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Occurrence of VLF Emissions at Syowa Station 

Masanon NISHINO* and Yo,h1to TANAKA* 
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Abstract: The observat10n of VLF emiss10ns has been earned out at Syowa Sta­

t10n (geomagnetic lat. 69. r:is) m the Antarctic from Apnl 1967 to January 1968, 

usmg a crossed loop antenna of triangle type and a vertical antenna. In this 

paper, the occurrence of em1ss10ns and their correlat10n With other geophysical 

phenomena are discussed. 

VLF cmiss10ns at 12kHz occurred almost always from 1800 to OIOOU T 111 all 

se2sons except for December and January, and the durat10n of the em1ss1ons was 

10-20 mumtes on the average. VLF em1ss10ns at 12kHz showed comphcated de­

pendence on geom:1gnetic dl3turb.:mces, auroral displays and rad10 ab3orpt1ons in 

the 10nosphere. 

On the other hand, VLF em1ss10ns at 750Hz seldom occurred m the daytime, 

and their durat10n was longer than that at 12kHz. The occupied highest fr equcncy 

of such em1ss10ns was found to be about 4kHz at m:Jst. 

* ,6 ti-�:k"f:���'.iEP;'r The Research Institute of Atmo3phtncs, Nagoya Umvers1ty, Toyokawa. 
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1. Introduct10n 

In recent year�, VLF em15s10ns and the mechamsm have been studied and m· 

terec,trng re'3ult'3 have been reported by many workers. Smee 1963, our group ha�, 

been observmg VLF em1ss10ns at l\1osh1n m Hokka1do (geomagnetic lat 34 °N), 

and has succeeded to obtain an outline of the character of VLF emi'3'3IOns at low 

latitudes. But until 1966 \ve had no opportur:1ty to know their character at high 

latitudec;. Fortunately, the geophysical obsenatlcrn, at Syowa Stat1cn m the Ant­

arctic were resumed m 1966, and ouc proJect of VLF emiss10n ob'3ervation made a 

start 111 1967 

0b'3crvat10n o[ VLF em1ss10ns m the Antarctic had been made by HELLIWI:LL 

and :VL-\RTIN (1960), HELMS (1%3), HELLIWLLL (1963) and MoROZUMI (1962, 1963, 

196:5, 1966), and the correlat10n of VLF emi'3sions to geomagnetic disturbances and 

to aurora was demonstrated and analyzed. 

In th1'3 paper, the results of VLF em1s�10n observation made from April 1967 

to January 1968 are reported, and the correlation between VLF emissions and 

other geophy�1cal phenomena recorded at Syowa Station is discussed. 

2 Location of Syowa Stat10n and Observat10n Technique 

pa, 

Ftg 1 Observation stations zn tl,e Antarctic 

<B. 0 
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As shown m Fig. 1, the locat10n of Syowa Stat10n 1s as follows: 
Geographic Lat. 69.0° S 

Long. 39.6°E 
Geomagnetie Lat. 69.7°S 

Long. 77.4°E 

39 

Fig. 2. is a block diagram of the apparatus used at Syowa Station. The ap­
paratus used m observat10n of the direct10n of arnval and polanzat10n of VLF 
em1ss10ns was described by lwAI and TANAKA (1968). The antenna system was 
onented along the geomagnetic coordinate. The relation between the coordmates 
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of geomagnetism and those of geo6raphy at Syowa Stat10n is shown m Fig 3. The 

apparatus (3) m Fig. 2 is a spectral analyzer, consisting of 3 channel sweep recei­

vers, with rcce1vmg ranges lOOHz-lkHz, lkHz-lOkHz and lOkHz-lOOkHz, respec­

tively. The sweep period of the recevers l'3 1 mmute or 10 minutes Time constant 

of the detector is O 53 or Ss Usually, the observat10n was earned out \\ 1th 1 mmute 

period and 5s time comtant. 

