          
        

 !



 

    

   


"  # 

$ % ! &

Influence of Meteoric Aerosol Particles on the Charge
Balance in the Upper Mesosphere During ECOMA 2010

Abstract
This work is focused on the three sounding rocket launches during the ECOMA
Geminids campaign in December 2010: One before the Geminids meteor shower,
one at its peak and one some days after the peak. In this work, the main emphasis
is on analyzing the results from electron and ion probes on the rockets, obtaining
electron and ion density profiles, and comparing them with the measurements
of meteoric smoke particles. Aerosol particles originating from meteors may be
the condensation nuclei for ice particles that form phenomena such as NLC ad
PMSE. This work concludes that there area strong indications of the existence
of negatively charged smoke particles in the height region between 80-95km. It
describes how these parameters were measured, and how to get from raw data to
the end results.
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Introduction

Every day our atmosphere receives between 10-100 tons of meteoric matter (Hedin et al.,
2007). Most of this ablates in the 80−100 km altitude region (Hunten et al., 1980), forming
meteoric smoke particles. It is believed that these small particles play a key role as the
nuclei for ice particles, which form noctilucent clouds (NLC) and polar mesospheric radar
echoes (see section 2.4). These two phenomena have received an increasing amount of scientific attention the last few decades, due to a possible connection to the detection of climate
changes (Friedrich and Rapp, 2009). To date, most of the questions regarding these phenomena are answered, but a few unanswered questions are still subject to ongoing research.
The region of occurrence for the above mentioned phenomena lies within an altitude range
that is rather diﬃcult to obtain data from. It is too low for satellites, and too high for
balloons to reach, making access to data more scarce than it is for the lower and higher
regions. Most ground-based instruments are limited by low time and/or height resolution
in the upper mesosphere (Friedrich and Rapp, 2009), apart from some lidars, which, under
favorable conditions can measure atmospheric parameters up to about 100 km. Rockets
are valuable when it comes to in situ measurements regarding investigation of meteoric
aerosol particles. This is because they can provide unique high resolution data from the
upper mesosphere.
This thesis focuses on the last of the four rocket campaigns of the ECOMA program
(see Table 1). ECOMA is an acronym for “Existence and Charge state Of Meteoric dust
particles in the Middle Atmosphere” and was a sounding rocket program aimed at studying
meteoric smoke particles in the middle atmosphere (Blix and Hoppe, 2003). All the rocket
launches were conducted at Andøya Rocket Range, 69o N in northern Norway. The main
objectives of this program (Rapp, 2011) were to:
• Prove the existence of meteor smoke particles in the middle atmosphere.
• Quantify the concentration of meteoric smoke particles in the middle atmosphere.
• Understand the charging properties of meteoric smoke particles.
• Clarify the role of mesospheric smoke particles (MSP) for the nucleation of mesospheric ice.
• Study MSP evolution during a major meteor shower.
The summer launches took place during diﬀerent geophysical situations and at diﬀerent
times of the day (two near noon and one near midnight), while the winter launches all
took place in the morning hours and at almost the same solar zenith angle (see Table
1). During all three summer flights, the payloads flew through a NLC. Polar mesospheric
summer echoes (PMSE) were present only during the first and third launch (Hoppe et al.,
2011b).
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Campaign
ECOMA-2006
ECOMA-2007
ECOMA-2008

ECOMA-2010

Flight
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA

Table 1: The ECOMA campaigns
Date
UT
Aim
1 08.09.06 22:17 Prove existence
2 17.09.06 21:07
3 03.08.07 23:22 Relation to NLC/PMSE
4 30.06.08 13:22 Relation to NLC/PMSE
5 07.07.08 21:24
6 12.07.08 10:46
7 04.12.10 04:21 Eﬀects of major meteor shower
8 13.12.10 03:24 MSP composition
9 19.12.10 02:36

The primary focus of this work is on the last campaign. It was the winter campaign with
the flights of ECOMA 7, 8 and 9, that took place in December 2010, before, during and
after the peak of the Geminids meteor shower. The main scientific objective of this campaign was to study the eﬀect of enhanced meteor flux in the atmosphere (Rapp, 2011).
The study of meteoric smoke particles is interesting not only because of the possible connection to NLC and PMSE, but also because it modifies the charge balance in the lower
ionosphere, and provides surface area for heterogeneous chemistry. It is also a likely form
in which meteoric matter reaches the ground (Rapp, 2011).
What I have mainly worked with from this campaign, are analysis of the electron and ion
density profiles. During the early preliminary work with these data, a proceedings article
(Hoppe et al., 2011c) was written, where I have contributed with data analysis resulting
in the figures showing the ion and electron densities profiles from ECOMA 7, 8 and 9. In
this thesis, improved analysis of these profiles will be presented.
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2
2.1

