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ON THE ROCKET-INDUCED WAVE DISTURBANCES IN THE DAYTIME EQUATORIAL IONOSPHERE
M. A. Abdu, P. Muralikrighna, and I. §. Batista
Instituto de Pesquisas Espaciais, Sao José dos Campos, Sao Paulo, Brazil
A. H. P, Chaves

Instituto de Atividades Espaclats-Centro Técnico Aeroespacial
Sao José dos Campos, Sao Paulo, Brazil

Abstract, In situ wmeasurements of daytime
equatorial iomospheric E and F region electron
densities were carried out using a high-frequency
capacitance probe on board a SONDA III rocket
launched from Natal, Brazil, on July 26,1984,
Wave structures 1in the electron density profile
having a scale length of ~1.5 km to ~10 km and
amplitude of ~10 percent of the ambient density
were detected during the downleg trajectory.
Possible sources of these waves are discussed,
and their possible implication for irregularity
formation under nighttime conditions 1is briefly
mentioned.

Introduction

In sita measurements of the equatorial daytime
ionosphere over Natal, Brazil, were carried out
using an electron density probe mounted on a
SONDA III rocket that was launched at 1505 LT
{1805 UT) on July 26, 1984, from the launch base
at Barreira do Inferno (1298, 38°W, -11° dip).
Successful measurements were obtained during both
the upleg and the downleg of the trajectory that
reached an apogee of 566 km. The electron
density detector used in the experiment was a
high-frequency capacitance {HFC) probe [Heikkila
et al., 1968; Rao et al., 1970]. Briefly, the
HFC probe wutilized the nose tip of the rocket as
a capacitance element that determined the
frequency of a stable oscillator whose operation
in a2 double-frequency mode (~10 MHz and ~5 MHz)
was achleved by switching at a2 convenient rate
between two sultably selected inductors. Changes
in the capacitance of the nose tip produced by
the ionosphere modify the oscillator frequency f,
by Af, which is related to the ambient electron
density (neglecting the electron-neutral
collision frequency and electron gyrofrequency)
by the relation N = (2£2/f,) 81 SK Af, where fo
is the f£free space frequency, $§ is the ion sheath
factor (approximately 0.5 at E region heights),
and K = Co/(Cq + Cg) 18 a sensitivity factor, Co
being the free space capacitance of the sensor
and Cg; the stray capacitance of the oscillator



asgsembly. 1In the dual-frequency mode, when the
osclllator operates at one frequency, the
frequency information in the other mode is
transmitted, and vice versa, for equal durations
of ~120 ms each, thus forming an operation cycle
of ~240 ws. For calibration purposes {(namely,
for obtaining conditions approaching those of
free space), a negative voltage of ~100 V is
applied to the sensor during one out of every
four cycles of operation. The height resolution
of the measurements, thus, varied from about
800 m in the E vreglion to about 100 m in the F
region and near the apogee. The rocket had a
spin rate of ~5 vrps and precession rate, to be
discussed below, of ~0.07 rps (a period of
~15 s).

Results

The electron densities calculated using the Af
measured in the 10-MHz mode and using an 8 factor
of 0.5 are shown in Figure 1 for the upleg and
downleg, starting from 95 km (the lowest height
sensitive to 10 MHz) up to the apogee of 566 km.
The E 1layer peak occurred at 112 km, where the
density deduced from the Fortaleza (some 400 km
westward of Natal) lonogram is also marked, which
showed that there is good agreement between the
two results. The discontinuity of the data
between 270 km and 455 km during the upleg and
between 420 km and 292 km during the downleg is
due to the limitation imposed by the oscillator
frequency becoming equal to the plasma frequency
at these heights, which resulted in the failure
of the oscillator operation, (Although on one
hand this situation has resulted in the loss of
data on the peak density, it has, on the other
hand, provided reliasble absolute densities at two
adjacent heights on either side of the F: peak.)
There are some significant differences between
the upleg and downleg electron density profiles,
more than what can be explained by the geographic
{(and local time) separation of the two parts of
the trajectories. The downleg profile is
characterized by the presence of significant wave
structure, but the average shape of the curve
would suggest densities significantly less than
in the upleg part, These low densities are
produced as a result of the HFC sensor's being
situated in the rocket wake during the descent,
We shall not discuss in this paper the absolute
densities or thelr height distributions; rather
we shall focus our attention on the wave



structure superimposed on the descent profile,
the subject of the present report.

