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Abstract. We present results of electric field measurements1997; Rapp andiibken, 2004). Source mechanisms for both
made during the MASS rocket campaign in Andgya, Norwayare still not completely understood, however. PMSE were
into noctilucent clouds (NLC) and polar mesospheric sum-discovered with the introduction of 50 MHz radar at Poker
mer echoes (PMSE) on 3 August 2007. The instrument usedlat, Alaska (Ecklund and Balsley, 1981). They are caused
high input-impedance preamps to measure vertical and horby fluctuations in the free electron density on length scales
izontal electric fields. No large-amplitude geophysical elec-on the order of the radar half-wavelength. Such fluctuations
tric fields were detected in the cloud layers, but significantare within the viscous subrange, and therefore were not ex-
levels of electric field fluctuations were measured. Within the pected to last long — on the order of hours — at that scale and
cloud layer, the probe potentials relative to the rocket skinaltitude (Cho and Kelley, 1993). These density fluctuations
were driven negative by incident heavy charged aerosolsare thought to be maintained by large, negatively charged
The amplitude of spikes caused by probe shadowing wer@erosols which have much lower diffusivity than the ambi-
also larger in the NLC/PMSE region. We describe a methodent plasma (Rapp andibken, 2004).

for calculating positive ion conductivities using these shad- Though there are models for NLC and PMSE formation
owing spike amplitudes and the density of heavy chargedwhich largely agree with ground-based observatiorigbien
aerosols. et al., 2008; Rapp andilbken, 2004; Rapp and Thomas,
Keywords. Atmospheric  composition and  structure 2_006), there are less data ava_ilable for the comparison of ir_1
(Aerosols and particles) — lonosphere (Electric fields andSitu measurements to appropriate models. There are few di-

currents) — Meteorology and atmospheric dynamics (Atmo-reCt observations of turbulence and its effects on the elec-
spheric electricity) trical structure of NLC (lilbken et al., 2002). The electron

density fluctuations that reflect radar should create measur-
able electric field fluctuations (Lie-Svendsen et al., 2003a,b;
Robertson, 2007). Reduced conductivity due to electron
scavenging by large aerosols can create large DC electric
Noctilucent clouds (NLCs) are high altitude (82km) ice f1€1dS within NLC (Holzworth and Goldberg, 2004). Addi-
gonally, large voltage fluctuations were seen in the aft probes

clouds found at the polar summer mesopause. NLC hav )
been observed by eye and camera since 1885, though mo%—f both DROPPS rocket flights. Holzworth et al. (2001) and

ern measurements are most often done using lidar. Related f :gg:;\/;lztﬁ]t ?:{téi%%‘l())uih;v:sg r;ii;:uzgg asA ﬂ:ﬁ dﬁ‘?ﬂtgfe
NLC are polar mesospheric summer echoes (PMSE), whicl 9 '

are unusually strong radar echoes. They are also found 6[{)cket campaigns have flown electric field sensors to inves-
the polar summer mesopause, and are often co-located Witplgate these phenomena (Goldberg et al., 1993; Zadorozhny

NLC (Rapp and fibken, 2004). PMSE are thought to be et al., 1993; Holzworth et al., 2001; Pfaff et al., 2001; Blix

caused by subvisible ice particles, which then grow and segetal-, 2003; Strelnikov et al., 2006), but the data has, thusfar,

iment until they become visible as NLC (Cho andtRer, been too variable to draw generally a.pphcable.conclusmns.
The MASS/ECOMA rocket campaign was directed at de-
tecting NLC particles and meteoritic condensation nuclei. It

Correspondence tdsl. Shimogawa flew a large set of instruments, supported by the ALWIN
BY (shimo@u.washington.edu) radar (Latteck et al., 1999) and ALOMAR RMR lidar (von
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RAM V2 was also found to be similar to the DROPPS 1 spectra from
V6 A Pfaff et al. (2001), who suggested the turbulence was related
/ to the strong PMSE radar reflections caused by structure at
the Bragg scattering length. We also present a measure-
>~ 0.65m ment of the upper bound of the conductivity of positive ions
O/O/ within the cloud layer. The measurement relies on the bot-
V1 V5 tom boundary of the cloud layer being very sharp, and so the
analysis cannot be extended to other datasets. However, the
method works best within the cloud layer, which is a region
that presents some difficulty for more conventional methods
when large aerosols are present. We will report results on
the order of & 10-8 S/m which are consistent with measure-
ments made by Croskey et al. (2001) in similar conditions.