Background
The Atmosphere

The division of the atmosphere can be seen in two diﬀerent ways. One way is to define
layers based on the temperature profile, another way is to divide the atmosphere according
to the mixing mechanisms which can be either winds and large scale convection or diﬀusion.
In the atmosphere, pressure and density decreases exponentially with increasing height.
The atmosphere is divided into diﬀerent layers, or spheres, by its thermal structure. Generally we say that in each sphere the temperature is either increasing or decreasing with
altitude. The place where the temperature reaches a maximum or minimum before changing direction again, is called a pause. Figure 1 shows the averaged thermal structure in the
atmosphere for summer and winter at 69o north. It also shows the diﬀerent atmospheric
layers. The temperature profiles and height of the diﬀerent atmospheric layers change depending on season and location.
The lowest layer in the atmosphere is the troposphere. Its altitude ranges from the Earths
surface up to about 8 km in the polar regions and to about 18 km at the equator. This is the
region where most weather phenomenas occur. As we see from Figure 1, the temperature
in this region decreases with altitude.

9

Figure 1: Mean atmospheric temperature profile of summer (red) and winter (blue) at a
latitude of 69o N. The dotted lines give a rough indication of the pauses. Data is taken
from the CIRA86 model. Figure is from Dunker (2011)
The next layer is the stratosphere. The stratosphere ranges from about 8 − 18 km, up to
about 50 km altitude. It contains the ozone layer, which absorbs most of the high frequency
ultraviolet radiation from the sun. The absorption process heats up the air, resulting in an
increasing temperature with increasing height. The stratosphere is also the region where
Polar Stratospheric Clouds (PSC) form.
Following the stratosphere is the mesosphere. As seen from Figure 1, the height of the
mesosphere varies quite a lot from summer to winter. It ranges from roughly 50 km to
about 87 km in summer and up to about 100 km during winter at a latitude of 69o N. In
the mesosphere, the air density is so low that absorption by solar radiation is not enough
to heat up the air, so the temperature decreases with altitude. There is very little water
vapor in the mesosphere, but the mesosphere contains higher percentages of ozone than the
lower levels. Another important attribute visualized in Figure 1 is that the temperature in
the summer polar mesosphere is significantly lower than that of the winter temperature.
In fact, according to von Zahn et al. (1996), the temperature in this region can diﬀer as
much as 70 K from winter to summer. The reason for this counterintuitive fact is due to
a circulation pattern caused by gravity waves. The meridional wind combined with slow
vertical adiabatic winds with an upward drift during summer, and downward drift during
winter, respectively, giving rise to adiabatic cooling during summer and adiabatic warming
during winter.
(for more detailed information see (Dunker, 2011))
Where the mesosphere ends, we find the mesopause. “The thermal structure of the
10

mesopause region (80 to 20 km) is influenced by a number of complex physical and chemical processes (e.g., radiation processes in non-local-thermodynamic equilibrium, energy
exchange between CO2 an O, dissipating gravity waves, turbulent transport of energy, momentum, and source constituents, energetic particle equilibrium)” (Hoppe et al., 2011c).
In the high polar summer mesopause the temperature can drop down to as low as ∼ 130 K
(Dubietis et al., 2011). The height of the mesopause varies according to seasonal change,
and altitude. In the high polar areas, during winter, it can go as high as up to 100 km, while
in the summer, it can be around 86 km (von Zahn et al., 1996). The mesosphere/mesopause
region is host to a number of interesting phenomena. It is where most meteoric matter
ablates, and where phenomena such as PMSE and NLC occurs. This is the region of most
interest for this thesis.
The following layer is the thermosphere. In this layer the temperature increases due to
absorption of highly energetic radiation. This is the layer where phenomena such as auroras occur in the polar regions. The range of this layer varies due to solar activity, but
goes from the mesopause up to several hundred km until its transition to the boundary of
space, the exosphere.
What has been described so far was the division of the atmosphere by its temperature profile. As mentioned before, the atmosphere can also be divided by the mixing mechanisms.
The turbopause is located at about 100 km and is the transition region between the homosphere, and the heterosphere. In the homosphere, which is the region below the turbopause,
the neutral constituents are mixed by winds and turbulence, so that the composition is
almost constant with height. This neutral composition of the gas is as follows; 78% of
N2 , 21% of O2 and the remaining 1% of other constituents. Above the turbopause, in the
heterosphere, diﬀusion is the main “driver”, and the chemical composition, dominated by
a few atomic or molecular species, varies. Since convective heating is absent in this height,
the material in the heterosphere is layered according to its mass. The lower layers are
dominated by nitrogen and oxygen molecules, while atomic oxygen is in the next layer,
and helium and free hydrogen atoms are prevalent in the region near the boundary of the
atmosphere. It should also be mentioned that the lower heterosphere which coincides with
the ionosphere also consist of a small area dominated by ionic species or, free radicals such
as; O+ , N O+ , O2+ , N2+ and free electrons (APTI, 2011).
It is important to mention that, when looking at a real temperature profile from the
atmosphere, the temperature profile does not go smoothly in one direction as it is depicted
in Figure 1. Instead, local temperature fluctuations such as depicted by the black line in
Figure 11 and 13 are real. This is due to winds and and gravity waves in the atmosphere
(Fritts and Alexander, 2003).

