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Observation of VLF Emissions at Syowa Station 1n 1970-1971 

II. Spectral Structure of Quasi-Periodic VLF Emissions 

Natsuo SATO and Hiroshi FUKUNISHI* 
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1. Introduction 

VLF emissions modulated with fairly regular periods longer than the two-hop 

whistler group delay have been called the quasi-periodic (QP) VLF emissions 

(E-IELLIWELL, 1965). Such VLF emissions are generally observed in the daytime at 

high and middle latitudes (CARSON et al., 1965; KITAMURA et al., 1969; KOKUBUN, 

1971). The period of the quasi-periodic VLF emissions ranges from 10 s to 2 min, 

but QP emissions with periods from 20 to 30 s are most often observed at high 

latitudes (EGELAND, 1965; KITAMURA et al., 1969). KITAMURA et al. (1969) found 

that quasi-periodic VLF emissions are classified into two types on the basis of 

spectral structure and associated geomagnetic micropulsation (GP) activity, i. e., 

the first type is a quasi-periodic VLF emission associated with geomagnetic pulsa

tions (GP-associated QP's) and the second type is an emission without any corre

sponding geomagnetic pulsations or with a period different from that of correspond-
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ing geomagnetic pulsations (QP's not associated with GP activity). They have 

shown that the spectrum of GP-associated QP's is characterized by a diffuse struc

ture and the upper frequency limit of the emission band often fluctuates, synchro

nously with a change in the signal strength, whereas the spectrum of QP's not as

sociated with GP activity comprises regularly spaced rising frequency segments. 

This paper is a preliminary report concerning the quasi-periodic VLF emissions 

observed at Syowa Station (corrected geomagnetic lat. -66. 7°, long. 72. 5° ; L= 

6. 4) in Antarctica. The characteristics of the two types of QP emissions, which 

were classified by KITAMURA et al. (1969), are examind statistically first. Then, the 

spectral structure is discussed in detail through the spectral analysis of the con

tinuous magnetic tape records of VLF emissions. The relationship between the 

occurrence of QP emissions and the worldwide geomagnetic change also is inves

tigated. 

2. Instrumentation 

A block diagram of the instruments for the observation of VLF em1ss10ns m 

the frequency range 0. 2-5 kHz is shown in Fig. 1 (For the technical detail of the 

instruments, see HAYASHI, 1972) . The VLF signals detected by a loop antenna with 

an effective area of 400 m2 were amplified by means of a low-noise preamplifier 

and a main amplifier, whose gains are about 68 and 98 dB, respectively, and the 

output signals were recorded with several equipments. In these records, the mag

netic tape records and the records of VLF emission signal strengths in 5 filtered 

frequency bands (0. 5, 0. 7, 1. 0, 1. 5 and 2. 0 kHz) are mainly utilized for the pres

ent analysis. 

The tape recorder was continuously operated from February 1970 to February 

1971 except the period when QP emissions were not observed. The total recording 

time during this period was about 5,200 hours. From these magnetic tape records, 

frequency-time spectra of VLF emissions in the frequency range 0. 2-5 kHz were 

produced on 35 mm film by means of a Rayspan spectrum analyzer. 

Fig. I. A block diagram of the obser

vation system for VLF emissions 

in the frequency range 0. 2-5 

kHz. 
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On the other hand, geomagnetic micropulsations were detected by a three

component induction magnetometer, and the output signals were recorded by a 

PWM data recorder and a scratchfilm recorder. The X- and Y-components of 

pulsations and the VLF emission signal strengths were also simultaneously recorded 

by a 6 channel pen recorder to investigate the correlation between quasi-periodic 

VLF emissions and geomagnetic pulsations. 

3. Diurnal Variations of Occurrence and Period of Quasi

Periodic (QP) VLF Emissions 

The diurnal variation of quasi-periodic VLF emission occurrence at Syowa 

Station from February 16, 1970 to February 16, 1971 is shown in Fig. 2. Most QP 

emissions were observed on the dayside with a maximum occurrence around noon. 