V4 y

/\8/0/ 2 Instrumentation
Skin

Figure 1 shows the configuration of the electric field probes

V7 on both MASS payloads. The presence of two probes on

V3 _ ) .
each boom allows for several different probe separation pairs.
3m The booms and probes were mechanically identical to those

flown on the DROPPS flights (Holzworth et al., 2001). The
electronics, though not identical to DROPPS, were similar.
They consisted of a high-impedance preamp in each spheri-

Fig. 1. MASS electric field probe arrangement. There were four | be. foll db lfi dule. Tel h
booms with two probes each; two booms on the forward deck platecal probe, tofllowed by an amplifier module. Telemetry chan-

and two mounted on the aft deck plate. THespherical probes N€lS included voltage differences between pairs of probes as
were coated with graphite paint. Voltage differences between pairdVell as between the probes and the rocket skin. All chan-
of probes, as well as the probe voltage relative to the rocket skinn€ls were sampled with 12-bit accuracy, but sampling rates
were telemetered. varied from 2 ksps to 33 ksps and gain varied from 0.25 to
10. Spatial resolution depends on the rocket velocity — about
1060 m/s — and was roughly 1 m—6cm, depending on the

Zahn et al., 2000), into NLC conditions to make a more Sampling rate. Noise due to the electronics was only impor-
comprehensive study of the phenomenon (Rapp et al., 2009ant in the least significant bit (0.6-23 mV, depending on the
Robertson et al., 2009). In addition to allowing correlation channel’s amplification). This technique has been used many
studies between the ion densities and electric field within thetimes in ionospheric rocket measurements (Fahleson et al.,
cloud layer, the MASS and ECOMA rockets add to the vari- 1970; Pfaff et al., 1984; Maynard, 1998; Holzworth et al.,
ety of conditions into which these instruments have flown.2001).

This diversity of environmental conditions is essential for

testing theoretical models throughout the parameter spac% Data

The two MASS payloads carried identical hardware (Robert-

son et al., 2009). The first flight went through moder{;\te NLC3_1 Overview

and PMSE events, as observed by the ALOMAR lidar and

ALWIN radar at Andgya rocket range, respectively; the sec-The MASS 1 flight (NASA designation 41.069) launched on
ond went through a somewhat weaker event. This paper wili August 2007 at 22:51UTC. The solar zenith angle was
address the electric field fluctuations and conductivity mea-4zpout 93, so the rocket was sunlit at the cloud altitude. Fig-
sured during the first MASS flight. ure 2 shows the PMSE observed by the ALWIN radar. There
We show here that the probes measured the expest®  is a double-peak structure, with peaks at 83 km and 88 km.
induced electric fields and spikes from shadowing of theThere were low-altitude clouds present at launch, and so we
probes by the rocket body. In addition, the probes moveddo not have lidar data of the launch conditions. However,
about 1V negative relative to the rocket body in the NLC re- NLC were detected by ALOMAR during breaks in the clouds
gion, possibly due to impacts of negatively charged aerosolsbefore and after the launch (Baumgarten et al., 2009).
The probes did not detect significant10 mV/m) DC fields Comparison of the measured electric field with the ex-
and no wake effects were seen. We show that this small D(ected inducea x B electric field (Fig. 3) shows that these
field perturbation is similar to that seen by the DROPPS 1channels worked as expected. The indueedB field was
flight Holzworth et al. (2001). The electric field spectrum calculated and removed in subsequent plots. The figld
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Fig. 3. Electric fields measured by several pairs of probes over a
5km region above the NLC layer. These are compared to the ex-
i pected induced x B electric field, calculated using the measuved
andB. The 2Hz oscillation is due to rotation of the rocket. This
a3 2247 2251 2254 2258 P52 27 33 51 shows that different pairs of probes, with different probe separa-
time / UT power/dB — tions, in the front and aft of the rocket all measure the same expected
DC electric field above the NLC event.