2.2

The Ionosphere

The ionosphere is the ionized part of the atmosphere. It can be divided into several different layers defined by the electron density. These layers are; D, E, F1 and F2 as shown
in Figure 2. From this figure we can also see that the magnitude of electron density varies
11

significantly depending on daytime, night time, solar minimum and solar maximum. The
heights of the diﬀerent layers also vary greatly solar zenith angle and solar and geomagnetic activity. The layer closest to the Earth’s surface is the D-layer. The main ionization
source in this layer is Lyman-α radiation at a wavelength of 121.6 nm, ionizing nitric oxide
(NO). During periods of high solar activity, hard X-rays may also ionize O2 and N2 . In the
absence of direct sunlight, particle precipitation and cosmic rays are the remaining sources
of ionization. The height range of the D-layer is not constant, but varies depending on the
ionizing sources. It can range from roughly 50 − 60 km, up to the beginning of the E-layer.
The E-layer has the most stable height range of the ionospheric layers from altitudes roughly
between 80/90 km up to about 150 km (Blix. 2011). The ions in this layer are mainly O+
2
and NO+ and are mainly ionized by solar X-rays in the 1 − 10 nm range, and UV-radiation
in the 100 − 150 nm range. (Kivelson and Russel, 1995) The F1 and F2 layers are primarily
composed of O+ . F1 has a maximum electrondensity near approximately 170 km. The F2
layer is at the last layer of the ionosphere. It is also the layer that varies the least in charge
density.
It should also be mentioned that there is charge neutrality in the ionosphere, it means that
there are just as many positively and negatively charged species present, so that the net
charge is zero.
For more specific information about the ionization processes, and more information about
the diﬀerent layers, see Kivelson and Russel (1995).
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Figure 2: The ionosphere and its layers and typical variations.

2.3

Meteoric Matter

As mentioned in the introduction, our atmosphere is bombarded with 10 − 100 tons of
meteoric matter every day. Most meteors are smaller than a grain of sand, but some can
be much greater. The incoming matter is mainly due to sporadic meteors. But a few times
during the year, there are major meteor showers. The meteor shower that has the highest
meteor flux in the northern polar hemisphere is the Geminids. Its peak is every year around
the 13th of December. Most of the meteors entering the atmosphere go through the process
shown in Figure 3. As it enters the atmosphere, frictional heating by the increasingly dense
atmosphere results in meteoric ablation, mostly in the upper homosphere region between
80 − 100 km (Hunten et al., 1980). When ablated, it is in the form of atoms and molecules.
After ablation, the meteoric residual recondenses and coagulates to smoke particles. The
smoke particles sediments in the atmosphere, where heavier particles tend to reach lower
heights than light particles. These particles are believed to be an important nuclei in the
formation of ice particles that result in NLC and PMSE in the mesospheric region.
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Figure 3: Meteoric ablation process.

Since the ECOMA Geminids campaign studies the increase of meteoric particles flux during the Geminids meteor shower, I will shortly include a description of it.
The composition of the meteors in the Geminids shower is diﬀerent from other meteor
showers. Normally meteor showers are caused by debris streams created by comets and
their tails. But, the object creating the specific debris associated with the Geminids, is not
a dusty, icy comet, but a rocky asteroid called Phaethon 3200. This asteroid is diﬀerent
from other asteroids crossing the Earth’s orbit. It passes closer to the sun and has a
diﬀerent color, suggesting a diﬀerent composition to most asteroids. The interesting part
is that meteoric particles from the Geminids are more solid than meteorids known to come
from comets. The first few meteors from the Geminids was detected in the early 1060’s,
but the first estimate of the strength of the Geminids came in 1877, when the hourly rate
was given as about 14. Since then the intensity and amount of meteors in the shower keeps
increasing. Today, the peak of the hourly rate is about 80. (Physorg, 2011), (Online, 2011)

