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VLF EMISSION OBSERVED AT ·SYOWA STATION IN 1969-1970 

-A REPORT OF THE SECTIONS OF AURORA AND 

GEOMAGNETISM OF THE WINTERING PATY OF 

THE 10TH JAPANESE ANTARCTIC RESEARCH 

EXPEDITION-

Kanji HAYASHI* 

Abstract 

This is a preliminary report of the sec­
tions of aurora and geomagnetism of the 
wintering party of the 10th Japanese Ant­
arctic Research Expedition in 1969-1970. 
Among various observations carried out in 
these sections, VLF emission phenomena are 
described especially. The report deals with 
detailed dynamic spectra of polar chorus at the 

time of ssc's and si's and frequency variations 
of polar chorus in these events. Close relation­
ship between low latitude magnetic micro­
pulsations, pc-2 and pc-3, and modulated 
patterns of polar chorus dynamic spectrum 
is also shown. Early morning VLF emission 
phenomenon "auroral chorus" is defined in 
relation to magnetic micropulsations, pulsa: 
ting aurorae, and negative geomagnetic bay 
events. 
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� 2 1315 s 0) rl3ivc$1H!r � n t-:. ssc 0) s � c , -t 0) c � 0) r -7· 0) 1J �, .:c. � . � � 3 /' 0) 1J � 

��--t t OJ--c-s IJ, ;t;-7 - ::i - 7 Ac ®:��JlOJs 0 r-7
°
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°
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mic spectrum) 0) -WU� �-t"*. � 5 a vi, l 969� 11 J3 26 B vc §e� Lt-: ssc vc J: 0 �-7J �, � 

b?5b-CHffi�vC�;bnt-:{JU--C'S Q. fJB:fD£:L'!f!O)j'j!H�t-=f-q=:1ifilvCjrr\,' San Juan OJ:i'!f!wl�7.K¥nlt 

:9-, fJB�£:L'!f!OJ:L'!f!wl�JiliHm, :L'!f!wl�7K¥nlt:9-:to J:: � VLF .:c. � ��a /'OJ 500Hz, 700Hz 
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�1 1969� 2 JI "-'1970� 2 }I 0) SSC 2:: VLF �� -r - 7° �c� 

Date UT I Tape I Remarks Date UT I Tape I Remarks 

1969 1969 
Feb. h m  Aug. h m  

10 20 24 0 No emission 15 11 56 No emission 
26 01 58 II 26 04 35 0 II 

27 03 07 0 II 26 21 35 0 II 

28 04 23 II Sept. 
Mar. 05 13 33 0 No emission 

01 08 46 0 No emission 14 15 18 0 Chorus triggered by ssc 
04 18 21 Chorus modulated by ssc 17 11 27 0 Chorus modulated by ssc 
05 09 29 0 II 27 21 25 Hiss triggered by ssc 
16 16 59 0 Chorus triggered by ssc 29 04 43 0 Chorus modulated by ssc 
17 00 30 0 No emission Oct. 
19 14 41 0 Chorus modulated by ssc 02 09 33 No emission 
19 18 13 Chorus triggered by ssc 09 16 39 Chorus triggered by ssc 
19 19 58 0 II 10 07 28 0 Chorus modulated by ssc 
23 10 12 0 Chorus modulated by ssc 18 20 29 0 Chorus triggered by ssc 
30 21 19 No emission 24 01 41 0 Chorus modulated by ssc 

Apr. 26 04 01 No emission 
12 20 46 .No emission Nov. 
13 17 12 II 08 17 30 0 
27 18 31 Chorus modulated by ssc 08 18 37 No emission 
28 02 52 0 II 10 04 50 II 

May 10 11 46 0 Chorus modulated by ssc 
02 13 22 Chorus triggered by ssc 22 02 54 No emission 
12 17 53 0 Chorus modulated by ssc 26 15 07 0 Chorus modulated by ssc 
14 19 29 0 Hiss triggered by ssc Dec. 
17 20 59 0 II 11 12 15 0 Chorus modulated by ssc 

1970 
June Jan. 

08 05 09 0 Chorus modulated by ssc 05 06 05 No emission 
14 00 38 0 No emission 16 08 18 0 II 

16 06 22 Chorus modulated by ssc 29 18 39 0 Chorus triggered by ssc 
23 04 09 0 No emission Feb. 
30 22 58 0 II 01 19 57 No emission 

