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Abstract: A one-to-one correlated event between periodic VLF emissions 

and short-period magnetic pulsations has recently been reported by N. SATO 

(J. Geophys. Res., 89, 2781, 1984). By using this event we examined relative 

phases between periodic VLF emissions and the H component of short-period 

magnetic pulsations. The relative phases between the increase of periodic VLF 

emission intensities and the increase of northward magnetic field were approxi­

mately 180° different. From this phase difference we calculated the time delay 

between particle precipitations into the ionosphere induced by periodic VLF 

emissions and the current flow in the ionosphere by the enhancement of conduc­

tivity by the model proposed by SATO. Though there was some ambiguity in 

calculating the value, we estimated the relaxation time to be approximately one 

second. 

1. Introduction 

SATO ( 1984) has recently reported short-period magnetic p:.ilsations associated 

with periodic VLF emissions (T'""5.6 s). As for the origin of the short-period magnetic 

pulsations they suggested that the periodic precipitating electron fL1xes induced by 

periodic VLF waves would modify the ionospheric conductivity. The periodic en­

hancements of the conductivity in the ionospheric D and E regions would modify the 

Sq P current flow in the ionosphere, resulting in the magnetic variations observed on 

the ground. 

The purpose of this paper is to extend the study reported by SATO (1984) and to 

examine in detail the cross correlations, especially the phase relation between the pe­

riodic VLF emissions and the magnetic pulsations observed at Syowa Station ( -66.1 °, 

70.8° in invariant geomagnetic coordinates, L=6. l) in Antarctica and at Husafell 

(66.0°, 70.2° in invariant geomagnetic coordinates, L=6.l) in Iceland. Husafell is 

located at the geomagnetic conjugate point of Syowa Station. The data of intensity 

variations of VLF emissions and ULF waves by the search coil magnetometer were 

recorded on digital magnetic tapes by microcomputer at both stations with the sampl­

ing frequency of 0.5 Hz. Analogue data were also recorded on magnetic tapes. 

2. Observations 

2.1. Geomagnetic conjugacy of periodic VLF emissions 

Periodic emissions are believed to show good geomagnetic conjugacy because the 
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Fig. 1. Frequency-time spectra of periodic VLF emissions observed simultaneously at geomagnetic 

conjugate-pair stations, Syowa Station in Antarctica and Husafell in Iceland during the 

interval of 1254 :20-1255 :20 UT on September 14, 1983. 

period of periodic VLF emissions usually is almost equal to the propagation time of 

two hops of whistler mode waves (HELLIWELL, 19 65). At first we will confirm the 

geomagnetic conjugacy of periodic VLF emissions observed at Syowa Station and 

Husafell. Figure 1 shows the frequency-time spectra of periodic VLF emissions ob­

served simultaneously at conjugate-pair stations on September 14, 198 3. From the 

f-t spectra, this periodic emission will belong to dispersive type according to HELLI-

WELL's catalog (1965). It is easily understood that the time difference of enhance­

ment of emission intensity is out of phase between conjugate-pair stations, and dis­

persion of emission frequency with time is almost the same at both stations. However, 

it is worth noting that the enhancement of discrete chorus elements associated with 

periodic emissions does not show one-to-one correspondence between the two stations. 

It is suggested that new emissions are enhanced by wave-particle interactions near 

the equatorial plane in the magnetosphere associated with the source of periodic emis­

sions. Figures 2a and 2b show f-t spectra for the envelope of intensity fluctuations 

at 1.2 kHz VLF band observed at H usafell and Syowa Station during the period of 

1200-13 20 UT on September 14, 198 3. In this analysis, the emission intensity data 

are sampled by A/D converter from analogue magnetic tapes at the frequency of 12.5 

Hz. 

It is clearly shown that the periodic frequency of the periodic VLF emissions is 

noticeable at the constant frequency of 0.2 Hz, and weak harmonic bands of 0.4, 0.8 

Hz, .... are also enhanced at both stations. Figure 2c shows the relative phases of 

periodic emissions observed at Syowa and Husafell. Jn this figure the periodic fre­

quency band is selected at ,__,208 mHz. It is evident from this figure that the relative 

phases of periodic emissions observed at conjugate-pair stations are almost I 80° dif­

ferent. So it is concluded that periodic emissions are observed out of phase at the 
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geomagnetic conjugate point. Details of the geomagnetic conjugacy of periodic 

emissions and related magnetic pulsations will be reported by another paper in the 

near future. 