791

77t

Fig. 2. ALWIN radar data for 3 August 2007 flight. T-0 was

22:51UTC. Dataand plot from Ralph Latteck at the Leibniz-Institut jg very abrupt in the upper two panels, but the instruments
fur Atmosplfaren Physik. resolve this rapid change with many data points during the
transition. Notice that there are no large oscillations in the
aft-probe data {53+ Vs4) as seen in DROPPS (Holzworth
— which points from V1 to V2 —is given byV1—V2)/d12, et al., 2001; Sternovsky et al., 2004). This may be due to
where Vy is the voltage on probe V1V, is the voltage on  the wake being smaller in this flight, or perhaps it was more
probe V2, andf;; is the distance between probes V1 and symmetrically distributed about the rocket. Some differences
V2. Figure 3 shows thakEis, Ei1s, Ese, and E3q all mea-  between the forward and aft probes can be seen near 83 and
sure the same DC field — seen in the rotating rocket frame -88 km, and are probably due to rocket wake effects. How-
despite having different probe separation distances. Spikesver, these differences are significantly smaller than those
that are seen in all channels (for example, at 89.5km, 90 kmmodeled in Sternovsky et al. (2004).
92.3km, and 93.2km) are caused by vibrations and/or gas re- Figure 4c shows 15, the forward electric field in the cloud
leases from the attitude control system (ACS) valves. Smallayer. Thevx B electric field associated with the rocket ve-
periodic deviations in th&5 signal are possibly due to wake |ocity across the Earth’s magnetic field has been subtracted.
effects. Due to this rocket going slightly faster than expected.The periodic sharp spikes are due to the probes rotating into
the booms were deployed closer to the bottom of the cloudhe shadow of the rocket. The larger fluctuations at low al-
than expected and vibrations in the booms did not dampetitudes actually begin at lower altitudes than what is plot-
out quickly enough to observe the probes’ performance welked, and include what looks like a smaller patch of particles
below the NLC layer on the upleg portion. However, vi- below the main NLC event (Robertson et al., 2009). Data
brations are absent within the cloud layer, and the probegelow 82 km is rather noisy, however — particularly in the
behaved similarly until increasing air resistance broke theforward channels — due to boom deployment being slightly
booms off around 65 km on the downleg. Thus, the probeshigher in altitude than expected. Large fluctuations at the
accurately measured DC electric fields both above the cloudiower altitudes (83-85km) of the cloud layer give way to
and — on the downleg — below the cloud as well. smaller, higher frequency fluctuations in the middle altitudes
An overview of the aerosols and fields during the cloud (85—-87 km). The top of the cloud layer shows weaker fluctu-
passage is shown in Fig. 4. Figure 4a shows the chargations.
density of the largest aerosols- 3 nm radii) measured by Figure 4c also shows that the unperturbed plasma in front
the MASS instrument, as a function of altitude (Robertsonof the rocket ram did not record large DC fields in the cloud
et al., 2009). Figure 4b shows the rocket skin voltage with— in contrast to the strong NLC with no PMSE case in
respect to two sets of probes. The solid line is with respecDROPPS 2 presented by Holzworth and Goldberg (2004).
to the average of the forward probes V1 and V2 — that is, This result calls into question theories which require large
(Vs1+Vs2)/2 — and the dashed line is with respect to the DC electric fields for the formation or maintenance of NLC
average of the aft probes V3 and V4. Large spikes in theconditions. The model presented by D'Angelo (2005), for
Vs3+Vsa data at 84, 84.5, and 87 km seen in Fig. 4b are dueexample, requires electric fields on the order of a few tens of
to ACS valve firings. The onset of the cloud layer at 83 km mV/m for reasonable aerosol growth rates.
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Fig. 4. An overview of the cloud layera) Number densities of the heaviest aerosols measured by the MASS instrument, as a function of
altitude (Robertson et al., 2009)b) Change in the rocket-skin potential, with respect to the probe potential below the PMSE event, as a
function of altitude. The solid line is with respect to the average of probes V1 and V2, and the dashed line is with respect to the average of
probes V3 and V4. Notice how the profile follows the profile of the large negative aerosols. Large spike¥§g-+ig,4 data at 84, 84.5,

and 87 km are due to ACS valve firing&) The E15 field, measured by probes V1 and V2 — that is, the field perpendicular to the rocket
velocity. Thev x B electric field associated with the rocket velocity across the Earth’s magnetic field has been subtracted. The sharp, periodic
spikes are shadowing spikes, caused by the probe moving into the shadow of the rocket.