In Figure 2a we have shown the downleg profile
below 300 km, and in Figure 2b the same profile
after passing through a band-pass fillter to
remove the 20 to 50 km scale modulation on the
profile. The filtered component is plotted in
Figure 2¢ together with the wmagnetic field =z
component measured by the on-board magnetometer.
The almost perfect correlation, with a certain
time shift, between them shows that the electron
density profile modulation with scale sizes of
~ 30~40 km is 1indeed produced by our sampling the
density distribution in the wake region during
the rocket precession.

The wave disturbances of shorter wavelength
that are present in Figure 2b, shown separately
in Figure 2d, are our primary concern here. They
are related neither to the rocket spin rate
(which was ~5 rps) nor to any operational
sequences of the payload instrumentation (less
than 1 s as mentioned before), which leads us to
the conclusion that they are real modulations in
the ambient electron densitles seen by the
instrument only during the downleg trajectory of
the rocket., The wavelengths and periocds of these
disturbances are plotted in Figure 3, considering
only the region where the wave structure and
period could be clearly identified. The absence
of data between ~290 km and -~ 420 km, of course,
represents the same region of the absence of data
in Figure 1. The wavelength of the disturbances
is seen to increase from approximately 1.5 km
near 500 km height to ~ 10 km near 135 km, the
height up to which these waves were clearly
defined, indicating that in the hefght range
around 350 km the wavelength varied by a factor
of -6, (The occurrence of the E layer peak at
112 km together with other fluctuations in the
density has made difficult a clear identification
of these waves below 135 km.)

In the search for a source of these waves, the
possible role of acoustic gravity waves seems to
be immediately ruled out since the wave period at
the lower height limit, 135 km (see Figure 3),
is well below the Brunt-Vaisala period, given by

—1/f2
-1 't M .
Tb = 2n g [—1-.— —R-f} z 8 min

appropriate for this height (M 4is the mean
molecular weight; R the universal gas constant; T
the temperature; and I the specific heat ratio),



and decreases with increase in height, whereas T

should show 1increase with height. The presence
of a plane acoustic wave with frequency well
above the acoustic cutoff frequency might be
thought of as a possible alternative. The high-
frequency 1limit of Hine's ([1960] dispersion
relation, o* = C? (ki + k), might seem to be
valid in this case 1if we assume that the rocket
traversed a region in which a plane acoustic wave
was propagating with a  propagation vector
suitable to satisfy this relationship; the
vertical wavelength was increasing primarily by
the increase in the vertical velocity component
experienced in the downleg of the parabolic
trajectory. But the presence of waves confined
only to the downleg trajectory might invoke a
hypothesis of their possible generation during
the upleg flight of the rocket,. Under such a
hypothesis, their detection on the downleg will
require propagation of these waves to long
distances (up to ~350 km, which is the horizontal
range near an altitude of ~140 km), which 1is
highly unlikely due to the rapid attenuation
suffered by this spectral region of the acoustic
waves at these heights ([Hines, 1960]. On the
other hand, any possible disturbance generated by
the rocket body (approximately 4.5 m 1long,
including the payload section and the burnt-out
second stage) during the descent could be
detected by the electron density sensor situated
in the wake region. We are of the view that our
observation might indeed represent the detection
of such waves by the sensor before they are
attenuated in the amblent medium. It is
interesting to note further that the change in
the period of these disturbances by a factor of
~2 (as obtained from Figure 3), between 450 and
150 km, is closely comparable to the factor of
variation in the rocket velocity within the same
height range, suggesting thereby an approximately
linear dependence of the disturbance period on
the rocket velocity.

