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Abstract: Observation of noise in the frequency range from 0.6 to 7.6 MHz 

has been made in an auroral plasma up to approximately 220 km by an instrument 
(PWN-H) on board the S-310JA-7 sounding rocket. This rocket was launched 

at 1915: 50 UT on March 27, 1978 from Syowa Station in Antarctica, just prior 

to an intense aurora! substorm (magnetic H component decrease= -700 nT and 
30 MHz CNA= -5 dB). The observed HF emissions are classified into three 

types according to their frequency ranges and spectral shape; 1) High level and 

narrow band signals whose frequencies are nearly equal to nice or (n+ 1/2)/ce, where 
n is an integer and Ice is the electron gyrofrequency. 2) A low level broad band 

emission whose upper-limiting frequency is below the local electron plasma fre­
quency. 3) Signals at frequencies below fee, Excitation mechanism of these waves 

in the aurora is discussed. 

1. Introduction 

In auroras, there are precipitating electrons with a few hundred e V to about ten 

keV in energy, which carry the :field-aligned upward current and which are expected 

to drive instabilities causing natural plasma emissions, in the frequency range from 

the VLF to the HF, due to wave-particle interaction. Much attention has been given 

to date to waves in the VLF range because ground observations have frequently re­

ceived waves in the VLF range and the auroral hiss has been studied simultaneously 

with auroral activity by scientific satellites. 

Recently, at low altitudes in the polar ionosphere, observations of natural emis­

sions in the MF and HF ranges have been made by using sounding rockets. Electron 

plasma oscillations in the Bernstein mode, which lies between the first and second 

harmonics of the electron cyclotron frequency Ice, and whistler waves have been observed 

(KELLOGG et al., 1978). A series of rocket experiments to investigate the charac­

teristics of the plasma in the polar ionosphere, especially in auroras, has been 

performed from 1976 to 1978 at Syowa Station in Antarctica by the National Institute 

of Polar Research. Electron plasma waves, signals at a frequency about one half 

of Ice, emissions whose lower cutoff frequency is the electron plasma frequency, and 

whistler waves whose frequencies are considerably below fee have been observed. 

Their correlation with observations of precipitating energetic electrons and comparisons 

of theoretical calculations with observational data have been performed (OYA et al., 

1979, 1980; MIYAOKA et al., 1981). 

The S-3IOJA-7 sounding rocket was one of the series, which was successfully 
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launched by the 19th Japanese Antarctic Research Expedition. A swept-frequency 
receiver (PWN-H) was mounted on the rocket to receive the natural emissions in the 
HF range. The rocket passed through an auroral arc detecting new emissions which 
are described in this paper. The PWN-H system is described in Section 2. The 

observational results are presented in Section 3 and discussed in Section 4. Section 
5 is the conclusion. 

2. PWN-H Instrumental System 

Figure 1 shows the block diagram of the PWN-H instrument. The outer grid and 

the ring of a Faraday cup of 10 cm diameter, positioned on the top of the rocket, was 
used as a receiver antenna (ITOH et al., 1975). The electron saturation current from 
the ambient plasma was drawn to the grid (G1) by a bias of 3 V with respect to the 
rocket body. The total area of the grid including the ring was 28 cm2

• The AC 
component of the current carries information on the density perturbation caused 
mainly by electrostatic waves. The electron saturation current was amplified and 

was logarithmically converted to an output voltage in the range from Oto 5 V. The 
AC component of the electron current was also amplified and was fed into the swept 
frequency double super-heterodyne receiver. The receiver covered the frequency 
range from 0.6 to 7.6 MHz. The output of the receiver was rectified and was loga-
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Fig. 1. Block diagram of the PWN-H instrumentation. The PWN-H consists of three principal 
parts: 1) G1, the grid 1 as the antenna of the receiver. 2) The amplifier for the AC com­
ponent of the current and the frequency analyzer. 3) The amplifier for the DC component. 

Table 1. The specifications of PWN-H on board the rocket. 

Frequency range 

Sweep time 

1st IF frequency 

2nd IF frequency 

Band width 

Sensitivity 

Sensor 

Telemeter ch. 

0.6"' 7.6 MHz 

1 s 

10.7 MHz 

455 kHz 

30kHz 

0.35-300 µVrms 

10cm� F.C. 

IRIG #10 
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rithmically converted to a voltage in the range from Oto 5 V. A calibration signal of 
5.1 MHz was continuously applied to the input. The output voltages of both DC 
and AC component were transmitted to a ground station alternately every second 
using an IRIG 10th telemeter channel. The specification of the PWN-H system are 
listed in Table I. 