2.4

PMSE and NLC

Polar Mesospheric Summer Echoes (PMSE) are strong radar echoes mainly observed by
radars in the VHF wavelength. It is generally accepted that these echoes are due to heavy
charged aerosol particles with radii ∼ 5 − 50 nm, that reduce the diﬀusion of free electrons
due to ambipolar forces (Rapp et al., 2003). Figure 4 shows a time-height display of PMSE.
As is the case in the figure, PMSE normally occur in the altitude range between about
80 − 90 km, close to the cold summer mesopause between late May to mid August in the
northern hemisphere. For a review about PMSE see Rapp and Lubken (2004). When the
ice particles are in great numbers, and also generally grow to sizes ranging from ∼ 20 to
150 nm, they can be detected as Noctilucent Clouds (NLC).
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Figure 4: Time-height displays of PMSE intensity showing the variability in PMSE and the
various rocket measurement times during the two summer MaCWAVE/MIDAS (Goldberg
et al., 2004).

Noctilucent clouds (NLC), depicted in Figure 5, is a cloud-like phenomena that has only
been observed since 1885. It was then attributed to having a connection to a volcanic
eruption of Krakatoa that occurred two years earlier. Whether or not this phenomena
existed before this, is unknown. NLC form right below the mesopause typically around an
altitude of 83 − 84 km, just below the cold summer mesopause. The phenomena can be
observed from ground in the summer months in mid latitude regions of 50o to 60o latitude
(Dubietis et al., 2011). The only time they can be observed is right after sunset when the
sun is between 6 − 16o below the horizon (Avaste, 1993), when the sunlight still illuminates
the upper mesosphere, and the rays of light are scattered in the clouds. That the cloud is
illuminated on an otherwise dark sky, is what has given the phenomenon its name (meaning
“night-shining”).
For NLC particles to form, enough water vapor in the otherwise dry mesosphere is crucial.
Another crucial part of the formation is the presence of condensation nuclei. It is now generally believed that meteoric smoke particles may be the most abundant nucleation particle
(other, less abundant particles may be water cluster ions). Also the temperature has to
be suﬃciently low, typically below 150 K (Murray and Plane, 2005), to permit ice crystal
formation. When these criteria are persent, ice can condensate on the aerosol particles,
grow in size, be detected by radars as PMSE, and then possibly be observed as NLC at
slightly lower altitude than the previous PMSE.
15

Figure 5: Noctilucent clouds with a herring structure in Finland. Picture: SPL (2011).

It should also be mentioned that there seems to be an increasing number of observations
and brightness of NLC. This is one of the reasons why some scientist believe the occurrence
of these clouds may have something to do with climate change.
For more information about NLC, see Rapp et al. (2003) and Avaste (1993).
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3

Instrumentation During the ECOMA Campaign

3.1

Payload instrumentation

The following sections will describe some of the instruments that were part of the ECOMA
payload. I have chosen only to describe the instruments that I use data from in this
work. The instruments that will not be described further here, but were also part of the
ECOMA payload, were the NO-Photometers developed by the Department of Meteorology
at Stockholm University (MISU), and the Pirani gauges developed by the Leibniz-Institute
of Atmospheric Physics (IAP). The instruments that I will describe in the following sections
are:
• The Positive Ion Probe and Forward Electron Probe developed through a cooperation
between the Norwegian Defence Research Establishment (FFI) and the Technical
university of Graz (TUG).
• The Multi-Needle Langmuir Probe System (m-NLP) developed at the University of
Oslo (UiO).
• The Faraday Experiment (TUG).
• The CONE instrument developed through a cooperation between IAP and FFI.
• The ECOMA Particle detector developed at IAP.
There were three launches of two payloads during the ECOMA Geminids campaign. This
means that the payload on ECOMA 7 was recovered, refurbished and used again on
ECOMA 9. Figure 6 shows the front deck of the payload and Figure 7 shows the CONE
instrument, which was at the rear deck. For a schematic overview of the placement and
orientation of the diﬀerent instruments, see Figure 8.
It should be mentioned (Chung et al., 1975) that “Electric-probe theory is complicated
because probes are boundaries to plasmas, and near boundaries the equations that govern
the plasma behavior change. Charge neutrality does not hold near boundaries; a thin layer
exists where electron- and ion-number densities diﬀer, and the layer, often called a Debye
sheath, can sustain large electric fields”.
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Figure 6: Image of the front deck of the paylad (Hoppe et al., 2011a)