This tendency is in agreement with the diurnal variation of polar chorus emission 

occurrence reported by UNGSTRUP and jACKEROTT (1963) and HAYASHI and KOKU

BUN (1971 ). However, if the statistics of the occurrence is taken for each type of 

QP emissions, i. e., GP-associated QP's (type 1) and QP's not associated with GP 

activity (type 2), the diurnal variation pattern is a little different from that shown 

in Fig. 2. Fig. 3 illustrates the percentage of the occurrence of the second type 

QP's against the occurrence of the first type QP's as a function of geomagnetic 

local time. It is noticeable that the percentage of occurrence of the second type 

QP emissions increases greatly after 1400 GL T. That is, GP-associated QP's are 

most frequently observed from the morning to the afternoon, whereas the appear

ance of QP's not associated with GP activity is dominant in the evening hours. 

,n 

a: 
u; 
=> 
u 

80 

o 60 

Fig. 2. Diurnal variation of occurrence of quasi
periodic VLF emissions observed from Feb
ruary 16, 1970 to February 16, 1971 at 
Syowa Station. When QP emissions are ob
served in a one-hour interval, that time in
terval is counted as an event. 

Fig. 3. Percentage of occurrence of QP's not as
sociated with GP activity azainst occurrence 
of GP-associated QP's as a function oj 
geomagnetic local time. 
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The frequency range of the observed QP emissions was about 0. 3-1. 5 kHz, 

which is the same as that of polar chorus emissions observed at Syowa Station. 

Fig. 4 indicates the occurrence that QP emissions in the frequency range higher 

than I. 5 kHz was seldom. The periods of most QP emissions range from 20 to 60 

s. The diurnal variations for the periods are illustrated in Figs. 5 and 6 for each 

type of QP's. It may be evident that the period tends to increase gradually from 

the morning to the evening. This tendency is more.,.markedly observed for the GP-
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Fig. 4. Diurnal variation of occurrence of QP emissions observed from February 16, 1970 to 

February 16, 1971 at Syowa Station. The statistics of the occurrence was taken for 

each frequency band centered at 0. 5, 0. 7, 1. 0, 1. 5 and 2. 0 kHz. 
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Fig. 5. Diurnal variation of period of GP-associated 

QP's observed from February 16, f1970 to 

February 16, 1971 at Syowa Station. 

Fig. 6. Diurnal variation of period of QP's not 

associated with GP activity, which were ob

served from February 16, 1970 to February 

16, 1971 at Syowa Station. 
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associated QP's in Fig. 5. 

As for the dependence of the occurrence on magnetic activity, it 1s concluded 

that QP emissions were generally observed at Syowa Station in the recovery phase 

of a magnetic storm. The Kp-dependence of the occurrence is shown in Fig. 7. It 

is found that GP-associated QP's have a maximum occurrence in the period of low 

magnetic activity of 20�Kp�3-, while the appearance of QP's not associated with 

GP's is dominant when the me,gnetic activity is the most quiet, i. e., l 0�Kp�2-. 

4. Spectral Structure of Quasi-Periodic (QP) VLF Emissions 

Durations of the QP events observed at Syowa Station were in the range from 

a few minutes to several hours. The spectral structure of QP emissions considerably 

varies in these durations. Examples of the dynamic spectra of QP's from the onset 

to the end of the events, whose durations were about 1-4 hours, are illustrated in 

Appendix I. 

Typical examples of the frequency-time spectra of GP-associated QP's and QP's 

not associated with GP activity are shown in Figs. 8-11 and Figs. 12-15, respec

tively. The simultaneous records of geomagnetic pulsations and VLF emission 

signal strengths in the frequency bands centered at 0. 5, 0. 7 and 1. 0 kHz are illus

trated also in these figures. The spectrum of GP-associated QP's generally has a 

diffuse structure, and the quasi-periodic variations of the emission strengths are 

often accompanied by a synchronous fluctuation of the upper frequency limit of 

emissions (Figs. 8 a, b and 9). These spectral features have been already pointed 

out by KITAMURA et al. (1969). However, a rise of the emission frequency during 

a quasi-period is sometimes observed (Figs. 10 and 11). This spectral structure is 

similar to the spectrum of QP's not associated with GP activity, but the emissions 

are well synchronized by the geomagnetic pulsations so that the time interval be-

Fig. 7. Kp dependence o f  occurrence of (a) 
GP-associated QP's and (b) QP's not 

associated with GP activity. 
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Fig. B(a). Example of a GP-associated QP emission with a period oj about 50 seconds. A 

distinct one-to-one correspondence can be seen between QP emission and geomagnetic 

pulsation. 