Conciuding Remarks

The wave pattern In the count rate of the
oscillation frequency measured by the rocket does
represent disturbances 1in the dionization having
wavelengths from ~ 1.5 to ~10 km and periods ~1.5
to 3.8 s and 1s not associated with any well-
known rocket performance feature, such as the
spin or precession rate, or with the payload
performance characteristics, Since propagating
waves in the acoustic spectrum (that have high



attenuation at these heights) could not have
caused detection of such a disturbance, we have
postulated their generation by the rocket body
itself during the descent part, the detection
having been made possible by the location of the
sensor in the wake region. Identical perturbation
amplitudes would be present in the neutral and
ionized components in the magnetic field 1line
parallel direction d1n which the rocket velocity
has a significant component, which might be
responsible for this direct detection of the
plasma fluctuations. In the field line
perpendicular direction, observable plasma
fluctuations could be induced by the neutral
pressure fluctuations depending upon the values
of the ion-neutral chemistry and dynamic
interaction time constants in relation to the
fluctuation period.

The rapid attenuation of the perturbations in
the medium does pose problems for  thelr
investigation by other independent diagnostic
techniques. However, if such disturbances could
trigger a plasma instability mechanism to
generate intermediate-~ or shorter-scale
ionization  irregularities under favorable
nighttime equatorial ionospheric conditions,  then
their detection by well-known  ground-based
diagnostic techniques presents itself as a good
possibility. The amplitude of the perturbation
is adequate compared to those used (57) in the
simulations based on the nonlinear theory of
irregularity development [Zalesak et al., 1982]
(see also the review article by Kelley [1985]).
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Fig. 1, Electron densities calculated (on the
INPE 1 flight) wusing the Af measured at 10 MHz
and using an 8 factor of 0,5 durlng the ascent
and descent of the rocket. The point marked at
112 km represents the electron density
representing f¢E obtained from the Fortaleza
ionogram. (Regarding the discontinuity of data,
see the text.)

Fig. 2. (a) Electron density profiles for the
INPE 1 flight corresponding to the downleg of the
trajectory from 300 km to 95 km. {b) The same
profiles after passing through a band-pass filter
to remove the 20 to 50 km scale modulation in the
density. (¢) The filtered component plotted
together with the magnetic field z component that
indicates the precession rate of the rocket., (d)
Shorter-wavelength disturbances filtered out of
the profile (Figure 2a).

Fig. 3., The wavelength and period of the
shorter-scale disturbances 1in Figure 2d plotted
as a function of altitude. Linear least squares
fit lines are also drawn for each set of points.
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ON THE ROCKET-INDUCED WAVE DISTURBANCES IN THE DAYTIME EQUATORIAL IONOSPHERE
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A. H. P, Chaves
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Abstract, In situ measutements of daytime
equatorial ionospheric E and F region electron
densities were carried out using a high~frequency
capacitance probe on board a SONDA III rocket
launched from Natal, Brazil., on July 26, 1584.
Wave structures in the electron density profile
having a scale length of ~1.5 km to ~10 km and
amplitude of -10 percent of the ambient density
were detected during the downleg trajectory.
Ppssible sources of these waves are discussed,
and their possible implication for irregularicy
formation under nighttime conditions 1is briefly
mentioned,

Introduction

in sicue measurements of the equatorial daytime
ionosphere over Natal, Brazil, were carried out
using an electron demsicy probe mounted on a
SONDA TII tocket that was launched at 1505 LT
(1805 UT) on July 26, 1984, from the launch base
at Barreira do Inferno (1298, 38°W, -11° dip).
Successful measurements were obtained during both
the upleg and the downleg of the trajectory that
reached an apogee of 566 km. The electron
density detector used in the experiment was a
high-frequency capacitance (HFC) probe [Helkkila
et al., 1968; Rao et al,, 1970). Briefly, the
HFC probe wutilized the nose tip of the rocket as
a capacitauce element that determined the
frequency of a stable oscillator whose operation
in a double~frequency mode (-10 MHz and ~5 MHz)
was achleved by switching &t a convenient rate
between two suitably selected inductors. Changes
in the capacitance of the nose tip produced by
the ionosphere modify the oscillator frequency f,
by Af, which is related to the ambient electron
density (neglecting the electron-neutral
colligion frequency and electromn gyrofrequency)
by the relation N = (2£2/£,) 81 SK af, where fy
ts the free space frequency, S is the ion sheath
factor (approximately 0.5 at E region heights),
and K = Co/(Cy + C) 1s a sensitivity factor, (,
being the free space capacitance of the sensor
and C, the stray capacitance of the oscillator
assembly. In the dual-frequency mode, when the
oscillator operates at one frequency, the
frequency information in the other mode is
transmitted, and vice versa, for equal durations
of ~120 ws each, thus forming an operation cycle
of ~240 ms. For calibration purposes (namely,