3. The Results of the Observation 

The S-3IOJA-7 rocket was launched at 1915:50 UT on March 27, 1978 from 
Syowa Station (geomagnetic latitude, 70.0° ; longitude, 79.4° ; L=6.1) in Antarctica 
into the geomagnetic north direction at an azimuth of 315 ° and reached an apogee 
of approximately 220 km. The geomagnetic activity just after the launching was 
very intense with an H component variation of geomagnetic field LlH=-700 nT. The 
cosmic noise absorption (CNA) at 30 MHz was nearly equal to -5 dB. Intense VLF 
hiss emissions on 8.2 and 0.75 kHz were detected at the ground. 

Figure 2 shows the geomagnetic meridian plane and time diagram of 015577 A 

GS 
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Fig. 2. The meridian-time diagram of intensities of 0!55771 and Hf3 (after HIRASAWA and 
YAMAGISHI, 1980). The contours of the auroral luminosity is units of I kRJor 55771 and 
JOOR for the Hp line. The rocket trajectory indicated by the arrow is projected onto the 
JOO km level along geomagnetic field lines. 
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Fig. 3. All-sky photographs of' the aurora taken at Syowa Station at several times ajier the rocket 
launching. The top is rnagnetic South and the bottom is magnetic North direction. Posi­
tions of' the rocket are projected to the /00 km level along magnetic field lines. 

Fig. 4. Typical raw data of received noise in the 

HF range. The panels on the left side 

show the noise observed in the intense 

aurora. The right side panels show the 

observed noise after the rocket passed 

through it. The narrow peaks at 5.1 

MHz are the calibration si,rnal. 
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electron aurora and H fl proton aurora ( HIRASA WA and Y AMAGISHI, 1980). When 

the rocket noise cone opened, it was in an intense break-up type aurora of about 40 kR. 

The auroral arc moved toward the geomagnetic south direction during the flight time 

(Fig. 3). At 57 s flight time, the receiver began to observe the noise and to measure 
the electron current in the aurora. The rocket emerged from the aurora at about 

110 s and an altitude of 150 km. The measured direct electron current at an altitude 
of about I 00 km was about five times larger during the ascent than that during the 

descent. 
Figure 4 shows typical raw data of the AC component at various flight times, 

representing the emissions observed in the HF range. The noise level at 181.7 s and 
330.5 s which increases slightly at the lower frequencies is due to the receiver noise. 

The observed emissions in the intense aurora (panels on the left side in Fig. 4) can 

be divided into three types according to the frequency ranges and spectrum shape. 

I) There is a broad band low level noise ( '.::'. 5 µV at maximum). For example, it 
extends to 7.4 MHz at 65.6 s. The upper frequency limit of the broad band noise 
gradually decreases with increasing altitude. At about 90 s, the noise extends from 
1.4 to 3.8 MHz. 2) There are many narrow band high level signals ( < 50 µV at 
maximum) between 1.2 and 7.0 MHz. 3) There are also narrow band emissions whose 

frequencies are below the electron gyrofrequency ( '.::'. 1.2 MHz) as are clearly seen at 
61.2 and 65.6 s in Fig. 4. The frequencies and intensities of the narrow band signals 

are plotted in Fig. 5. 
The right-side panels in Fig. 4 show emissions received after the rocket passed 

out of the intense aurora. The broad band noise (type I) has disappeared. The 

narrow band emissions of 1.4 and 1.6 MHz are observed to remain, as do those of 

6.75 and 7.0 MHz. The large signal at 5.1 MHz is the calibration signal. 
To see changes of the frequency and level of the emissions during the whole 

flight, a frequency versus time diagram, i.e., a dynamic spectrum is shown in Fig. 6. 
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Fig. 5. Frequencies and intensities of the narrow band signals. Intensities are shown by the sizes 

of circles in seven steps. Harmonics of the electron cyclotron frequency are the values at 

the 100 km altitude. 
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Fig. 6. Frequency versus time diagram. The 
noises observed during the whole flight 
are shown as white areas. The straight 
line at 5. / MHz is the calibration signal. 
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It was made by photographing an intensity-modulated display on an oscilloscope. 
The white area shows the existence of signals observed by PWN-H. As mentioned 
above, three types of emissions are observed in the intense aurora up to approximately 
110 s and below about 150 km on the ascent. In particular, type 2 signals are evident 
at the frequencies of 1.15, 1.35, 1.80, 2.25, 2.55, 2.95, 3.60, 4.00, 4.60, 6. 15 and 6. 75 
MHz. The signal at 5.25 MHz merges with the calibration signal (5.1 MHz), however, 
it is clearly seen at 65.6 s in Fig. 4. After the rocket emerged from the aurora, signals 
at 1.4 and 1.6 MHz at a modest level (::::: 5 µV) continued to be observed. Signals 
at 3.5, 6.7 and 7.0 MHz were also detected at a I µV level. After about JOO s flight 
time, emissions at frequencies 1.4-1.7 MHz, composed of some narrow band signals 
were received. 