I 

1124UT 25 
r 

26min 
Fig. B(b). Fine structure of a frequency-time spectrum of the QP emission which is shown in 

Fig. 8 (a). It is found that the spectrum of the emission has a diffuse structure and 

the quasi-periodic variation of the emission intensity is accompanied by a synchronous 

modulation of the upper frequency limit of the emission. 
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Fig. 9. Example of a GP-associated QP emission with a period of about 30 seconds. The 

simultaneous onset and cessation of QP emission and geomagnetic pulsation are noticed 

in the time interval 1256-1300 UT. 
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Mag.pulsation 

0.7 kHz VLF 

1 kHz VLF 

o-
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1230UT 

I 
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Fig. JO. Example of a GP-associated QP emission with a period of about 24 seconds. The 

QP modulation of VLF emission began at 1228 UT simultaneously with the onset o; 

geomagnetic pulsation, but the VLF emission activity had been already enhanced before 

1228 UT. 

Mag- pulSc1tion 

0·7 kHz VLF 

1 kHz VLF 

1 56UT 1200 02min 

Fzg. 11. Example of a GP-associated QP event. The time interval between segments is fairly 

irregular, ranging from 20 to 60 seconds. 

tween rising segments is fairly irregular in contrast with that of QP's not associated 

with GP's. The simultaneous onset and cessation of QP's and GP's were often 

observed, suggesting a close relation between the generation mechanisms of both 

the phenomena. Figs. 9 and 10 are typical examples of such events. 

On the other hand, the spectrum of QP's not associated with GP activity con

sists of regularly spaced risers (Figs. 12-15). The spectral structure of risers is dif

fuse (Fig. 15 b) or it is a superposition of diffused noises and discrete emissions 



No. 46. 1973] Observation of VLF Emissions at Syowa Station in 1970-1971. II. 23 

(Fig. 12 b) . The time interval between discrete emissions is about 2-4 seconds, and 

this period is comparable to the two-hop whistler group delay time. 

Mag . Pu l sat i on 

1 000 Hz Em i ss i on 

M AY. 3 1 , 1 9 7 1 

I 

2 0 min  

Fig. 12(a). Example of a QP event without any corresponding geomagnetic pulsation. The 

beriod of the QP emission is about 40 seconds. 

2-5kl-il--

1849:QOUT 

M a.Y, 3 1 �J 9 7J 

30sec 
I 

1850:00 
Fig. 12(b). Fine structure of a frequency-time spectrum of the QP emission which is shown in 

Fig. 12 (a). A rising segment comprises superposition of diffuse noise and discrete 

emissions. 
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Fig. 13. Example of a QP event without any corresponding geomagnetic pulsation. The period 

of the QP emission is about 20 seconds. 
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Mag·pulsat ion 
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1 73 6 U T  

Natsuo SATO and Hiroshi FuKUNISHI 

I 
45 m i n  

1 
50 

Fig. 14. Example of a QP event without any corresponding geomagnetic pulsation. It is found 

that the periodic emissions with a period of 5 seconds �are quasi-periodically modulated 

with a period of about 36 seconds, resulting in the risers. The variation in the slope 

of the risers also can be seen in this spectrum. 

1 k Hz V L F 

2 k Hz 

0 I I I I 

06 1 5 1 0 U T  1 5 m i n  2 0  

Fig. 15(a). Example of a QP event with a period different from that of accompanying geomag

netic pulsation. The period of QP emission is about 52 seconds. 