0.2 ‘ ‘ \ Ceoereen Comparing 4a and 4b, one can see that the shapes of the
Altitude ~ 83 km e ans two curves are similar. There is a sharp ledge at 83 km, fol-
0 Ve = lowed by a slow decrease, though it remains elevated relative

to the value below the cloud. It starts increasing again above

86 km, and then drops back down by 88km. The ampli-

o 7~ tude of the shadowing spikes also follows this general profile.
I e This suggests that the skin-to-probe voltage and shadowing

Saatnseadl i%ﬁ;i&jjgﬁ spike amplitudes are driven by the density of large charged
810 814 818 822 826 83  aerosols.
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3.2 Rapid potential changes

Fig. 5. A high time-resolution view of the onset of the NLC layerin Figure 5 is an expanded view of Fig. 4b, which shows the on-

Fig. 4b. The transition takes less than 10 ms, over much of which theset of the bottom of the NLC layer at 83 km. The transition

potential varies linearly with time/altitude. There is a delay betweentakes less than 10 ms (L0 m), and over much of that time the

the forward and aft channels of about 2.5ms, which is roughly thevoltage of the probes increases linearly with time/altitude,

time it takes for the aft probes to “catch Up" to where the forward which Suggests that a current to the probe has Suddemy been

probes were (at the rocket velocity of about 1 km/s). “switched on”. In Fig. 5, one can see a delay between the
forward and aft channels of about 2.5ms, which is roughly
the time it takes for the aft probes to “catch up” to where the
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forward probes were (at the rocket velocity of about 1 km/s).cal space potential. Above the NLC layer, the electron ther-

These two observations suggest that the onset of the NL@nal current is dominant. In both cases, the dominant voltage-
layer is very sharp: less than the 3 m vertical probe separadependent current to the probes is carried by electrons. As
tion. If it were not sharp, or if the feature was due to a shift such, the probe potential should be close to the local space
in the rocket-skin potential, there would not be a delay in thepotential, since the electrons have a high conductivity. This

two signals. If the change in the skin-to-probe voltage is dueis consistent with data above the cloud layer (Fig. 4c, above

primarily to changes in the probes, then it means the probe88 km).

;rr?lilt;\ iﬁorggsvggr?r%eeds?;gaemé? tvr\:(latththsehovaiﬁ Iamzr. r-l(;gi Outside of the cloud/, is negligible. Within the cloud
y b P 9 P layer, however, the charged aerosol density — &nd- is

voltage versus altitude and the density of large negativelyIarge enough that it cannot be ignored. When the probe is

c_harged_at_arosols (Figs. 4a anq 4b) supports this mterpr_etelln the rocket shadow, the photocurrent vanishes and the net
tion. This is not unexpected, since a much greater fraction . . . .

, voltage-independent current is negative. The ambient elec-
of the probes’ surface area was exposed to the aerosols, as

. . ons are cold %7 /¢, is about 12 mV — so the electron ther-
compared to the rocket body, which was aligned along the : 26 s
ram direction. mal current is negligible when the probe potential is less than

the local space potential. Thus, during the shadowing spikes
3.3 Probe shadowing the return current is carried primarily by positive ions. Since

the conductivity of ions is so much lower than for electrons,
Figure 4c showsE1, versus altitude, with thex B electric ~ the shadowing spike amplitudes are much larger within the
field subtracted, as discussed above. The shadowing spiké#oud. This also allows us to use the shadowing spike ampli-
occur when the probes enter the rocket's shadow. Withintude to approximate the potential difference due to the nega-
the rocket’s shadow the photocurrent stops, which causes thié/e aerosol current.
shadowed probe to become more negative. The profile of Aq giternative analysis is to tred,

. . - I, I, and I, as
the spike amplitudes has a similar shape to both the heavynqn (or calculable via a model), and to solve for the elec-

charged aerosol densities (Fig. 4a) and the skin-to-probe voltg, gensity that yields the correct shadowing spike ampli-
age (Fig. 4b). That s, the spikes suddenly increase in amgges  |n such a model, however, small electron densities
plitude around 83 km, then reduce significantly in amplitude 5o required for large shadowing spike amplitudes (and vice
near 86 km, grow again above 86 km, and are dramaticallx,ersa). PMSE peaks were measured at 83km and 88 km,
reduced above 88 km. _ where the shadowing spikes were largest. In a double-layer
Probe voltages are determined by current balance. OvepyiSE event, one expects an electron density profile which

periods longer than the local relaxation time, the probes, s a minimum between the two peaks, where the radar re-
should be in current balance. The net current to the probes ifaction is weaker. instead of 2 minima co-located with the

zero, so that peaks. We nonetheless applied such a model, which calcu-

lated an electron density of 12 crhat 83 km. It is unlikely

Z I=h+la+l+1=0 (1) that such a low electron density could support the PMSE

wherel, is the photocurrent,, is the current due to incident measured there.