July 
26 11 53 0 Chorus triggered by ssc 
30 07 50 No emission 
30 15 48 Chorus modulated by ssc 
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(a) 1969�ll)=J26B, 15h 07 

min UT (J) ssc vc .J: 0 �-
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'c'(J) SSC (J)�ft{t(J)�raJ(J)� 
n�r-;2of:P25 0 

(c) (a) c fqJ L 1iqijl��vc 
.J: Q 7'"' !7. r Iv (Jl!a ?E[�� 
1t.vca: §) 
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C
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Original 

before r�·. ·�. . 
SSC • • 

10: 10 • · •. .... . . 
. . . . . . . . 

after L .···· 
SSC • • 

10:20 • • • • • • 
• •

••• • 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 
kHz 

� 6 

(a) 1969::¥ 3 Jj 23 B, !Oh 12 

min UT O') SSC vc J: � �w 

(b) (a) vc[AJ C. J!::fj�ilZ! 5 

(c) vc[AJ C 

( C) (b) J: � ff '? f c_ 7-. � � r 

Jvl!rffi. SSC O')�O') fm�� 
00 ��. ffiffl��K�§ 

(b) 

.1 .2 

(c) 

Reduced 

f .... � 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 
kHz 



No. 40 .. 1971 J 43 

··cO)mJHiOCO)t§�gc@iJ�s)E�--C ct> 0 . � 5 b r:. v:tjqj t:�K.m�� vi*' � IJ O)gc�tt vc:lfum 

�Jl/RifJ C lkHz O)mJ\!.5ilOCiJ�#t-ic� h --c \, '  0 iJ� ' SSC O) ��vi ' VLF .:c. � ')' '/ 3 '/ O)J.jvc 

nB20f])�oc!r- < mnn --c 1. , 0 -=  c il�J! Gn 0 .  "i t-::� s c vi , � vi 1J jqJ t:�O)m�O)��i� 

ffivc J: 0 ffiWtJ: ?- ""- !l  J- 11,,�ft,�ffi-t t O) -c:- ,  ssc O) ��a c c t vc!ffi�tJ:00��1:'1- , �.:¥ 

tm-c-m� O)�j,'vCt§�-t- 0 c -:: 6 -c:-O) ,R'ij��T�il� � IJ J: :dCJ!�vt Gh0 . � 6 a , � 6 . 

b vi l9691J:. 3 }123 s 0) ssc vc "':) \,  , --c  0) 3r 1 -r � ; !1 7' ""- !l  r 11,, -c:- ,  oo��J:� O)tJrvi � G 

vc vi "'.) � IJ L --c 1, , 0 .  Lil� L tJ: il� G:!iz:Jtt.:c. * 11,, =¥ - vi , ssc 0) 1ivc tr L6�& L --c 1, ,  0 C �  

6 c) . -= n vi m�u; 0) P:VtuFTtE O);.R'\:I� �!J9:,r:t � � m-t 0 �,�� ffi-t t 0) c m� -c- � 0 . � 7 

a, � 7 b vi si- O)���ffi-t t 0) c' , si- vc J: 0 m�O)�ji:tJ:�j! c ,  t-tvc � 7 b ,::Pc'J! G 

h 0 {f1, ,.ffiijYBl� (250 ,  300Hz) -c:-0)5itOC�1JP , -ttJ:b 'bOO��O) �Yil�� IJ J: 5 vcfil[� � 

n t.: c J! --c J: 1, , tC: 6 5 . � 7 a vc "':) 1, , --c vi , si- 0) 1f-vc l l h 46min vc SSC iJ�913� L --c 1, ,  0 iJ� , 

-:: -:: -c:-vi.:c. � ')' '/ 3 '/ilq� x. --c 1. , 0 . -:: ;h,vi{9U1f-s".JfJ: 1YUc' , 30MHz O) V :;t ,,( - � -*vc J:  

hvi ,  nB 2dB �OCO) f!&JR�il�J! Gh 0 -:: c ��- L--C ,  ?J(O) J: 5 vcm �-c-� -t" ? c'c5 0 ,  

SSC vc J: IJ s I � � -::  � h td�ftr� T O)�j(vc J: IJ , mWJl�J!&.J.[x 'f*�O):t�::kiJ�� -:: IJ , �J.j .:c. 

