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Experir.ental evidence is presented which shows small 
packets of electron plasma waves modulated by large 
amolitude jbliquely propagating non-linear ion plasma 
waves. Very often, but not always, the whole system is 
modulated by an oscillation near the ion gyro frequency or 
its harmonics. The ion waves seem to be similar to those 
measured in the current carrying auroral plasma. These 
results suggest that the generation of ion and electron 
waves in the auroral plasma may be correlated. 
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Introduction 

The observation of "spiky" electric fields at 
altitudes of 1RE above the auroral zone by Teraerin et al. 
(1982) has lead to the suggestion that these fields may be 
ion acoustic solitons. As they tend to occur in wave 
trains of a few hundred pulses they can be considered as 
constituting "spiky plasma turbulence" and can be invoked 
to explain the acceleration of auroral particles. This 
problem has been studied theoretically by Lotko and Kennel 
(1983) who show that the intermittent, pulsed electric 
fields can evolve from initially small amplitude ion 
acoustic solitons. 

In thid letter we present preliminary experimental 
evidence from a magnetized beam-plasma device which shows 
the existence of large amplitude (eri/kT .1) ion waves 
propagating obliquely to the magnetic field B . The 
measured wave speed parallel to B is ten times the ion 
acoustic speed. In addition we observe bursts of electron 
plasma waves with the same periodicity as the large 
amplitude ion waves. 

Experiment 

The experimental device (WOMBAT), is as used for the 
previously reported Beam Plasma Discharge (BPD) 
experiment (Boswell and Kellogg, 1983). Briefly, WOMBAT 
comprises a nonmagnetic stainless steel vacuum vessel 
200 cm long and 100 cm diameter within which a coaxial 
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solenoid of 80 cm diameter provides a magnetic field of up 
to 200 gauss. The central 100 cm is uniform on axis to 
better than 0.3£« Radially and axially movable probes are 
used to measure the wave fields. The apparatus had a base 
pressure of 6 x 10~ torr of dry air. An electron gun at 
one end of the uniform field region produced a 1 cm 
diameter beam parallel to B with a divergence of less 
than 30°, energy E. between 50 and 100 volts and current 
I. between 1 and 60 mA respectively. The beam was 
terminated by an earthed 20 cm diameter copper plate. 
Using larger diameter plates had little ' effect on the 
observed phenomena. 

The experiment was conducted in much the same way as 
the BPD experiments and involved keeping all experimental 
parameters constant except the gun current which was 
gradually increased from 10" A up to the maximum allowed 
by the perveance of the gun, generally a few milliamps. 
High and low frequency waves were recorded simultaneously 
as were the light output and plasma density. One of the 
plasma parameters was then changed and the process 
repeated. Typically the system passes through various 
pnases $ as the beam current is increased ^ which are 
enumerated below in order of ascending beam current. 

a) The non-neutral phase where the potential well formed 
by the space charge of the beam is insufficiently 
deep to trap ions: low frequency oscillations 
generated by E x B forces are observed. 
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b) Ion wave phase typified by chaotic behaviour of large 
amplitude waves near the ion plasma frequency 
generally modulated by a sawtooth wave at the ion 
cyclotron frequency or its harmonics. 

c) The transition region, which is the main topic of 
this letter. Groups of small amplitude electron 
plasma wav±s are observed with the same periodicity 
as the large amplitude ion plasma waves, which are 
also usually modulated at the ion cyclotron frequency 
and propagate at about 80 to the magnetic field. 

d) The Beam Plasma Discharge. Very large amplitude 
electron waves accelerate the background electrons to 
above the ionization potential and increase the 
ionization rate. The ion waves persist in this phase 
but are not correlated with the BPD phenomena. 
(Boswell et. al., 1984.) 

It should be noted that in this experiment the large 
amplitude ion waves always precede the appearance of the 
electron waves as the current is slowly (i.e.x >> cu ~ ) 
increased. 

To determine whether the transition region occurs only 
under specific conditions,a parameter search was carried 
out for varying background gas pressures, magnetic fields, 
beam energies and beam currents. An example is given in 
figure 1 where the error bars show the measured transition 
region in- the beam current - pressure plane for a beam 
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erersy cf 50 eV. The solid line is the prediction for 
•precursor* oscillations derived from the scaling law 
given in Boswell and Kellogg, 1983. The agreement is very 
good and the sealing of the transition region follows that 
of BPD1. Since the electron waves occurred in bursts with 
rise times of the order of 10~ s the detection probes 
used were basically single Langmuir probes terminated* with 
50 ft. In this way both the high and low frequencies could 
be detected simultaneously. Operated as a normal Langmuir 
probe, electron temperatures of the order, of 5 eV were 
measured. The ion temperatures were estimated to be less 
than 'i eV. The amplitude of the ion waves was determined 
by terminating the Langmuir probe with a high impedance 
(1 Mil) and measuring the potential fluctuations 6 