2.2. Relative phases between periodic VLF emissions and short-period magnetic pulsa­

tions 

In this section we will examine the correlation between periodic VLF emissions 

and magnetic pulsations by the search coil magnetometer. Figure 3 shows the fre­

quency-time spectrum for the envelope of a filtered band at 750 Hz, the Hand the D 

components of magnetic pulsations observed at Syowa in the interval of 1400-165 5  

UT on August 8, 1981. As already reported by SATO (1984), the periodic VLF emis­

sions in this event are enhanced at the frequency of I',./ 180 mHz, and the H component 

of magnetic pulsations shows the same frequency bands. On the other hand, intensity 

of the D component of magnetic pulsations associated with these periodic VLF emis­

sions is very weak compared with the H component. Figure 4a shows the relative 

power spectra for the periodic VLF emissions at 750 Hz band, the Hand the D com­

ponents of magnetic pulsations in the time interval of 15 20-15 2 4  UT on August 8, 

1981. In this figure, a sharp spectral peak is seen on 750 Hz and ULF (H) spectra 
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Fig. 3. Frequency-time spectra for the envelope of intensity variations of VLF at 750 Hz (upper 
panel), the H component of magnetic pulsations ( middle panel) and the D component of 
magnetic pulsations ( bottom panel) observed at Syowa Station during the interval of 1400-
1700 UT on August 8, 1981. 
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Fig. 4a. Relative power spectra for the intensity variations at 750 Hz band, the H and the D compo­
nents of magnetic pulsations in the time interval of 1520-1524 UT on August 8, 1981. 
Periodic VLF emissions and related magnetic pulsations are noticeable at ,....,180 mHz. 

at '-' 180 mHz. The power of the D component of magnetic pulsations at '-' 180 mHz 

is relatively 20 dB less than that of the H component of magnetic pulsations. Figure 

4b shows the coherency and relative phases between VLF emissions at 750 Hz and 

the H component of magnetic pulsations. The coherency between 750 Hz and ULF 

(H) reaches almost 1.0 at '-' 180 mHz. The relative phases between periodic VLF 

emissions and magnetic pulsations at '-'180 mHz show -90°. Figure 5a shows dy-
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Fig. 4b. Coherency and relative phases between intensity variations of 750 Hz band VLF emission 
and the H component of magnetic pulsations during the same time interval as Fig. 4a. 
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Fig. 5a. Dynamic plots of relative phases between 750 Hz band periodic VLF emissions and the H 
component of magnetic pulsations at selected frequency band of 183 mHz in the time inter­
val of 1400-1655 UT on August 8, 1981. In this figure, coherency larger than 0.5 between 
periodic VLF emission and the H component of magnetic pulsation was plotted. 

5 

namic plots of relative phases between 750 Hz band periodic VLF emissions and the 

H component of magnetic pulsations at the selected frequency band of 18 3 mHz in 

the time interval of 1400-1 655 UT on August 8, 1981. In this figure, coherency larger 
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Fig. 5b. The same as Fig. 5a except the relative phases between 750 Hz band periodic VLF emissions 
and the D component of magnetic pulsation. 

than 0.5 between periodic VLF emissions and the H component of magnetic is plotted. 

It is very interesting that relative phases are not much diverged and show around -90° 

± 90°. Especially, the phases are converged on -90° in the time interval of 1510-

1540 UT, the most intensified time interval of periodic emissions as shown in Fig. 3. 

Figure 5b shows relative phases between 750 Hz band periodic emissions and the D 

component of magnetic pulsations at selected frequency of 183 mHz. The coherency 

larger than 0.5 between them was plotted in this figure. It is easily found that relative 

phases between 750 Hz periodic emissions and the D component of magnetic pulsa­

tions are much more scattered than those between 7 50 Hz periodic emissions and the 

H component of magnetic pulsations shown in Fig. 5a. It is noticeable that the rela­

tive phases between periodic VLF emissions and the H component of magnetic pulsa­

tions converge around -90°. Furthermore, the relative phases between the H and 

the D components of magnetic pulsations are roughly -180°. 

3. Discussion 

We examined mainly the relative phases between periodic VLF emissions and 

short-period magnetic pulsations of the event of August 8, 1 981 from a few tens of 

examples. This event is the most typical phenomenon showing one-to-one correlation 

between periodic VLF emissions and the H component of short-period magnetic pulsa­

tions as reported by SATO (1 984 ). SATO (1 984 ) expected that the periodic enhance­

ments of conductivity induced by particle precipitation in the ionosphere associated 

with periodic emissions would modify the Sq P current flow in the ionosphere, resulting 

in the H component of magnetic variations observed on the ground. 

It is an important result that there are meaningful phase lags between periodic 

emissions and the H component of magnetic pulsations. The relative phases between 

the emissions and the magnetic pulsations are approximately -90° as shown in Fig. 
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5a. Magnetic pulsation data analyzed in this report were the data observed at Syowa 

Station using the search coil magnetometer. The search coil magnetometer data 

shifts + 90° earlier than that of fluxgate magnetometer data by inductance effect. So 

our results shown in Fig. 5a mean that the relative phase between periodic VLF emis­

sions and related magnetic field variations of the H component is approximately -180°. 