Figure 7: Image of the CONE instrument (Rapp, 2011)

The descriptions of the following instruments are heavily based on information from the
Flight Requirements Plan for the ECOMA Campaign 2010 (FRP, 2010).
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3.1.1

Positive Ion Probe (PIP) and Forward Electron Probe (FEP)

The PIP is a gridded sphere with a fixed −2.5 V negatively biased collector, while the FEP
is a cylindrical probe with a fixed 2.5 V positively biased collector. They measure positive
and negative current with 16 bit resolution, proportional to the density of positive ions and
electrons (respectively), the rocket velocity and the probe cross section. They are designed
to have a high height resolution of less than 1 m, and measure the fine structure in the
upper mesosphere and lower thermosphere. (FRP, 2010) and (Blix, 1988) PIP has a radius
of 25 mm and FEP has a radius of 1 mm and a length of 25 mm. See also Szuszczewicz
(1972) and (Friedrich and Rapp, 2009) for principles behind probes like FEP.
3.1.2

Multi-Needle Langmuir Probe System (m-NLP)

“The goal of the probe system is to record absolute electron density variations along the
rocket trajectory with a high sampling rate. The experiment has four identical cylindrical
probes with a radius of 0.51 mm and a length of 25 mm. The probes are biased at a fixed
potential, equally spaced between 2.5 V and 5 V. The collected current from each probe is
then simultaneously sampled with 16 bit resolution, and the electron density is calculated
post flight. Two probes are mounted on each of the two booms in the aft section of the
payload. Although two probes would be suﬃcient to calculate the electron density, four
probes are utilised to ensure redundancy” (FRP, 2010). For more information regarding
the m-NLP, see Bekkeng (2009).
3.1.3

Faraday Experiment

Linearly polarized HF waves change their polarization due to the total electron content
between the ground-based transmitter and the rocket payload (Faraday rotation). The
electron profile is obtained due to diﬀerentiation with respect to altitude. Four frequencies
were used to assure good sensitivity at low altitudes on the one hand, and coverage up
to apogee on the other(FRP, 2010). The resulting electron density profile is the one we
attach most credibility to since its absolute values are insensitive to payload charging and
aerodynamic eﬀects. However, the height resolution is usually not better than 1 km, which
was the case for the ECOMA winter campaign. For more detailed information, see FRP
(2010) and Friedrich et al. (2011).
3.1.4

ECOMA Instrument (Particle detector)

The following description is taken from FRP (2010).
The particle detector applied for the current study is a combination of a Faraday-cup and
a Xenon-flash lamp for the photo-ionization of meteor smoke particles. The design of the
Faraday cup is similar to the one described in Havnes et al. (1996). It comprises a collector
electrode for the measurement of particles of either positive or negative charge, and two
grids biased at +/- 3.0 V relative to payload potential to shield the collector electrode from
electrons and ions. The flash lamp is operated at a repetition rate of 20 Hz. Immediately
after the flash, the charge detected at the collector electrode is recorded for 48 samples
at a rate of 100 kHz. After a flight time of less than 1 ms, the detector (which moves at
19

a typical speed of 500 − 1000 m/s) has passed through the actively ionized atmospheric
volume. It then records naturally charged particles reaching the collector electrode at a
sampling rate of 1 kHz, until the whole sequence starts again after 50 ms (FRP, 2010).
Hedin et al. (2007) point out that particle detectors on rockets face major challenges due
to aerodynamics. The small smoke particles tend to follow the gas flow around the payload
rather than reaching the detector. They also conclude that “The flow through a ventilated
detector has to be relatively large in order to significantly improve the detection eﬃciency”
(Hedin et al., 2007).
3.1.5

CONE instrument

The description of the CONE instrument is taken from (FRP, 2010).
“CONE (COmbined measurement of Neutrals and Electrons) is a classical triode type
ionization gauge optimized for a pressure range between 10−5 t 1 mbar, thus suitable to
measure absolute neutral air number densities in an altitude range between 70−120 km. In
order to obtain absolute densities the gauges are calibrated in the laboratory using a high
quality pressure sensor like a Baratron. CONE consists of spherical electrode grids of high
transparency, without being surrounded by any structure. This allows the air molecules
to stream ’through’ the sensor. The main purpose of the CONE design is to reduce the
instrumental time constant thus enhancing the ability to resolve turbulent neutral air
density fluctuations at spatial scales as small as 1 m. In addition to the triode-system,
CONE possesses two more electrodes: While the outermost grid is biased to +2.5V to
measure electrons at high spatial resolution (also better than 1 m), the next-inner grid (15V) is meant to shield the ionization gauge from the ionospheric plasma.” This instrument
is depicted in Figure 7.
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3.1.6