- �  ')' -;,, 3 '/ 0) 00¥lsl�ii�l!&.J.lx 'f*�O) J: IJ ::k� 1, ,  rWiJ 1, , OO��vc�fi L k -:.  c il�tEltm "'.) --C ,  g&Jl>[.O) 

�*n;*gi" < tJ: -:> ic. t.:?i:> -c:-s 0 . "i tc. 10h 30min,....,55min � J:  < J! 0  c ,  OO;Ml5f]),...._,4Qf]) 

� 7(a) 1969�1 1Jl l0 B si- r:: . .J: Q��-WU 



44 

700 

1 1 00 st 

10 NOV. 1969 

si1 140 1200 UT. 

� 7(b) [Z1 7  (a) ve in] L.  �::tf vi!Zl 5(c) ve in] L.  250, 300Hz O)�Iui.l�, 

! Oh 30min---....,55min 0) pc-2, pc -3 mf§Hc a: §  

(pc-2 , pc-3) c � hoo t l < xtJ;t;-t 0 .:i:. � 'Y '/ a :/ Cl) -=e :) ::z. v - '/ a / i.7�5! Gh 6 .  ti!!� 

� c VLFC7)�}J!U±ih,�i7:� 5 Cl) C', ;:. .fl� t c vc=�C7)3j'L®tC7){�}jjfJ!tC7)��� t 0 ;:  c vCvi 

Fr:r5�i7:i:> 0 17: , j;- ts: < c t  .:i:. � 'Y '/ a :/ Cl) -=e :) ::z. v - '/ a / / � !7 - :/ Cl) jji.J�!l*ibvc71cfr Lt 

1., , 0 CfJRf1J£:fmCl)Jl*lvC7) 7' - !7 - c Jt®l L k�vc t mi�ts:atr1=1,�i.J�J! G.:h 0 JU t J! �i.7� -':) t 

1., , 0 ) .  ;: ;n G vt ,  ±ih�5<1.Jl*lvC7)�i.J� , �' ts: < t t .:i:. �  y '/ 3 :/ Cl)9e{t�J:1:gx;� :i :/ 7
°
V y '/ 

a -r ;i., CJs 0 1., , v-;t 7 1  'J 1-- P l::° � )  ts: -=e - ncJli1., ,M --e;m3® Lt: ;:  c ��-t c �x. G.:h6 . 

-:: Cl)ffl,�vt ,  -:: C7)fjC7)tfil��Jl*lvC7)9e{t�l:t� , 9e{t�tt��x. 0 ±vc �hoot �*�1., , i.J� ,  

Mtfri.7�+5tvciig1i.., --c-1., , ts: 1., , ;:  c t  Js 9 , 4-@ vi -:: .:h�±:v:'b A G ts: 1., , . � 8 vi ssc vc l 9 , 

19 20 21 

2015 
SSC 

22 U.T. 18 OCT. 1969 

H 

dB 

VLF 700Hz 

2045 2000 



No. 40. 1 971 J 45 

;f; - 7 - ::z - 7 ;q j�iJ��� � ;ht:{JUc'S 0 .  � (!) {JU vi , EEffl � ht-:m�� 7
°
7 A' � i]� ,  

.:r:. � 'Y '/ 3 '/�Je:1: L £  \, , ;jjUR.vc. tJ: Q � C �Hm�vc.ff,;--t t (l) c'S � , .:r:. � 'Y '/ 3 '/ (l)�:1:.� 

W c Lc , ffl�(l)� 1 ? P r P '/�*�tt� ��-t- 0 t (l) �s 0 .  �@ffl Ght-:m�r - �  

!c�(l)11}:1:fglftfrvc. J: � , ;t; ;__ 7 - :i - 7 7,. vc. 0 \, ,  c ,  mtE i --c· vc. §J1 GtJ,. vc. tJ: ··:> f-: ,B vi , tUIH 

tJ: !i'1 -J- � y ? 7-.� ? r 1viJ�Wob cffi G h ,  ssc � si vc.xti"" 0 J;t� c L c , A, i c·�§J3?itc' 

S 0 k,B , !J9:vc.si- (l)� (l) )WJi3l��j,'tJ: c' iJ� . �j::1Mvc. §J1?itvc. tJ: 0 t-: � c ,  pc-2, pc-3 *(!){� 

*l'Jljfgm�Mtiw c xtrc::(l) � \, , .:r:. � 'Y '/ 3 '/ (!) .:f:- 'i .:1. v - '/ a '/iJ�JtfttJ,.  0 t-= � c tJ: c' �}> 0 .  