Copyright 1988 by the American Geophysfcal Union,

Paper number 749225,
0148-0227/88/007A-9225302,00

for obtaining conditions
free space), a negative

approaching those of
voltage of ~100 V is

applied to the sensor during one out of every
four cycles of operation, The height resolution
of the measurements, thus, varied from about

800 » in the E region to about 100 m in the F
region and near the apogee. The rocket had a
spin rate of 5 rps and precession rate, to be
discussed below, of -0.07 rps (a period of
~15 g).

Results

The electron densities calculated using the af
measured in the 10-MHz mode and using an 8 factor
of 0.5 are shown in Figure 1 for the upleg and
downleg, starting from 95 km {the lowest height
sensitive to 10 MHz) up to the apogee of 566 km.
The E layer peak occurred at 112 km, where the
density deduced from the Fortaleza (some 400 km
westward of Natal) ionogram 1s also marked, which

showed that there iz good agreement between the
two results. The discontinuity of the data
between 270 km and 455 km during the upleg and

between 420 km and 292 km during the downleg is
due to the limitation imposed by the oscillator
frequency becoming equal to the plasma frequency
at these heights, which resulted in the fallure
of the oscillator operation. (Although onh one
hand this situation has resulted in the loss of
data on the peak density, it has, on the other
hand, provided reliable absolute densities at two
adjacent heights on either side of the F: peak.)
There are some significant differences between
the upleg and downleg electron density profiles,
more than what can be explained by the geographic
{and local time) separation of the two parts of
the crajectories. The downleg profile is
characterized by the presence of significant wave
structure, but the average shape of the curve
would suggest densities significantly less than
in the upleg part.  These low densities are
produced as a result of the HFC sensor's being
situated in the rocket wake during the descent.
We shall not discuss in this paper the absolute
densities or their height distributions; rather
we shall focus our attention on the wave
structure superimposed on the descent profile,
the subject of the present report.

In Figure 2a we have shown the downleg profile
below 300 km, and in Figure 2b the same profile
after passing through a band-pass filter to
remove the 20 to 50 km scale modulation on the
profile. The filtered component iz plotted in
Figure 2c together with the magnetic field =z
compontent measured by the on-board magnetometer.
The almost perfect correlation, with a certain

2758
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Fig. 1. Electron densities calculated {(on the

INPE 1 flight) wusing the Af measured at 10 MHz
and using an 8§ factor of 0.5 during the ascent
and descent of the rocket. The pelnt marked at
112 km represents the electron density
representing foE obtained from the Fortaleza
ionogram. (Regarding the discontinuity of data,
see the text.)

time shift, between them shows that the electron
dengity profile modulation with scale sizes of
~30-40 km is indeed produced by our sampling the
density distribution in the wake region during
the rocket precession.

The wave disturbances of shorter wavelength
that are present in Figure 2b, shown separately
in Figure 2d, are our primary concern here. They
are related meilther to the rocket spin rate
{which was ~5 rps) unor to any operational
sequences of the payload instrumentation (less
than 1 s as mentioned before), which leads us to
the conclusion that they are real modulations in
the ambient electron densities seen by the
instrument only during the downleg trajectory of
the rocket, The wavelengths and periods of these
disturbances are plotted in Figure 3, cousidering
only the region where the wave structure and
period could be clearly identified. The absence
of data between -290 km and - 420 km, of course,
represents the same reglon of the absence of data
in Figure 1. The wavelength of the disturbances
is seen to increase from approximately 1.5 km
near 500 km height to - 10 km near 135 km, the
height up to which these waves were clearly
defined, indicating that in the height range
around 350 ¥m the wavelength varied by a factor
of ~6. (The occurrence of the E layer peak at
112 km together with other fluctuations in the
density has made difficult a clear identification
of these waves below 135 km.)