Rocket configuration

Figure 8: Orientation diagram of payload (FRP, 2010)
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Figure 9: Composition of the rocket

3.2

Ground-based instruments

During the winter ECOMA campaign, there were several ground-based instruments under
operation. The following list from Rapp (2011) lists what instruments, and the type of
information they can obtain, in the order of their importance during countdown:
• Meteor radar; measure meteor trail echoes.
• EISCAT; measure electron densities and meteor smoke parameters from spectra.
• MAARSY-Radar; measure meteor head echoes.
• ALOMAR Na-lidar; measure wind, temperature and Na density.
• ALOMAR RMR-Lidar; measure wind and temperature.
Of these instruments, I have only directly used data from the Na-Lidar, hence, a short
description is given in section 3.2.1.
3.2.1

Na-Lidar

This section is mainly based on information from Dunker (2011).
The sodium lidar is located at ALOMAR (Arctic Lidar Observatory for Middle Atmosphere Research) which is part of the Andøya Rocket Range. The lidar is Co-owned by the
Colorado State University, Colorado Research Associates, UiO and Andøya Rocket Range.
Lidar is an acronym for “light detection and ranging”. In the case of the sodium lidar,
22

light is scattered by resonance fluorescence from sodium atoms in the mesopause region.
This means that “if the emitted photon of a laser has a frequency of one of the allowed
transitions from the ground state of the scatterer, the photon will be resonantly absorbed.”
After the absorption the excited state may relax to a lower state (or the ground state) and
emit a photon. If the photon relax on a level above the ground state, this process of
absorption and emission is called fluorescence. The backscattering spectrum of Na is sensitive to temperature, so the Na lidar obtains temperature measurements from the Doppler
broadening of the backscattered signal from the sodium atoms.
The Na lidar can only be under operation when there is a clear sky and no daylight.
For more detailed information on how lidars work, and how other parameters are obtained,
see Dunker (2011).
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4

Data and Data Analysis

For better comparison ability I have only focused on the upleg data in this work. To
demonstrate the diﬀerence in the measurements from upleg and downleg, Figure 10 has
been included. This figure shows measurements made by m-NLP on ECOMA 7 on both
upleg and downleg. It demonstrates how much the electron density can change over a
horizontal distance of several tens of km. If I had more time, and the problems concerning
the analysis of some of the downleg data (e.g. from the backward electron probe electron
density measurements) were solved, analysis of the downleg data could also have been
interesting to present here.

Figure 10: Electron density measured by m-NLP on upleg (blue) and downleg (red).

4.1

From Raw Data to Final Profiles

The following four sections will present how the raw data of FEP and PIP results in the
final electron and ion density profiles. This includes the formulas used to calculate charge
density, removal of spin, removal of noise and normalization of charge density profiles.
In the fifth section a comparison of diﬀerent measurements from the ECOMA Geminidis
campaign will be presented and discussed.
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4.2

Calculation of Charge Density

The equations presented in this section are taken from Blix (1988) and Folkestad (1970).
The Positive Ion Probe (PIP) and the Forward Electron Probe (FEP) measured currents.
To be able to calculate the charge densities from such measurements, we need an expression
relating the measured ion current (Ii ) to the ion density (Ni ), shown in equation (1), and
an expression relating the measured electron current (Ie ) to the electron density (Ne ) given
by equation (2).
Ni =

πr0

2 ev

1
ti [ 2

Ii
√
+ π( x2 +

exp(−x2 )

Ne =

Fi (U )
1
erf(x))]
4x

Ie
Fe (U )
σg evte

(1)

(2)

The meaning of the constants and variables used in the formulas in this chapter are given
in the following table:
Symbol
e
erf(x)
Fe (U )
Fi (U )
Ie
Ii
k
me
mi
Ni
Ne
ro
σg
Te
Ti
U
vR
vte
vti
x

Explanation
- Elementary charge
- Error function, see equation (5)
- Correction function for electron probe
- Correction function for ion probe
- Electron current
- Ion current
- Boltzmann constant
- Electron mass
- Ion mass
- Ion density
- Electron density
- Radius of the spherical ion probe
- Surface of the cylindrical electron probe
- Electron temperature
- Ion temperature
- Payload potential
- Rocket velocity
- Thermal electron velocity
- Thermal ion velocity
- factor, see equation (3)

Both these expressions ((1) and (2)) are related by a correction factor given by the function
Fi,e (U ) due to the charging of the payload. Finding an exact expression for Fi,e (U ) is very
hard, because it depends on the specific payload configuration and charging properties of
the rocket that the probe was on. The general agreement among experts is that it must
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be dependent on the platform potential U . In practice, Fi,e (U ) is used as a normalization
factor where the calculated densities are normalized to the absolute electron density profile
obtained from the Faraday experiment. This is because the Faraday measurements are
unaﬀected by both payload charging and wake eﬀects, and gives the profile we attach most
credibility to (Hoppe et al., 2011c). The normalization is done at the height of 99 km for
ECOMA 7, at about 90 km for ECOMA 8, and about 91 km for ECOMA 9. Table 2 shows
the normalization factors for these flights for the FEP and PIP. See section 4.5 for details
on the choice of normalization altitude.