directly in volts. These were typically between 1 and 10 
volts peak to peak, being roughly proportional to the beam 
current in the transition region. The waves are therefore 
of large amplitude (eri/kT ~ 1). In figure 2, the real 
time waveforms are shown on different time scales at the 
beginning of the transition region. The data were taken 
with a fast analogue to digital converter with a 
horizontal resolution of 256 points and vertical 
resolution of 8 bits (also 256 points). Figure 2a shows 
the form of the ion wave: on this time scale the 
horizontal resolution is inadequate to show the electron 
wave except as a few aliased points toward the erd of the 
negative excursion of the ion wave. An expanded portion of 
half a period of the ion wave is shown in 2(b) where the 
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group of electron oscillations can be clearly seen. A 
further expansion in 2(c) shows the waveform of the 
electron wave. The ratio of the frequencies is the square 
root of the mass ratio for N */e~ which supports the 
identification of the waves as electrostatic ion and 
electron plasma waves propagating close to the ion and 
electron plasma frequencies respectively. Measurement of 
the parallel velocity of the ion waves using phase 

• 7 -1 detection methods yields a velocity _ 10 cm s which is 
approximately t?n times the ion acoustic speed. Using the 
same method shows a phase difference of 180° between 
probes on opposite sides of the beam so the azimuthal mode 
number is probably m=1. Relative measurements of the 
saturated ion current to the probe as it is moved across 
the beam show that the plasma has a radius half-width of 
about 4 cm. Using a similarity argument it is simple to 
show that one wavelength of the wave fitted azimuthally at 
a radius of H en. yields an azimuthal wave velocity of 
10 cm s~ which is close to the ion acoustic speed of 
1.3 x 10 cm s for Mp+ Hence we identify the ion wave as 
being a sound wave of large amplitude and propagating at 
about 80° to the direction of the B . 

o 
Moving the axial probe and using the radial probe as 

reference the parallel velocity of the electron wave was 
measured and found to be the same as the electron beam 
velocity. 
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As the beam current is increases through the 
transition region, the amplitude of the electron waves 
increases and the waveform becomes progressively more 
distorted although the wave group remained correlated with 
the ion wave. 

In figure 3, an example of this behaviour is shown for 
a beam current near the high end of the transition region. 
The time scales are the same as in figure 2. In 3(c), 
which shows the waveform from measurements every 8 ns, 
there is quite clear evidence that the original 10 MHz 
wave has period doubled. We are not sure of the reason for 
this but a strong possibility would involve some form of 
trapping of the beam electrons. At higher beam currents, 
the electron waves increase in frequency and amplitude, 
become uncorrelated with the ion waves, and BPD1 is 
initiated. 

In conclusion, evidence from a beam-plasma experiment 
has been presented which shows that under conditions 
governed by a simple scaling law, bursts of electrostatic 
waves at the electron plasma frequency occur with the same 
periodicity as large obliquely propagating ion waves. The 
electron waves become highly nonlinear as the beam current 
is increased, showing strong period doubling. The whole 
system is generally modulated on a much longer time scale 
by the ion cyclotron frequency. The . large amplitude ion 
waves presumably modulate the growth or damping mechanisms 
for the electron waves with the result that both waves 
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appear to propagate as a single entity. 

If these results are valid in the larger auroral 
system, it is likely that the "spiky" electric fields 
reported by Temerin et al. (1982) may have associated high 
frequency groups of electrostatic electron plasma waves. 
Mode transformation in the density gradients of the- ion 
wave could transform the electrostatic waves to 
electromagnetic waves which would be detected as short 
lived (_ 100 oscillations) bursts coming from a source 
moving perpendicular to B at the ion acoustic speed and 
parallel to B at about ten times that speed. 
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Ficnire Captions 

Ficr.l. Region in the beam current-pressure plane where the 
ion and electron waves (the transition region) are seen is 
shown by the width of the error bars. Below this region 
only ion waves are observed. 

Ficr.2. Waveforms at low current end of transition region. 
Eja = 90 eV, B 0 = 72 g a u s s , P = 1 .1 x 1 0 - 5 t o r r , 

I b = 3 l 4 mA. 

(a) 100 us full scale; (b) 10 ys full scale; '(c) 2 ys full 
scale. 

Fig.3. Waveforms at high current end of transition region. 
E^ = 50 eV, B Q » 72 gauss, P = 10~5 torr, 1^ ~ 3 mA. 
(a) 100 ys full scale; (b) 10 ys full scale; (c) 2 ys full 
scale. 
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