aerosols/, is the electron thermal current, aridis the ion With that in mind, we continue trying to estimate the posi-
current (Maynard, 1998). The current drawn by the electron-ive ion conductivity. It is important to know when the probes
ics is negligible. are in current balance. Figure 6 is a high resolution compari-

The electron current is non-linear with voltage, but son of a tip-to-tip probe paify1, and a same-boom probe
through much of the cloud layer, the ion current can be ap—air, v;5, which shows that the probes reach current bal-
proximated as linear as in the IV curve seen by a low voltageance. First, probe V5 enters the shadow, which lowers its
Gerdien condenser in an NLC (Croskey et al., 2001). Thispotential and increases tHas potential difference. Then,
is especially true if we consider only the differential con- probe V1 enters the shadow, which lowers its potential and
ductivity, c=A1/AV, as a perturbation of the sunlit state. decreases bothys and V1». Notice thatVis nearly returns
In the following, we will assume; is approximately lin-  to the same value it had before V5 entered the shadow. Af-

ear with probe voltage. Thus)/; is approximately de-  terwards, probes V1 and then V5 leave the shadow, reversing
scribed by Ohm's law:/=c E. Substituting/=1/(47r?)  the voltage shifts.

and E=—V/r for conducting spheres — wherds radius of

the spheres — we have Below apout 84.5 km, however, the conductivity of. the at-
mosphere is low enough that the probes do not quite reach
Al = —4rro Vorope= —A(l, + Iy + 1,). 2) equilibrium. That is to say, the local relaxation time is on the

order of or longer than the duration of the shadowing spikes.
Below the NLC layer, the photocurrent is dominant, and we Using this method below about 84.5 km overestimates con-
expect the probe voltage to be positive with respect to the lo-ductivity. We use the slope in Fig. 5 to calculate the current

www.ann-geophys.net/27/1423/2009/ Ann. Geophys., 27, 1423-1430, 2009
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ference — followed by V1. The probes are nearly settled in voltage, s - RIS 3
which shows that the current balance is attained within the rocket T 2 4 6 8 1012 14 16
shadow. Below about 84.5km, the conductivity is too low and the Frequency (kHZ)
probes do not reach equilibrium, although the shadowing spike am-

plitudes are larger.

Fig. 8. Spectrogram off1» around the PMSE layer. The layer
x10°® can be seen around 83—88 km. The high-frequency fuzz is probably

. 2 auroral hiss, which shows that the instrument accurately measured
g high frequency signals.
£ 815 0?90 o]
PE o _© O A0
22 4l o 00 ©0 ] where the shadowing spike amplitudes are usedVfpe
£5 -1
= - .
£ 3 o SubstitutingC=4m ¢q (%—ﬁ) and Eq. (4) into Eq. (3)
] 05, 0000 1 (wherea p is the Debye length), this becomes
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Fig. 7. Positive ion conductivity calculated from the shadowing Figure 7 shows the results of this calculation. The overall
spike amplitudes and aerosol densities. Points below about 84.5 krwalues are within a factor of 2 of those measured by Croskey
over-estimate the conductivity, since the shadowing spikes do noet al. (2001) on DROPPS 1. Note that below about 84 km,
quite reach equilibrium within the rocket shadow. If there were the values level off, as is expected, given that the probes did
other significant return currents present, they would inflate the calmot reach equilibrium there. Also, if there were other signifi-
culated conductivity values. As such, this reflects the maximumeant return currents present, they would inflate the calculated
value one could expect the ion conductivity to have. conductivity values. As such, Fig. 7 reflects the maximum
value one could expect the ion conductivity to have.