We discuss in the following the meaning of the relative phase between periodic 

VLF emissions and magnetic variations. Periodic VLF emission waves are bouncing 

between Syowa Station and Husafell along the geomagnetic field line. The periodic 

emissions are intensified near the equatorial plane in the magnetosphere by the wave­

particle interaction mechanism (HELLIWELL, 1965). In this case, high-energy electrons 

may be precipitated periodically in association with periodic VLF emissions. Ev­

idences for the wave-induced electron precipitations associated with VLF emissions 

have been obtained by ROSENBERG et al. (1971, 1981) and HELLIWELL and MENDE 

(1980). For the origin of the short-period magnetic pulsations associated with the 

periodic emissions we have assumed the enhancements of the ionospheric conductivity 

due to wave-induced precipitations. A transient enhancement of conductivity in the 

ionospheric D and E regions would modify the current flow in the ionosphere, result­

ing in magnetic variations observed on the ground as discussed by BELL (1976), KOKU­

BUN et al. (1981) and SATO (1984). 
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Fig. 6. A time diagram indicating the relation among periodic emission, particle precipitation and 
magnetic field variation. Tw, Tp and Tr show propagation time of VLF wave and high­
energy electron from equatorial plane to the ionosphere, and relaxation time between particle 
precipitation in the ionosphere and following current flow induced by the enhancement of 
conductivity, respectively. 
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We try to calculate the time delay, the time difference between particle precipita­

tion in the ionosphere and the current flow induced by the enhancement of conduc­

tivity in the ionosphere, from the model proposed by SATO (1984). Figure 6 shows a 

simple time diagram indicating the relation between these phenomena. T w and TP 
are propagation time of VLF waves and high-energy electrons from equatorial plane 

to the ionosphere along the field line, respectively. Tr is the time delay between par­

ticle precipitation in the ionosphere and the current flow induced by the enhancement 

of conductivity in the ionosphere. The time difference (Tv-h) between enhancement 

of VLF emission intensity and the magnetic field variation on the ground may be cal­

culated from the following equation. 

(1) 

For the August 8, 1981 event, the bounce period of periodic emission is 5. 5 s, resulting 

m 

T w = 5. 5/4 = ,_, 1 .4 (s). ( 2) 

The phase relation between periodic VLF emissions and magnetic variations is ap­

proximately out of phase with the period of 5. 5 s, resulting in 

( 3) 

If the periodic VLF emissions at 750 Hz are intensified by high-energy electrons with 

the energy of 20- 200 keV near the equatorial plane in the magnetosphere, the bounce 

period (Tb) of high-energy electrons at L=6. l becomes Tb ,_, 2.4 s at 20 keV and Tb 
,_,0. 8 s at 200 keV calculated from Dippole model (LYONS and WILLIAMS, 1984). 

Tp(Tb/4) may be estimated to be 

0. 2 <  Tp < 0.6 (s). (4) 

From the eqs. (1)-(4), Tr may be estimated as 

0. 8 < Tr < 1 . 2 (s). ( 5) 

The results of coherency (relative phase) analysis always have ambiguity of ± 211:n for 

the periodic phenomena, where n is integer. The result of eq. ( 5) becomes 

0. 8 ± 5 .5n < Tr < 1. 2 ± 5.5n (s). (6) 

SIREN et al. (1980) estimated the recombination time of electrons in the iono­

sphere using the data of X-ray burst and CNA data observed at L=4. They con­

cluded that the recombination time is approximately 2 s. LANZEROTTI and ROSENBERG 

(198 3) also reported the response time of magnetic variations associated with CNA 

variations. They estimated the response time of magnetic variations induced by 

impulsive electron precipitation to be from 2 to 4 s. When we compare the result 

of eq. (6) with the previous work (SIREN et al., 1980 ;  LANZEROTTI and ROSENBERG, 

198 3), it is suggestible that n may be O or + 1 in the eq. (6). It is evident that the short 

periodic magnetic pulsation in the August 8, 1981 event indicated in Figs. 3 and 6 is 

appearing with constant amplitude for a long time more than one hour. If the time 

delay is longer than one period of magnetic pulsations, the relative phases depend 
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strongly on their modulation frequency, because the rate of increase in relative phase 

differences with the increase of modulation frequency is proportional to the value of 

the time delay in this case as discussed by SATO et al. (1 985 ). However, we have never 

found such effects in the events we ever analyzed. So we can propose that the time 

delay between particle precipitation into the ionosphere induced by periodic VLF 

emissions and the current flow in the ionosphere by the enhancement of conductivity 

is around one second in the August 8, 1 981 event. 
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