0 - B 

1507UT 08 1 0m in  
Fig. 15( b). Fine structure of a frequency-time spectrum of the QP emission which is shown in 

Fig. 15 (a) . The rising segments consist of diffuse noises. 
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5. Occurrences of Quasi-Periodic (QP) VLF Emissions Associated 

with a Worldwide Geomagnetic: Change 

25 

When the amplitude of geomagnetic pulsations associated with QP em1ss1ons 

is large at Syowa Station, the corresponding geomagnetic pulsations are observed 

at middle and low latitudes also. Fig. 16 is an example showing a good correla

tion between the QP emissions observed at Syowa Station in  the auroral zone and 

the geomagnetic pulsations at San Juan (geomagnetic lat. 29. 9 °, long. 3. 2°) at low 

latitude. The GP-QP association is most distinct in 1:he time intervals 1134-1143 
UT and 1210-1220 UT. Fig. 17 is another example of the GP-associated QP's. 

The GP-QP association is remarkable between 1255 and 1300 UT. 

In addition to the VLF emission modulation related to the rapid geomagnetic 

pulsations of 20-60 seconds in period, the fluctuation of the VLF emission intensity 

associated with the slowly varying geomagnetic H component was often observed. 

Fig. 18 shows that the intensity of both the background emissions and the QP 

emissions increased, in association with the worldwide increase in the geomagnetic 

H component, which can be considered to result from compression of the magneto

sphere. Such a relationship can be seen in Fig. 16 also. It may be evident that 

the background emission intensity rises when the H component increases, and vice 

versa. The increase in the polar chorus emission intensity accompanied by a sudden 

compression of the magnetosphere such as ssc's and positive si's has been=:.already 

San J uan 
Pulsat io n  

Syowa 
V L F  

MAR . 3  , 1 970  

1 1  
m#_� 10 �  

, , . . ·. · . . . . . .  · 2kHz 

I I 
1 1  30UT  

r 
40 

I . ·r 
50 m i n  

==,�����;=:==������! ��-o 
20 12 50 

Fig. 16. Example of a close correlation between the QP emission observed at Syowa Station 

in the auroral zone and the geomagnetic pulsation at San Juan at low latitude. 
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12 50UT 
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I 

55  1 300 05 
' 
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Fig. 17. Example of a QP emission correlated with geomagnetic pulsations which were observed 

at Syowa Station and Great Whale River in the auroral Zone and also at San Juan at 

low latitude. 

reported by MoROZUMI (1965) and HAYASHI et al. (1968) . Fig. 19 shows that the 

sudden enhancement of the QP emission intensity occurred after a positive si at 

1507 UT, whereas the emission intensity rapidly decreased after negative si's at 

1440 UT and 1545 UT. An example of the occurrence of the QP emissions just 

after ssc is given in Fig. 20. 

6. Discussion 

The quasi-periodic VLF emissions with the same period as that of the geomag

netic pulsations were observed on moderately quiet days at Syowa Station in the 
auroral zone. The simultaneous onset and cessation of the QP emissions and the 

geomagnetic pulsations were often observed (Figs. 9 and 10). Moreover, it is shown 

in Section 5 that the intensities of the QP's and the bockground VLF emissions 

rise after ssc's and si's and also during the gradual worldwide increase in the 

geomagnetic H component, all of which are thought to be generated by compres

sion of the magnetosphere. Therefore, it will be possible that the QP emissions are 

generated by modulation of VLF emission source due to compressional Alfven 
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Fig. 18. Enhancement of the intensity of  both the background emission and the QP emission, 
corresponding to the worldwide increase in the geomagnetic H component. 
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mode (R mode) waves. The same idea has already been suggested by KOKUBUN 

(1971)  and HAYASHI (1972) . 

On the other hand, the QP's not associated with geomagnetic pulsation activity 

were observed on most quiet days at Syowa Station. The occurrences of emissions 

of this type are dominant in the evening region. The L value of Syowa Station 

is 6. 4 so that the geomagnetic field lines connected to the station are considered 

to enter into the plasmasphere bulge in this local-time region on quiet days. The 



28 Natsuo SATO and Hiroshi FuKUNISHI 
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Fig. 19. Example of the appearance and the disappearance of QP emissions just after the 
positive and negative si's. 