3. Drnrnal Vanat10� of VLF Enmsions 

Fig. 4 shows the dmn1al vanat1on of occm re11cc hours of VLF em1ss1ons at 

12k:-Iz during the penod from Apnl 1%7 to January 1968. From Ap11l to October, 

the 12H{L cm1ss10ns occun ed moc;tly bet,vcen 1800 and 0100 U.T. (around magnetic 

midmght), and culwmatcd between 2100 and 2200U.T. Seasor:.al -s:ana.t10n of the 

ernL::;s10m at 12kI-Iz 1s sh0\ 1 n m F1g 5. It shov, � that these em1ss10ns cccun eel more 
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than 2-t nights a month through the wmter (July, August), and the occurrence 
frequency decreased towa1 ds the summer months (December, J�urnary) Fig 6 is a 
hystogrcim of duration of the emissions at 12kHz. The average durat10n of VLF 
cmic;s10ns 1s found to be 10-30 minutes, althcugh it involves strong and sharp 
sp1kcc; cf 1-2 minutes durat1011. In a fevv cases of geomagnetic disturbance the du­
rat10n wac; roughly 4-5 hours. 

F1g 7 shmvs the dmfnal va1 1at1011 of occurrence hours of VLF errnssrons at 
7.30Hz. In th1s fig urc, straight Imes with frame(!-[) 111dic1te the cmiss10ns of broad 
band width more than lOkHz. Other straight Imes mdicate the emiss10ns of nar­
row band ,,idth less than 4kHz at the most. It is known horn the figu1e that 
from September to January the emiss10ns at 750Hz occurred almost always 111 the 
hourc; of 0800-1.SOOU.T. with the maximum between 1200-1300U.T For comparison, 
the dmrnal cm ves of 4-GkHz band emiss10ns obse1 ved at Moshm 111 19G3 and 1967 
arc shown 111 the same figure. 
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4h 

Fzg 8 Hystogram of duratzon of the emzsszons at 7 50Hz 

Fig. 8 is a hystogram of duration of t·he-em1ss1ons at 7�0flz. It is found that 
the duration of these cm1ss10ns was longer t�;� that at 12kltz and the maximum 
durat1011 amounted to 14 hours on the occasion of the greatest burst. For com­
pa1 1son, the hystograms of durat10n of the emiss10ns observed at Mosh1n m 1963 
and, 1967 are shown in-the same figure- · T.Ji.� number of days when dunng 
the em1�s1ons were cib;�r�ed at the both field s1t�;�v;a; 6 duhng the penod from 
Apnl to December ;�- 1967. The number 6 1s eqmvalent to 2.S percent of the total 
occurrence of the em1ss10ns at 750Hz. But the occurrence hours showed no cor­
rclat10n between the two field sites 111 the present 111vestigat10n. Therefore, 1t 1s 
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doubtful that the both stat10ns received the same burst of VLF em1ss10ns. 

4. Correlation between VLF Emissions and Geomagnetic K-index* 

Emissions at 12kHz occurred almost around the geomagnetic midmght in all 
seasons except for summer. Therefore, we have investigated the correlat10n be­
tween the em1ss10ns at 12kHz and the values of K-mdex during the time from 
1800 to OlOOU.T. The obtained result is shown in Fig. 9. The probability 1s the 
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ratio of number of K-mdex vvhcn emissions occurred to the total numbc: 11 :: etch 
range of K-mdex. So far as the K-mdex 1s less than 3, the n umber of o'.::cu1 1 ence 
of the em1ss1ons at 12kHz is seen to mcr ease \\; 1th the increase of I�-mdex. but 
the number beg1m to decrease beyond the K-mdex 3 It 1s remarb1bk thc1� the 
occurrence probabil ity of the total number of days for K � 3  1s 40 pc L cem That 
1s, em1ss1ons occurred at  1 2kHz considerably even on geomagnet lcal l? ca lm 01 

slightly disturbed days. But the occurrence probability at lams It5 m�1 :-: 1n:um 111 

moderate geomagnetic d1sturbar.ces (K = 3-5), and decrea5e5 1 11 great ge)rn tg netic 
chsturbances (K =6).  At strong geomagnetic d1sturbances exceed mg K = 7 \\ c1 e s.::ldorn 
recorded 1 n our mv estigat10n, the  occurrence probab1Lt y of K = 7 secr,1s to be 
doubtful .  