4. Discussions of the Results 

As they were observed during the whole flight time at a constant frequency, the 
signals at 6.7 and 7.0 MHz are considered to be broad-casting waves from ground 
stations as were observed by MIY AOKA et al. ( 1981 ). As the sharp peaks at 1.4, 1.6, 
3.2 and 3.5 MHz are observed in the quiet region above about 170 km, they would 
also seem to be broadcasting waves. 

4.1. Type I emission 
The frequency of the broad noise (type I) decreases with the time of flight when 

the rocket is in the aurora, as seen in the left panels of Fig. 4. The upper-limiting 
frequency, Jr, 1,, of the noise is thought as a characteristic frequency such as fpe, JL=o 

or ftufR , Here fpe, fL=o and ftIHR are the electron plasma frequency, the L-mode cut­
off frequency and the upper hybrid frequency, respectively. According to relations 
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timated whenf;, 1. is assumed to be equal to one of the characteristic frequencies. The 
electron cyclotron frequency f;." has been calculated by using the IG RF 1975 model. 
The result is shown in Fig. 7. The open circles, closed triangles and closed circles 
correspond to n,e for the cases where F /, is equal to .fr 11 1:, f,. (J and f�1e, respectively, 

The solid line shows n)P calculated from the electron density obtained by the in situ 
DC data. The current saturated between 82 and 136 km in which range the electron 
density is larger than 6 x 10" cm-:, when an electron temperature of 0.5 eY is assumed. 
Above the altitude of 145 km type I noise was not detected because the rocket had 
emerged from the aurora. At altitudes lower than 94 km, f; ,. was above the upper 
sweep frequency limit (7.6 MHz) of the present instrument, as can be seen, for example, 
at 61.2 s in Fig. 4. Although the calculated density from the noise is about one third 
of the estimated density from the current, the trend off;1r obtained, especially from that 
for .f�· L =f;," u, agrees with the current profile. The quantitative disagreement is as­
sumed to be due to the error in evaluating the density from the current for the con­
stant bias or that the emission is excited at a higher, lower-density altitude. Therefore, 
the broad band noise is considered to be the electron plasma or the upper hybrid wave. 
Emissions whose frequency is around fp

,· have been received by previous rocket experi­
ments (KELLOGG et al., 1978; OYA et al., 1980; MtYAOKA et al., 1981). Since simul­
taneous measurement of the velocity distribution of electrons was not made, the mode 
of this emission can not be identified. However, when the distribution of precipitat­
ing electrons is monochromatic as was measured in an active aurora by ARNOLDY 
et al. (1974), the electron plasma wave becomes unstable (Cerenkov effect). Another 
possibility is that the electrostatic wave near .fr 11 11 is destabilized when the electron dis­
tribution has a region of positive slope with respect to the perpendicular velocity (KURTH 
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et al., 1979, 1980). 
The level of the type 1 noise at frequencies lying near the large narrow band emis­

sions appears to be suppressed as is seen in the left panels in Fig. 4. Such phenomena 
were also observed for natural VLF emissions which were influenced by the Siple 

signal {KIMURA, 198 1) and for electron plasma waves excited by an electron beam, 

which are suppressed by an externally launched signal, in a laboratory experiment 

(NAKAMURA, 1970). 

It is noted that the lower-limiting frequency of the broad band noise seems to be 
constant, i.e., about 1 .4 MHz which is approximately equal to fee · 

The frequency spectrum of the broad band emissions shows a temporal variation 

of the order of 0. 1 s as seen in spectra at 61.2 and 65.6 s in Fig. 4. It is thought not 
to be spatial variation since the rocket velocity perpendicular to the geomagnetic field 

line is about 300 m/s. This type of noise is thought to be the same bursts as received 
by KELLOGG and MONSON (1979), which are emitted from an intense aurora. 

4.2. Type 2 emission 

Normalized frequencies of narrow band em1ss10ns, for example, observed at 
100 km with .fce (= 1.226 MHz) are 0.94, I . IO, 1 .47, 1.84, 2.08, 2.41, 2.94, 3.26, 3.84, 
4.28, 5.01  and 5.5 1 .  Therefore, the type 2 emissions enter into the category of either 
nice or (n+ l /2)/ce, where n is an integer. As seen in Figs. 5 and 6, the type 2 emissions 
appear to have an upper-limiting frequency which varies with the flight time. The 

upper-limiting frequency approximately agrees with Ju L of the type 1 broad noise de­
scribed above. Emissions of larger amplitude exist at frequencies near Ju L and de­

crease in frequency when the density decreases, as is clearly seen in Fig. 5 .  For ex­
ample, the emissions of 2.95 MHz (==2.5 fee) at 76.5 s and 6.75 MHz (==5.5 Ice) at 
56.8 s in Fig. 4 are in the type 1 broad band noise. The signals (1.4 to 1 .7 MHz) which 
were lower than fpe and which were received after passing out of the intense aurora 
seem to be Ice or (3/2) Ic e emissions. 