In the gearch for a source of these waves, the
possible role of acoustic gravity waves seems to
be itmediately ruled cut since the wave period at
the lower height limit, 135 lm (see Figure 3},

is well below the Brunt-Vaisala period, given by

. 2
-1 |[I'=1 M .
Tb = 2n g ["'f.- E.—l.-] Z § min

appropriate for this height (M is the mean
molecular weight; R the universal gas counstant; T
the temperature; and [ the specific heat ratio),
and decreases with increase in height, whereas T
should show 1increase with height. The presence
of a plane acoustic wave with frequency well

above the acoustic cutoff frequency might be
thought of as a possible alternative, The high-
frequency 1limit of Hine's [1960] dispersion

relation, «* = C? (k} + k1), might seem to be
valid in this case if we assume that the rocket
traversed a region in which a plane acoustic wave
was propagating with a propagation vector
suitable to satisfy this relationship; the
vertical wavelength was increasing primarily by
the increase in the vertical velocity component
experienced in the downleg of the parabolic
trajectory. But the presence of waves counfined

only to the downleg trajectory wight 1invoke a
hypothesis of their possible generation during
the upleg flight of the rocket. Under such a

hypothesis, their detection on the downleg will
require propagatiom of these waves to long
distances (up to ~350 km, which is the horizontal
range near an altitude of -140 km), which is
highly unlikely due to the vapid attenuation
suffered by this spectral region of the acoustic
waves at these heights [Hines, 1960]. On the
other hand, any possible disturbance generated by
the rocket body (approximately 4.5 m long.
including the payload section and the burnt-~out
second stage) during the descent could be
detected by the electrom density sensor situated
in the wake tegion. We are of the view that our
observation might indeed represent the detection
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Fig. 2. (a) Electron density profiles for the
INPE 1 flight corresponding to the downleg of the
trajectory from 300 km to 95 km. (b) The same
profiles after passing through a band-pass filter
to remove the 20 to 50 km scale modulation in the
density. {c) The filtered component plotted
together with the magnetic field z component that
indicates the precession rate of the rocket. ({(d}
Shorter~wavelength disturbances filtered out of
the profile (Figure 2a).
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Fig. 3. The wavelength and period of the

shorter-scale disturbances in Figure 2d plotted
as a4 function of altitude, Linear least squares
fir lines are also drawn for each set of points.

of such waves by the sensor before they are
attenuated in  the ambieat medium. It is
interesting to note further that the change in
the period of these disturbances by a factor of
«2 (as obtained from Figure 3), between 450 and
150 km, is closely comparable to the factor of
variation in the rocket velocity within the same
height range, suggesting thereby an approximately
linear dependernce of the disturbance period on
the rocket velocity.

Concluding Remarks

The wave pattern in the count rate of the
oscillation frequency measured by the rocket does
represent disturbances in the ionization having
wavelengths from - 1.5 to - 10 km and periods - 1.5
to 3.8 s and 41is not assoclated with any well-
known rocket performance feature, such as the
spin or precession rate, or with the payload
performance characteristics. Since propagating
waves in the acoustic spectrum (that have high
attenuation at these heights) could mnot have
caused detection of such a disturbance, we have
postulated their generation by the rocket body
itself during the descent part, the detection
having been made possible by the location of the
sensor in the wake region. Identical perturbation
amplitudes would be present in the neutral and
ionized compounents i1in the magnetic ‘field line
parallel direction im which the rocket velocity
has a eignificant component, which might be
responsible for this direct detection of the
plasma  fluctuations. In the field 1line

perpendicular direction, observable plasma
fluctuations could be induced by the neutral
pressure fluctuations dJepending upon the values
of the dion-meutral chemistry and dynamic
interaction time constants in relation to the
fluctuation period.

The rapid attenuation of the perturbations in
the medium does pose . problems for. _ their
investigation by other independent diagnostic

techniques., However, if such disturbances could
trigger a plasma instability mechanism teo
generate intermediate- or shorter-scale
lonization dirregularities under favorable

nighttime equatorial ionospheric conditions, then
their detection by well-known  ground-based
diagnostic techniques presents itself as a good
possibilicy. The amplitude of the perturbation
1s adequate compared to those used {(52) in the
simulations based on the mnonlinear theoxry of
irregularity development [Zalesak et al., 1982]
{see also the review article by Kelley [1985]).
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