Pulsat ion 

0.7 k H z  

2-5 k HZ-

Fig. 20. Example of the occurrence of the QP emission just afte; ssc at 1122 UT. 

spectral structure comprises regularly spaced risers, · the structure being well 
similar to that of QP emissions observed at middle latitudes (CARSON et al., 1965). 

Therefore; QP's of this type may be generated inside the plasmapause. However, 
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the explanation for the periodicity of the emissions is still unknown. 

this subject is in progress. 
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Appendix I 

The frequency-time spectra of QP emissions are continuously shown from the 

onset to the end of the event. The events on May 2, 1970 and January 19, 1 971  

are examples of the GP-associated QP emissions, whereas the events on April 1-2, 

1970 and May 31 , 1 971 are examples of the QP emissions not associated with geo

magnetic pulsations. In the event on April 1 ,  1 970, a sudden enhancement of back

ground VLF emissions after 0852 UT was induced by a positive si. 



No. 46;' 1973] Observation of VLF' E�is�i�ns . at 'syowa Station in 1970-1971. II .  

0. 
i:--.. 
u) 

C C C c: C 
N 

E E E E E 
>, 00 d - LO  

N 0 

I 
V 

LO I- I- I-N ::) 
::) ::) 

0 
0 0 

0 .-- (Y") 

-

31 

C 

E 
co ....:r 

I-
::) 
0 ....:r 



I 
1 1 5 0 U T  

I 
1 200 

0 

I 
12 2 0  

I 
1 2 30  

I 

I 

I 

5 2  

I i 

0 2 

12 

I 

2 2  

I 

3 2  

,. 

54  

. .  
I 

. 
I 

04  

I 

1 4  

I I 

24  

I 

34 

I I 

56 58 m i n 

I 
. . . .. -----· I 

I 
I 

0 6  0 8  

1 6 1 8  

I I I 

2 6  28  

38  

·, 

I 

c.,o 
1-.:i 

z 
� "' 
i:: 
0 

<fl 
> 
>-l 
0 

p.) 
i:j 
p.. 

; 
"'! 
0 "' ::r. 
>Tj 
cj � 
cj 
� 
<n 

el 

r--\ 

:mt 
� 
� 
:tft 



No. 46. 1 973] Observation of VLF Emissions at Syowa Station m 1970-197 1 .  II .  

...--
� C C en 

E E ..--
cD 

- Q'.) CD 0:) CD 
" 

- N  . (Y) ......r L.() 0 ...--

C 

0 
--, 

N 

I 1-
s 

I-N 0 I-I :J 
:J ..Y: 

0 0 0 
0 LO M ......r LO 
0 

N 
_ Q  - C) 

33 

0 



Natsu� 'SA To· · arid Hiroshi . FuKUNISHI 

C C 

..- E 
,' [-. co CX) co 00 CX) 
·. (J) N ---::t LO - o  ..-

..--

O') 
..-
C 

d 
-, 

N _ N  N N 
(Y) ---::t LO -o 

I-
:::J 
N -..-
...--

I 
0 :::J I 

0 0 0 
--l" LO 0 
..---- N N N ..-- ..-



· -<:· . 

i�?;; �.�; .  }973] Observation of VLF Emissions at :�y�w� S_ta.ti_o:i:. m 1 970-1971 ., II. 
,· . .  �- . :. . :- . ·. 

E 
a:> 0 

(.0 
- L!) -...j'· 

<.D, _ a:,  
(',.j ("") 

I-
� 
CJ) ....-
-...j' 0 

- N  - M  
N N 

� · . (.0 

� N ("") 
CV} ("") I ('..I N ..::s::: 

L!) 

-� 
E 
co 
L!) 

