J - -it - O)-J£!±il� 

fllIJZt 0) VLF 1::: 7- ;c t,;) (,-:)- 0 c [P]t}Hc L -C , VLF '/ - -+J- - O)jtg��ir-!OC 2:: �Ff:lj (MLT) vcx;f 

-t- 09e�Jl,JiOCO);r}:frr (m 17, 18 ?x�-C-�{a Lt-=. ISIS-2 % 155 JM�O)if-s*) �� 7 vc7F-t-. 

c 0) � 1 1; t
r
F o) c 2:: tJV/}iJ" 0. 

18 

D o·,. 

D o - 1s°lo 

D 1 s  - 30% 

• 30 - 100% 

"12 

24 

1 )  JB�tkJil!Hi 1::: 7- l I? {1£1,, , .  

� 7 :l:mttti�Ulif'1c3j c f$.,fJ)=.x1-t � VLF 'I - -tJ- -

IJ)9£4:_�� 
Fig 7. Polar plot of VLF saucer occw rence 

percent m the geomagnetic time and lat­
itude 

2) 1::: 7- c lnJ C < 11tillUvc9e�iJtoc o) � 1,,,�Ji:l.!!JtiJ;tb 0 iJ;, -tO)fiocv:t 1::: 7- 0)9e�i1t:l:$c; l I? z,i 

z., {1£ fl fit illU -c- 5 5 ° -7 5 ° K- {ft 11:--t 0 . 

3) 1::: 7- c 1nJ C < JEf.Ff:lj{llti 0) 75°-85° vc 'J - -tr - 0)9e�iJi:1:$c;iJ; 2b G (� 4 $MU . 

'J - -tr - 0)9e�ffiOCO)$i112£1tvt 1::: 7- l '? t � G vc/lffi�-c: , �$vc� <, ][$v-t��·w�vc{l£ 
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(/) 
w 
(/) 
(/) 

u. 
0 

1 515-2 

MONTH 

1 55 

lg] 8 ISIS-2 � -C fl<llU � n t� VLF '/ - -+t - !J) 

¥£1=.zPJt!Jt !J)�frjF£{1::. S !J) t. 7' r P 7 A 

vt ISIS-2 �-!J) J:l ,'iJJJJ131Hil:�, *4�!J)$51-

vt, 'l - -+t - 1.J� W!JtU�nt� tftJi!J)�'a:_'� 

-t. 
Fig. 8. Seasonal variation of occurrence number 

of VLF saucer emisswns. The unhatched 
histogram represents the monthly pass 
number of ISIS-2 whose VLF data were 
analyzed, while the hatched area represents 
the pass number when VLF saucer emis­
swns were observed on ISIS-2. 
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md1cates the number of passes when saucer em1ss10ns were observed on boa,d ISIS - I ,  
whzle the unhatched area indicates the total number of the ISIS- I  passe 1 w,ed {01 

data analysis 
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Frg. 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 3 x 10- 10 r2/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- 14r2/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) 
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