On the other hand, the ern 1::,s10ns at 750Hz with longer durat10n c c c Lu mostl; 
m th e day ume. Therefore, we have 1m cstlgated the corrclat10n bet,., een LJ lc 7:SOHz 
em1s::,10m and the  daily sum of K-mdcx (S K-index), \\ 1th tLc rcsul� �:s S2l0 \\ n 1 11 

Fig 1 0. TVV e see that the occurrence number 1s maximum for l' K-index c: 1 ::)Und 
1 5-20, thctt i s ,  1 11 moderate geom.1211ct1c d1::. turbance::,, and 1 t  1s zero fo.c �E. - 1 1 .dcx 
exceedmg 30 which stands for strong geomJ,gnctic d 1s tui·b;:mccs Occuri cncc 
p1 obab1lny seems to attam r:.1ax1mun 1 11 the 1 z-ngc of 25 to 30 of IK-rnctex 

\Vhether the occw rcnce pr nbab1l ity rncrea�es or not for l K-rndcx '.)') , )  r:oi 
cl:::JJ u1 our 1nves1 Igat10n. 

5 C01  relauons among VLF Ern1ss10ns, GEomagnetlc Dis; urba nee) , 
Auroral Displays and Ionospheric Ab�orpt10n 
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Fig. 1 1  shows the correlation between the emiss10ns at 12kHz and the types of 
time variation patterns of geomagnetic horizontal component H. About 30 percent 
out of the observed emiss10n events correlated with geomagnetic pulsat10ns, and 
about 20 percent with the mitial phase of relatively small bay type disturbances 
(H<3007). The correlation probability of the observed em1ss10ns with great magne­
tic dismrbances H>300r is found to be lower than the one with small magnetic 
disturbances H<300r. But the correlat10n probab1hty with an imtial phase is found 
high m either case of small and great geomagnetic disturbances. About 25 percent 
of the occ urrence dose not seem to correlate with any geomagnetic disturbances. 
In  other \v ords, emiss10ns at 12kHz can occur even on geomagnetic calm days, as 
mentioned prev10usly. Typical examples of the record mchcatmg the above results 
are given as follows. 

F1g. 12 illustrates t hat the emission occurred durmg geomagnetic puls:1tion. 
Occurrence of the em1sswn roughly corresponded to pos1t1ve swmgs in the vana­
tion of geomagnetic H component. During this occurrence of the em1ss10n rad10 
:1bsorpt 10n 1 11 the 10nosphere could not be observed. 

F1g. 13 shows that emiss10n at 25kHz occ urred at the phase of sharp decrease 
of H, and corresponded to a sudden outbreak of active auroral luminosity which 
bstecl se,:eral mmutes. A large radio absorption dip on the nometcr record was 
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Fig 12 The emissions at 12kHz and 25kH;;, during geomagnetic pulsation and radio 

absorption eient zn the ionosphere 
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observed at the same moment. So, the durat10n of each spikes of the em1ss10n at 
25kHz was short. 

Fig. 1 4  shows that the em1ss1on occurred durmg a negative phase of a rela­
tively small geomagnetic bay type disturbance, and before the occurrence of absorp­
tion dip on the nometer record. At the moment of sudden rad10 absorpt10n oc­
currence on the nometer record, the emiss10n disappeared suddenly. 

Fig. 15 shows that emission occurred durmg a gradual negative phase before 
a great geomagnetic disturbance. And this em1ss10n disappeared at the commence­
ment of the great negative phase of H component variation. S1m1lary, the nometer 
curve decreased suddenly at the commencement of the great negative phase of H 
component. 