0 
LD 

I-
::J 

("") 
N 



5kHz - -

I 

04 
I 

06 O oboouT  

I I I I I I I 

001 2 1 4 1 6  1 8  

2.5k Hz-

i i 

34 

! I l l i 

0640 4 2  4 4  

i r 
5 2  54 

J 

08 1 0mi n 

I I I - �  
20  24  

A p r . 1 , 1 9 7 0  

,, I I 

36 38 rn i n  

lllt'l!ll!'i1aa;ra.11� 
'r 

. . . . . 
· ,, 

. . . . . 
I 

. . .. . . .  . . .. . . 

46  48 

I I 

56 58 m i n  

t,:) 
O') 

z 
$1) 
..+ "' � 
0 

I l 
CF) 
;p,. 
>-:l 
0 
� 
p 
p.. 

� ::;· 
0 "' e-: 
"'rj 
C: 
:;,: 
C: 
� 
Ul 

21 

" 
3ili 
� 
� 



No. 46. 1973] Observation of VLF Emissions at Syowa Station in 1970-1971. II. 

C 

E 
co 
LD 

<.D 
LD 

N 
LO 

1-
::J 
0 
LO 
c-,... 
0 

37 



rf\ t: J nJ 
2.5 k Hz 

0 

08 2 0 

08 30  

c..,o 
.· -:CO 

,I! ' 

· z  
-� . ...,, . c 
·O  

· U,  
'·> 
. '"'l  
· o  
' i>l  
::: 

,p.. 
: ::i:=  
, ==;· 0 

{/l 

iS:  
: 1-rj  
• c:::  
: ;;,::  
c::: 

. '. �  
; - �� 

"· 

:i 



Nti: 46; · 1973] Observation of V!-,F . �IAissions a� _Syowa �tati�11. }n 1970-1971 . II. 
l � �::'. � -, . � . . " .� 

· 1  
N ·  :r: - � 
LD 
N 

..-
0 _en 

1
0 

0 

,39 



0 -
1002  

I I I I 

1 0 1 0 U T  12  

I I j I 

1 0 2 0 U T 2 2 

f I I I 
1030U T 32 

I 

1 0 5 0  

I I 

04 06  

I I I I 

14 1 6  

I I I I 

24 2 6  

..... _ ... · ... "-·-, · . . .. ,._ .. · · · ··-,· · ·  · · ·-· ·  · ·· · · ·-r-···· · · ····-·· · -r··· 

34 3 6  

I 

54 

I 

08 m i n  

I 

1 8  

I 

2 8 m i n 

- �·M•, .,� ·�; • • • •  ,.· •• ••  �·��w 

I 

38 

I 

5 8  

I 

I 

i 

..,. 
0 

z � ..... 
CJ) � 
0 

U'l 
;i,. 
..J 
0 
� 
::I 
p.. 

::i:: 
::;·  
0 
CJ) 

g-: 
1-?j 
C 
;;,:: 
C 
� 
00 

:5 

i 

: 
� 



No. 46. 1973] Observation of VLF Emissions at Syowa Station m 1970-197 1 .  II .  

C 

E 

I
� 
LD 
0 -oo � 

0 � 
co 

0 
N 
co ...-

0 
('Y') 
co 

C 

E 

I
� 
0 
LD 
co .--

41 



1 900 U T  
I 

02 
I 

04 
I 

06  

1 9 1 0  

1 9 20  

1 93 0  

1 940 4 4  

M aY . 3 1  , 1 9 7 1  

I 

08 m i n  

._,11,...,,,, 

>fa.. 
t-.:) 

·z 
-� 
en 
C 

'0 
if). >. .., 

·O 

� 
·,g. 
;::r:: 
f � · 

0 
en 

g: 
1-rj 
C: 

·:,:: 

·� 
'JJ · a  

r---1 

3tt 
. fM 
;� )!Jtt 
;. ::'.tft 



No. 46. 1973] Observation of VLF Emissions at Syowa Station in 1970-1971. II. 

C 

E 
co -o 

I--'-
:J 
0 0 0 0 0 (Y) ...;r 

./ . .. . 

' 

C 

E 

- LD  

. ...;r 
- LD  

_N 
. LD 

I--'-
:J 
0 

· LD  

� . 

_o _ Q  N N - 0  -0 - 0 . N N C'J :  

43 

r - · , 