Flight
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA
ECOMA

7
7
8
8
9
9

Table 2: Normalization
Instrument Height [km]
FEP
99
PIP
99
FEP
90
PIP
90
FEP
91
PIP
91

factors
Normalization Factor
1.29
0.38
3.05
0.45
12.23
0.4

Furthermore, the factor x can be written as:
2vR
x= √
πvti
The thermal velocity of ions and electrons are given by:
�
8kTi,e
vti,e =
πmi,e

(3)

(4)

In equation (1), erf(x) is an error function dependent on the thermal velocity of ions (see
equation (5)). When the thermal velocity is several times lower than the rocket velocity,
a simpler equation for the ion density can be used. Considering that the thermal velocity
of the ions in the altitude range of interest is about 250 − 400 m/s, and the rocket velocity
is 750 − 1000 m/s, we see that that the term including the errorfunction in equation (1)
can be neglected. We also see that the first term in the parentheses can be neglected too.
Inserting the expression for the factor x in the remaining expression in the parentheses,
gives equation (6). The condition for this simpler equation holds for at least the altitude
range up to 110km for the ECOMA 7,8 and 9 flights, because of the high Mach number.
The region of interest in this report is mainly from 80 − 105 km, so ion densities will not be
calculated for regions higher than this, but if ion densities are to be calculated for entire
rocket trajectories, the complete expression in equation (1) should be used.
� x
2
2
erf(x) = √
e−r dr
(5)
π 0
Ni =

Ii
Fi (U )
2
πro evR
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(6)

From equation (6), we see that the calculation of ion density is dependent on the rocket
velocity vR , because ions move relatively slow compared to the payload, so that slightly
more or less ions will be caught by the probe, depending on the velocity it moves with.
Electrons, on the other hand, move with a thermal velocity between 75000 − 105000 m/s in
the region we are looking at. This is so fast relative to the rocket velocity, that compared
to the electrons, the payload is barely moving. Hence vR is not included in the expression
of the electron density. This being said, there is another factor that plays a greater role
in the calculation of electron density, which is not as significant in the calculation of ion
density, namely, the temperature. The electrons move faster with higher temperatures and
will more easily collide with the rocket when this is the case. In the next subsection we will
take a look at the use of diﬀerent temperature profiles in the electron density calculations.

4.3

Dependence of Derived Electron Density Profiles on the Temperature Profile

The ion and electron temperature Ti,e in the middle atmosphere is assumed to be the same
as the neutral temperature in the same region, due to thermal equilibrium.
In this thesis, plots will mainly show results from the 80 − 105 km height region. As
mentioned earlier, it is rather diﬃcult to obtain detailed measurements for this region unless rockets are used for in situ measurements. For the ECOMA winter campaign, an in
situ temperature profile from the CONE instrument was successfully obtained only from
ECOMA 9. Thus, other temperature profiles had to be used for the other flights when calculating the electron density profiles. When ECOMA 8 was launched, lidar measurements
were made simultaneously. The lidar measurements gave a temperature profile in an area
close the rocket. Even though this profile may deviate slightly from the temperature in the
volume of the rocket trajectory, because of gravity waves (see Fritts and Alexander (2003)
for more information) and local diﬀerences, it is probably the best temperature profile we
can use for our purposes. When no local measurements of temperature is available, as is
the case for ECOMA 7, an average standard temperature profile should be used. Such a
profile can be found in Lübken and von Zahn (2001). Their paper presents average temperature profiles over Andenes for 9 months, mainly based on lidar measurements but also
some in situ measurements.
The discrepancy between the electron density profiles derived from the diﬀerent temperature profiles shown in Figure 11 is demonstrated in Figure 12. The result is noticeable,
but not significant compared to other uncertainties related to e.g. the changing of platform potential. The largest diﬀerence between the two temperature profiles is 40K at about
78km, where an electron density calculated on basis of the CONE temperature profile deviates about 4.5% from the density based on the averaged temperature. Since this is outside
our region of interest, we can conclude that the two electron profiles deviate less than 4.5%
in the interesting region.
Figure 13 shows a plot of the temperature profile obtained from the sodium lidar measurements during the launch of ECOMA 8 (black line). Due to the height of the sodium
layer at the time of the launch, a temperature profile could only be obtained from about
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83-100km. Since this covers the most interesting region for our purposes, this profile has
been used where it provides data, and the standard averaged temperature profile has been
used in the ares where we lack lidar data. Since the density profiles will be normalized
to the Faraday experiment, the most important attribute of the temperature profile is the
variations and structural diﬀerences with height, hence, the lidar profile has been shifted
by −20 K to fit the averaged temperature profile (dashed line in Figure 13). This was done,
so that there would not be a big temperature diﬀerence in the area where the temperature
profile from the lidar ends and the temperature profile from Lübken and von Zahn (2001)
continues.
The conclusion for this matter is that it is best to use temperature profiles that are as close
to the true value as possible, but that using an averaged profile only gives a discrepancy
of a few percentages, which for our purposes is acceptable.