3. 3. ,t- C 7 ::J - 7 A  

§13vt:15:ilr < vc. tJ: 0 L ,  :t" - P 7 iJ� 7'' I/ 1 ? 7 'Y 7
°
-t" 0 c ,  k(l)�� t �i*(l) i t.: G( .... � 'Y T ) 

iJ� . � c  Lc i t-:t-: � tJ:iJ� G*JJ""'-� 0 c � < . � (l) i t-:t-: < ;t- - P  7 ( r� J]., -t � T -{  '/ ?'' 

..,.!:. ,y T )  c J: < xtrc::--t Q VLF .:r:. � 'Y '/ a '/ tJ�iUJ!ti � n Q .  :t- - p 7 vc.ff ::i :i - 7 7,. � 1 7· 

(l) .:r:. � y '/' a '/ vC.0\, , c vi ,  BARTON et al. (1933) iJ� New Hampshire c·�fflilUJlti�fi 

tJ: 0 c \, ,  t-:� vc. , 7 =J 'Y '/ '/ ?'' :t- - P =J c )(;j-J;t(l) S 0 .:r:. � 'Y '/ a '/ �tialti L ts: c \, ,  ? $1H�-iJ� 

:l:Wc·s 0 .  k(l)� RENARD (1961 ) iJ� Kerguelen c' 7 v 1 � '/ ?''S Q \,  ' Vi 7 7 y -y '/ 

f ;t- - P 7 c ,  UNGSTRUP ( 1 966) iJ� , Fairbanks c· 7 9 ,y -JJ - 9 '/ ;l;t- - P 7 c MJ;ti"" 0 

::z - 7 7,. � 1 7
° 
(!) .:r:. � 'Y '/ 3 '/ {l)fttE�rnmn L L \, \ Q .  i k MoROZUMI (1966) (!) q:t c·Jltt 

"" Gh c \, ,  0 N3 event t l'qJ t. J: 0 tJ::m�--c-s 6 0 .  

� (!) J: 0 tJ: ::z - =J 7-. m�vi , :t- - P =J }> 0 \, ,  vi polar substor '(l) Je:1:. c re�vc.'*1Ji L c 

\, ,  Q ,B , � G vc. 7-. � ? r ;t, -�J:(l)J;�iJ ;  G t , ;f; - 7 - ::z - 7 7-. c vi.%. L L �X. tS:JJiJ� J: 

\, , J:: �;z_ Q .  ;t" - P  7 ::z - 7 7-. vi ,  {'J((l) J: ?  fJ:o/f���-t- Q .  

1 )  §.13 vtJJvc.� Gh Q :t° - P =J c ... � 1v -t - r ,r '/ ?''_.,!:, y T ) vc.{f\, 'Je:1:.i"" 0 *iJ��\, , .  

2) pi-1 :Jr1jfgm�H*ib c l'qj�vc. mnn 0 .  

3) �JJ(l)j{gm��%�ib c:r:. n'·r ,f 7·-� 1 )  (l) @fiMvc. � < mnn 0 .  

4) �--1 -J- � 'Y ? 7-. � ?  r 1v � � Q  c ,  .:::fi:(l)lt�tJ:�FJ:39Rlli7�� Gh Q .  i fffiffii7" < � 
0 c ,  0. 3--0. l�(l)�p'ffivC.;i!\, ,J:�W� (riser) �� L ,  khiJ� 5 f!J;f*jj'f-(l)ff� tJ: L ,  � G 

vc.k;n G (l)ffvi, lO�f*Jj'f-(l) tBmmJM��i"" 0 ( � 9 a , � 9 b)*. i t-: .::. h G (l)  riser Uvi� 

f1c39 c c. t vc. r' Y 7 r 7 y 7
°
L -c vg:i < C � 9 c) . s:: O)�f1c39vx:R < -c30:5t <" G \, , c·� Q .  

UNosTRUP (1966) vc. J: 0 :t- � o 7 ::z � 7 ;z. c li[hh 0 :§Jl�(l)��vi. � h o-b e  i n tJ: i (!) 

