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ABSTRACT

A rocket was launched to the south-east from Wallops
Island, Virginia (37.95° N, 284.53° E, 67.5° dip angle) on
October 30, 2007 at 12:12 AM into a midlatitude spread F
condition. The spread F was likely associated with
geomagnetic activity as indicated by an abrupt Kp increase a
few hours before the launch. The instruments aboard the
rocket measured the neutral wind, electric field and plasma
density in the spread F region; these are the first in-situ
observations of these fundamental parameters In a
midlatitude spread F event.

INTRODUCTION
lonospheric irregularities are tempora and spatial variations
of the eectron density lasting from a few minutes up to
several hours. In the lower latitude regions such irregularities
exhibit structure over a large range of scale sizes, the
phenomenon is called Equatorial Spread F. Occurrence of
similar irregularities in the midlatitude F region is called
Midlatitude Spread F (MSF), but a midlatitudes the
mechanism of formation of spread F is not well understood.
Gravity waves are widely recognized as a necessary
precondition which potentially cause these density
perturbations in the F region [Kelley & Fukao, 1991; Oliver et
al., 1994].

The data in the O-Mode trace are used to generate

lonograms for identifying MSF occurrence. lonograms
obtained during MSF events show a spread in virtual
reflection heights for the F region trace that is significantly
greater than that obtained for a normal ionosphere. The spread
observed on the ionograms can be classified as range or

frequency spread. Range spread refers to a condition in
which there are multiple echoes at different heights for the
same frequency. Freguency spread refers to the case Iin
which multiple echoes occur at different frequencies for the
same height. Figure 2 shows a spread ionogram from the
launch night.

ROCKET SCHEMATIC

The mother payload schematic is shown in Figure 2.
Number 48 (near the top) points to the HATI instrument
which measures the horizontal neutral wind vector. There
were two electric field booms on the flight; one boom is
visible near number 55. The booms measure the potential
difference between the spheres mounted on the two ends,
and this measurement when divided by the boom length

givesthe eectric field along the direction of the boom.

FIGURE 2 — Schematic of mother payload

DATA PRESENTATION

Figure 2 shows an ionogram from the night of the launch.
The ionogram is taken at 12:20 AM, just at the beginning
of the spread F event. The x-axis Is the frequency in MHz,
while the y-axisisthevirtua height in km. Virtua height is
the path traversed by the ray from the transmitter to the
lonosphere, assuming speed of light propagation.

FIGURE 2 — An ionogram from the launch night at 12:20
AM displaying a spread F event. The x-axisis the frequency
In MHz and the y-axisisthe virtual height in km.

Figure 3 displays the raw telemetry data from HATI and the
electric field booms. Panel 1 shows the data for the eectric
field and pressure gauge ratio channels used for measuring
wind direction. Panel 2 shows the two pressure channels used
for measuring the wind amplitude. The data are shown for
the F region, where the spreading occurred.

FIGURE 3 — Raw data from telemetry showing electric field,
pressure gauge ratios for wind direction, and pressure
gauges for wind amplitude measurement.

Figure 4 displays the direction and amplitude of the
electric fieddd In a geographic coordinate system. Also
shown Is the plasma density profile from the Langmuir
probe data. The density data shows a double F2 peak,
possibly indicating the presence of a gravity wave.

FIGURE 4 - Electric field and plasma density are
plotted vs. altitude. The solid line refers to the density
while the symbols refer to the eectric field amplitude

(top axis).

Figure 5 displays the wind direction obtained from the
phases of the pressure ratio channes, and the wind
amplitude obtained from the pressure channels.

FIGURE 5 — Neutral wind and density are plotted vs.
altitude. The solid line refers to the density while the
symbolsrefer to the wind amplitude.

According to Perkins [1973], the maximum instability
growth rate due to a nighttime north-south electric field is

given by

where E and B are the measured electric field and magnetic
field respectively, H is the scale height. D is the dip angle
and isthe direction of the electric field measured counter
clockwise with respect to magnetic east direction.

DISCUSSION

The éectric field is small and in the south-west direction
throughout most of the flight. The wind during this spread F
event was consistently in the north-west direction a F-region
altitudes during the rocket flight. According to Perkins
[1973] a north-south component of the electric field and or
an east-west component of the neutral wind Is unstable.
There is no evidence of small scale structure in the plasma
density.

Figure 6 displays |E+uxB| and the maximum growth rates
as defined by Perkins[1973].

FIGURE 6 — |E+uxB| and maximum growth rate as
defined by Perkinsusing E and E=-(uxB).

Figure 6 shows that |E+uxB]| is not equal to O, thus collisions
and pressure gradient forces cannot be neglected for the spread
F event. As seen from the figure, the growth rates for both
wind and €electric field driven cases are very small. Since the
onset of the spreading event was very abrupt,it can be inferred
that plasma instability was not responsible for this spread F
event. A more likely explanation by Bowman [199]] is that
midlatitude spread F events are more generally signatures of a
propagating gravity wave. This hypothesis appears to agree
with our observation of two F2 peaks in the plasma density
profile (Figures 4-5). The gravity waves cause the ionosphere
to oscillate and the resultant tilt in the ionospheric layers
causes the signals to reflect, indicating a spread F event on the
lonogram.

FUTURE WORK
Build a 2-d numerica model to study the interactions
between RF sounder signals and the structured bottom-side

of the F region.
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