6. Frequency D1stribut10n of Emissions 

Frequency d1stnbut10n of em1ss10ns has been analyzed usmg the records ob­
tamed with apparatus (3) m Fig. 2. The durat10n of a spike of the em1ss10ns was 
w1thm several mmutes, so that the sweep penod of the sweep receivers was set 
at one minute. Time constant of the detecter was set at 5 seconds m order to 
avoid atmosphencs noise. So, 1t is difficult to analyze the details of a frequency 
d1stnbution of the em1ss10ns and to obtain flux mtens1ty of the em1ss10ns co1 rectly 
with these receivers. But 1t 1s not impossible to obtain a rough frequency d1stn-
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but lon of the cm1ss10ns. To obt :1 1n the d istnbut10n, the c:11 1ss1on amplitudes have 

bee n rc::_d out referring to the background noise level at the mome nt _Jmt before 

an cm1:s:;1on occurs m each f1 cquency analyzed record. 

F1g 16 show s the frequency d1stnbut 10n w 1 eh single sharp spike At the 

!)cgmrn ag of the cm1ss 10n, the energy 1s found to  be strong 111 t he 40-60kHz band 

and :11: the commencement of a sp ike, the energ y 1s concentrated 111 the 4-6kHz 

band 

F 1g 1 7  shows frequency d 1stnbut10n of the em1ss10n with a gradual change. 

At the begmnmg of the em1ss1on, the energy 1s strong roughly m the 4-6kHz 

band, �rncl at the end of the cm1ss1on the energy 1s concentrated rather m the 8-

1 2kHz b:-rnd. From the above two figures, the durat10n of lower frequency com­

poncn: i s  longer than that of higher frequency component.  And two examples of 

bro:1d band ermss10ns are distmctly correlated with a sharp negative phase of a 
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Emissions which occurred regularly at mght of even on the geomagnetically 
calm days had a band width of roughly less than 20kHz, which was narrower than 
that of the above examples. Incidentally, the record of the 1-lOkHz band in the 
figures was obtaind with a hiss recorder of the University of Tokyo. 

Fig. 18 shows emissions m the daytime m November 1967. The emiss10ns have 
lasted two hours and half. In the time interval 1245-1315U.T. an a udible penod1c 
emiss10n with the period of 30-60 secon ds was recorded clearly. Penod1c emissions 
were recorded 5 times from Apnl 1967 to January 1968. The result is listed m 
Table 1. The highest frequency of the periodic emissions observed with the present 
analyzer was found to be about 4kHz. The record of Fig. 18 was obtained with 
the hiss recorder of the University of Tokyo. 

Table 1 Perzodzc emzsszons 

Date Startmg time (U. T. ) Durat10n Center frequency 

1967 

May 31  19h00m 2h J 5m 2-4kHz 

June 15 15 45 0 45 ! kHz 

July 24 IO 15  0 35 2kHz 

Nov 1 6  1 2  45 0 30 750Hz 

Dec. 7 1 1  1 5  0 1 5  750Hz 
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7. Concluding Remarks 

VLF em1ss10ns observed at Syowa Station may be classified 111 two ty pes. The 
one 1s those which occurred around the magnetic midnight 111 all months ex­
cept for December and January. A group of em1ss10ns of the midnight type is 
d1stmctly correlated with geomagnetic disturbances, auroral displays and rad10 
absorpt10ns 111 the 10nosphere, and the frequency band width of this group was 
extended to about lOOkHz. Another group of the midnight type emiss10ns \v as not 
correlated with any of the phenomena above ment10ned. The occupied highest 
frequency of the emissions were found to be about 20kHz. 

The other type is the em1ss10ns which occurred 111 the daytime 111 all seasons, 
though the occurrence number was the least 111 wmter. The frequency band \, idth 
of emiss10ns of this type 1s from several hundred Herz to 4kHz This type mcludes 
contin uous emissions and discrete em1ss10ns. Correlat10n between the em1ss10ns m 
the daytime and the other geophysical phenomena will be investigated further. 
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