--r: }>  0 c � h  c \, ,  Q tJ� , � 2 (l)@Utvc.mn.nt-: tBm s tllvxso B --c- , i htJ:1YIJ c vt� tJ:-ltfJ: \, , 



46 

(a) 

� 9 (a) , (b) , (c) 
;:tl- - µ '7 ::z - '7 ;t.. 0) 3(1 :r � v :;1 

7,. ....:...  :;! )-, Iv 

** 

(b) 



No. 40. 1971) 

� 22 u.r. - ·2r· -· .. ·-·-0'!_ ___ _3: ___ �J..e __ __,,o;3_····-·-· -- -�--��os - ·  · · 06 
. . .. ···-- -·-· -· ;--

H 

�I 

20 JUN 1969 
�i-2 

--1..... �--�::-=--:---==,--­
... ,,,,,,, . ..  , 1  

-=---

pc-5 --=:::::,.,__ 
!I' f @! Lll .. fkcta t..'P' 

_s_KH_z __ 7N,uroral hiss =:::::;_ ... 
0.7KHz 

, t ' 

-+ ., I I • 

(a) 

T ...I : :p= 

21JUN 1969 

� === ........... ··.;;'i:::::::=-.:_ __ _:_ __ __:_ ____ • '-I -.,rr-= 
.auroral.hiss� 

auroral chorus 
-L-

� , ..... 
�tlng �ra�---------/ 

_________ _.. 
(b) 

� 1 0(a) , (b) ffi���� (1:iJ• l:;>j{gwj�J.Kfn\(;,t, :J:tgwj�Jl*i!J, VLF 8kHz, VLF 700Hz, 
�JJHY&J'c:%U!t) c M'Bour, San Juan, Leirvogur, Great Whale River O)j(glitt 
�7.Kfnxi?J-

47 



48 

J:: 5 vc.�x. 0 . t � 6  A.,*lJlO)�l , vc J:: 0 -:  c t �*- Gh o h� , :;;t- - i:i 5 ::z - 5 7' 0)5iJlh; 

�� < C ;t; - 5 - ::z - 5 7-. v.::.Jt-"' 1/10 tJ, r) , 3'.e�Jl=/j:i1=1jh;�i Gh -c l ,  0 -:  c t.r. l::' vc J:: iJ , JUi 

c � :hh; � vc tJ:. --:i f.:O) c' vt tJ: iJ:.  6 5 iJ ; .  � 10 a , � lO b  vcf!Bf1J£t-fuc'O)ffi�t2�� c ::ft 

��c'viaf> 0 h; AEJ O)ti5f}Jll'1:Jo 0 0) vc&f� c ,[th:h 0 fl tf!U ,B (M'Bour, San Juan, 

Leirvogur, Great Whale River) O) :l.'t!Hitt�1](-i2nlt:5)-0)g2�'1:'�-"'k: .  -: O) �vc vtf!Bf1J£:lm 

#JLi:O)fzO)ffl,*iJ;��1¥Jvcffl,v:h -c l ,-c ,  -: 0) $ c'J:� O) :;;t- - i:i 5 ::z - 5 7' O)tt� 1 ),2),3) 

h;�£vc1iiiJ:.6b G:h 0 . l }-..,3) 0)%JJvt , -1:- ;v 7  ::t i:i :) - 1¥Jvc § --:i -C , :;;t- - i:i 5 ::z - 5  7-. h; 

-tt 7''7,. J-- - A O)if.a* c L -c1: r, 0 t 0) c' , Lh"  t fmO)ffl,*iJ;-l- 5 }�,n:h -c l ,  0 J:: 5 vc�:1JO) 

� l,  .:i:. v � J-- i:i Y .:�nc J:: 0 -: c '1:- }�,n--lt 0 . � 10  a , � 10 b t ffi::Ytm 0) f!Bf1J£t-fu J:: iJ , -'t' 

-'t'a=/j:j1=1jO)�;htd-fu:1]c''A:Q � t-.: :;;t- - i:i 5 ti§ti)vc J:: iJ 3'.e1: L t-.:� .:i:. :t- ;v =¥' - fflr�h;HVif1itt�*l 

JlKfil --:i t-: f 9 7 J-- �tiJ'1:' fi� 5 c � ,  cb 0 �ootii��ffl�SB�£:rm'1:'3i 0 mn•-1:� , .:i:. 

� 'Y '/ 3 Y'1:'3'.e1:-t 0 C l \ ? moo'1:'nJt� vc-r 0 .  