to the probe via 3.4 AC fluctuations

I =CAV/At, (3) _

Two of the channels K12 and E15) used a sampling fre-
and compare that to the number of particles measured byguency of 33 ksps, which allows for analysis of AC fields.
MASS at that altitude (Fig. 4a) to get an effective “effi- Figure 8 shows a spectrogram Bf,. Ground-based instru-

ciency” of charge collection, ments measured PMSE peaks at 83 and 88km, and an NLC
between 82-84 km, with a peak at 82.8 km (Robertson et al.,
& = la/na(83 km). (4)  2009). The strong signals below 3kHz in the 83-88 km al-

titude range (as denoted by the red arrow in Fig. 8) coincide
with the measured PMSE, with the strongest signals occur-
ring between the two PMSE peaks. It is not readily apparent
why the strongest signals are between the peaks, as opposed
to being coincident with the PMSE peaks, and may require
o = eng/4mr Vprobe (5) more analysis.

We then extrapolate to estimalg at other altitudes using
Fig. 4a:1,~¢ n,. This estimation, with shadowing spike am-
plitudes from Fig. 4c, yields an estimated positive ion con-
ductivity,

Ann. Geophys., 27, 1423-1430, 2009 www.ann-geophys.net/27/1423/2009/
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Other channels look very similar. One might expect to Scale along rocket trajectory (m)
see a difference in spectra between spin-plane channels and 100 10 1
rocket-axis channels, since PMSE exhibit strong aspect sen- \ ‘ ‘
sitivity (Czechowsky et al., 1988). However, no easily identi-
fiable differences were seen. This is not entirely unexpected,
since the rocket was angled approximately 8f of the ver-
tical. Thus, both spin-plane and rocket-axis channels con-
tained significant vertical and horizontal components. =

There are also broad bands of VLF hiss, which could bemg
auroral hiss. Banding in time/altitude is due to the rocket =
rotation. Within the cloud layer the hiss appears to have a: 1000
lower frequency cutoff of about 8 kHz. The cloud layer ap- £
pears to attenuate the hiss, since above it the signal is somex
what stronger overall, and the lower cutoff is around 4 kHz. b%
Though this hiss is unrelated to the NLC layer, it supports =
the conclusion that the probes measured geophysical VLF=
signals. Pfaff et al. (2001) observed similar signals in the
DROPPS campaign.

Figure 9 shows a power spectral density of g electric
field measured within the electron “bite-out” region from 85— 130 ‘ ‘
87km. There is a “knee” in the spectrum around 250 Hz, 10 100
which corresponds to a spatial scale of about 4 m. The probe Frequency (Hz)
separation is about 0.65 m, so boom length effects should be
mar.gmal at those spatial scales. The spectrunkafhas Fig. 9. Power spectral density (PSD) @5 within the electron
similar features. We expect structures to extend to these shof, . region. To remove probe shadowing artifacts from the

scales, since radar reflects most strongly off features at thgai, spectra were calculated for the regions between the shadowing

Bragg scale. Our spectrum is similar to spectra measured bypikes. TheE5 channel was used because the shadowing spikes

Pfaff et al. (2001) on DROPPS. occur half as often as in the;» data. There is a “knee” in the spec-
trum around 250 kHz, which corresponds to a spatial scale of 4m.
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-110f
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4 Conclusions

plitude of the spikes were unknown. With the first MASS
We have presented high time-resolution E-field data in aflight, however, the sharpness of the NLC layer’s onset and
NLC event. Similar to the DROPPS 1 rocket flight into a the presence of the MASS instrument provided us with some
weak NLC, the MASS rocket flights found only weak DC unique calibration opportunities. Our calibration yielded re-
electric field perturbations in the cloud. This finding contra- sults in rough agreement with those found in Croskey et al.
dicts theories which require large electric fields for the for- (2001), despite using a completely different method. This
mation or maintenance of NLC conditions. The density pro-was a non-trivial task, since the probes are designed to be
file of the heaviest aerosols measured by the MASS instruused for difference measurements, whereas the calculation
ment had a similar shape to the skin-to-probe voltage. Such af conductivity largely relied on single-ended data.
strong similarity suggests that the skin-to-probe voltage was,
at least within the cloud layer, perturbed by incident heavy acknowledgementThis research was supported by NASA grant
charged aerosols. The probes measured a very sharp boungNG0o5WC55G at the University of Washington, the Wallops Flight
ary at the lower edge of the NLC layer, in which the signal Facility of NASA, and the Andgya Rocket Range. We would also
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