Odd half-harmonic emissions (n+ 1/2)/ce for only n= 1 have been observed in 
the aurora by KELLOGG et al. (1978). In the present experiment, the emissions up 

to n=5 have been observed together with the emissions related to fpe or funR· The 
behavior of (n+ 1/2)/ce emissions, that is, the intense emission appearing when 

(n+ l /2)/ce ==fpe or funR, is similar to those observed in the outer magnetosphere (SHAW 

and GURNETT, 1975) and in the region just outside the plasma-pause (KURTH et al., 
1979 ; GURNETT et al., 1979). The odd half-harmonic emissions (n+ 1/2)/ce which are 

smaller than fun R have been also excited by electron beams in laboratory experiments 
(IDEHARA et al., 1969 ; BERNSTEIN et al., 1975). Therefore, (n+ 1/2)/ce emissions are 
considered to be electron Bernstein modes. The modes become unstable when the 
distribution function of electrons has a region of positive slope with respect to the 
perpendicular velocity like the loss cone distribution, according to the theoretical 
studies (ASHOUR-ABDALLA and KENNEL, 1978 ; HUBBARD and BIRMINGHAM, 1978). 

However, the theory does not explain the coexistence of nfce and (n+ 1/2)/ce emissions 
as observed by this rocket. When precipitating electrons are monochromatic with 
a pitch angle of about zero and are considered to be a beam, one branch of the obliquely 
propagating cycrotron harmonic waves become unstable at two wavenumbers, that 
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is, at two frequencies between nfce and (n+ l )fce  for a given n, due to Cerenkov and 
anomalous effects of the beam (SEIDL, 1970). lDEHARA et al. (1969) have observed 
nfce and (n+ l/2)/ce emissions simultaneously when fpe�!ce in the electron beam and 
plasma system. 

The spectral width of the type 2 emissions is narrower than the band width of 
the receiver . Such a narrow band signal which is identified as the Bernstein mode 
has been observed KELLOGG et al. (1978). They consider it to be a natural emission 
since its frequency has shifted. In our case, except for three signals in Fig. 6 which 
are described below, the frequencies of type 2 emissions are rather constant. Due to 
the constancy of the frequencies and the narrow band, they are thought to originate 
from broadcasting radio waves from ground stations. The radio waves might excite 
electrostatic waves at an auroral boundary or might linearly converge to cyclotron 
harmonic waves at the density gradient which forms at north and south boundaries 
of the auroral arc. Then the electrostatic waves are amplified by the instabilities 
stated above. The three signals whose frequencies have shifted are around 1 .3 MHz 
at 115 km, 3.5 MHz at 120 km and 6.7 MHz at 120 km as seen in Fig. 6. However, 
their frequencies seem to shift not continuously but discontinuously since frequencies 
of radio waves transmitted from many radio stations are so closely distributed . 

4.3. Type 3 emission 
The type 3 emission whose frequency lies below the gyrofrequency (1 .2 MHz) 

is likely to be the whistler wave which has been observed by KELLOGG et al. (1978). 
The whistler wave which propagates near the resonance cone can strongly couple with 
precipitating electrons when fce �.Jpe · As is clearly seen for the flight times 61 .2 and 
65 .6 s in Fig. 4, the emission coexists with the intense burst-like noise which is thought 
to be the electron plasma oscillation or the upper hybrid wave. The coexistence of 
the whistler wave and the electron plasma wave has been studied experimentally in 
an electron-beam and plasma system in a laboratory (STENZEL, 1977). Such correla­
tion of whistler waves and electron plasma oscillation bursts has recently detected 
in the solar wind (KENNEL et al ., 1980). 

5. Conclusion 

Observation of the following three types of emissions has been made in an intense 
aurora by PWN-H on board the sounding rocket S-3IOJA-7 . 

1) A broad band, low level, burst-like emission whose upper-limiting frequency 
is correlated with fp e or fuHR and whose lower-limiting frequency is nearly constant 
at 1.4 MHz which is approximately equal to fee · 

2) Narrow band, high level emissions whose frequencies are nearly equal to 
nfce or (n+ 1/2)/ce • 

3) Whistler waves. 
The whistler waves are correlated with the burst-like em1ss10n. Simultaneous 

generation of nice and (n+ 1/2)/ce emissions with n as large as five has been observed 
for the first time by the present experiment. However, the generation mechanism of 
these emissions is uncertain since the velocity distribution function of electrons was 
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not measured. Therefore, simultaneous measurements of emissions and the velocity 

distribution of electrons parallel and perpendicular to the geomagnetic field should 

be performed in the future. 
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