4 . � c iJ� � 

WftlriJ;--t:5)-vCjiA., c'l ' tJ: l ,mfr ,  � < '1:-�-"' GhtJ:iJ :.  --:i f_:;o; , :;;t- - i:i 7 l:: 7' vc ":) l ' -C 8 x. 
vf ,  275kHz c' t m*h;!i� � :hf-: ,:. c ,  80Hz O) g2�c' l 969�l l }j26 18 0) SSC O)� , 'ffi 

a=/j:O) 20dB J[rl , V � )V J:'.ff-iJU! Gh ,  : ;t; - 5 - ::z - 5 .i 0) mJY&:t5CiJ;J:'.ff- Lt-.: -=.  '1: '1:-�El-r 0 

c ,  friJh :..5JIJO)ffl,*'1:� x. o �,�iJ;cb 0 0) c' vtt,n ' iO"  c � x. -C l , 0 .  i t-.: i x.h.; � vc t �-"'t-= 

h; , :tmJ:fltf!IJO):&'!UiJ;�Jf L":)":)Jf> iJ ,  -l- '.5  l '  5 �9*c'trf'iJ:. Ll ,;tftfl�vccb 0:!lt1:,  -l°O)JE 

'ffi·l>i , 5£,B'l>i , cb 0 l ,  vt�,B 1t� 0) nJf[�,1>1 c l ,  5 fiJ,B '1:- l , iJ :. vc1:_;a"'"f-"' � n:. vcv:) l ,-c , :i@i:m­

tJ:.J!3i L'1:'3'L-c 0 -"' < $¥u:t.r.�J!O)�'A:97J��,�h" c }[thh o . 

� IJ· vc ,  wmu�M1nccb t-= 1J ,  cb G � 0 00-c, .-::'mn l , t-:tc. � i LtdtlO���wr.�0)-grtl ,  

t.r. G r.nc$-OmN�!c, .-::':r�2!Jl , f-:tc. l  , f-.:JfUX::k$�$Wt-m�!Jefo�$7iJf§'E��:to J:: rf:tm:St!Jefo�$ 

�'.¥:0)-grf*VC��jz L i  '"f .  

BuRTON, E .  T. and K M .  BoRDMAN (1 933) : Audio-frequency atmospherics. Proc. Inst. Rad_io Engrs, 
21, 14 76-1494. 

HAYASHI, K., S. KOKUBUN and T. OouTI (1 968) : Polar chorus emission and worldwide geomagnetic 
variation. Rep. Ionos. Space Res. Japan, 22, 149-160. 

HAYASHI, K., S. KOKUBUN and T. 0GUTI(1968) : Solar flare effect on VLF t::horus. Rep. Ionos. 
Space Res. Japan, 22, 285-287. 



No. 40. 197 1) 49 

00?3- :fil:(1970) : VLF emission c �;iiffl,�. 3JH_vf-;,, ':I' ;3-; � '7 A�oit� I f.lo�Jl)tl!jj'O) .:r.  7 P / � -J, 
19-32. 

KOKUBUN, S., K. HAYASHI and T. OouT1(1969) : VLF emission study at Syowa Station, Antarctica, 
polar chorus emission and worldwide geomagnetic variation. JARE, Sci. Rep., Ser. A, No. 6. 

MoROZUMI, H. M.(1965) : Enhancement of VLF chorus and ULF at the time of SC. Rep. Ionos. 

Space Res. Japan, 15, 371-374. 

MoRozuMI, H. M. and R. A. HELLIWELL(l966) : A correlation study of diurnal variation of upper 

atmospheric phenomena in the southern auroral zone. Rep. No. SEL-66-1 24, Radioscience Lab., 

Stanford Electric Lab., Stanford Univ., Stanford, Calif. 

N1sHINO, M. and Y. TANAKA(1969) : Polarlization and arriving direction of VLF emissions. 
JARE, Sci. Rep., Ser. A, No. 7. 

RENARD, C.(1961) : Variations diurnes et cycliques de l'intensite des bruits radioelectriques naturels 

de tres basses frequences. Compt. Rend�, 252, 1365-1367. 

UNGSTR.UP, E. and L. M. )ACKEROTT(I'963) : Observation of chorus bellow 1500 cycles par second 
at Godhavn, Greenland from July. 1957 to December 1961 . J. Geophes. Res., 68, 2141-2146. 

UNGSTR.UP, E.'(1966) : Association between VLF emissions and flickering aurora. J. Geophys. Res •• 
71, 2395--2396. 

CPB�46i¥- 1 Jl s a �31) 