Figure 11: The black line is the temperature obtained from the CONE instrument on the
payload on ECOMA 9, while the blue line is an average temperature profile for December,
over Andenes taken from Lübken and von Zahn (2001)
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Figure 12: The black line is electron density calculated by using the temperature profile
obtained by the CONE instrument on ECOMA 9, the blue line is electron density calculated
by using the averaged December temperature profile over Andenes from (Lübken and von
Zahn, 2001).
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Figure 13: The blue line is an average temperature profile for December over Andenes taken
from (Lübken and von Zahn, 2001). The black line is lidar temperature measurements from
Andøya, and the black dashed line is the same, but shifted by −20 K to align better with
the average temperature profile.

4.4

Removal of Spin Modulation and Noise

Sounding rockets are launched with a spin so that they keep a stable direction and orientation during flight. When the rocket moves fast through the gas in the atmosphere, a wake
forms around it. FEP and PIP were placed on booms so that they would come outside
this wake, but, because of the angle of the rocket, the wake was not uniform around the
payload and FEP and PIP spun in and out of the wake. This is why the data retrieved
from the rocket measurements were highly eﬀected by spin modulation (see black line in
Figure 14). Unfortunately, removing the spin modulation turned out to be a diﬃcult task
because the frequency of the spin continuously changed during the flight. For this work,
the maximum value of each spin period has been assumed to be the value obtained when
the probe is outside the wake, and hence, the correct value. A programming routine was
made to find these values, and in that way make profiles without spin modulation. An
example of the resulting profile is shown as the red line in Figure 14. (For information on
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filtering techniques, see Blix (1988))

Figure 14: Black line shows spin modulation in the analyzed data from ECOMA 8, red
line is made based on the maximum values of each spin.

Another task to perform, when the removal of the spin modulation was done, was to remove
the unreliable data contaminated with too much noise. Due to noise, there are no sensible
measurements made on upleg by the FEP, PIP and m-NLP before the boom deployment
of the m-NLP. The m-NLP boom deployment occurred at an altitude of about 82 − 83 km
for the three flights. For ECOMA 7, the charge density under about 86 km was less then
108 m−3 . These values are very low for the D-region, and were close to the threshold of
what the instruments could detect, hence, there is only noise in these measurements up
to about 86 km for FEP and 87 km for PIP for ECOMA 7. Charge densities were higher
during ECOMA 8 and 9, so for those flights the noise is only a limit until after the deployment of the m-NLP booms.
The need of normalizing charge density profiles has already been mentioned in section 4.2.
What was not mentioned there, was that the electron density profile obtained with the mNLP also was normalized to the profile obtained by the Faraday experiment. Allthought
the m-NLP also measures absolute electron density, it diﬀered from the density profiles
obtained by Faraday with about a factor of two. At this time, this discrepancy is attributed
to wake eﬀects near the payload (Hoppe et al., 2011c). Work on the physical reasons for
this unexpected discrepancy is ongoing.
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4.5

Comparison of Diﬀerent Measurements from the ECOMA
Geminids Campaign

All data in this section are from the ECOMA Geminids campaign of December 2010.
The aim of this campaign was to study how the enhanced flux of meteoric matter aﬀects
the atmosphere, and to investigate the eﬀect it has on the charge balance in the ionosphere.
The launch times for this campaign are listed in Table 3. They were all at night time and
at similar solar zenith angle (Hoppe et al., 2011c). The aim was to get the background
conditions as similar as possible for all three flights, leaving the meteor flux the only
variable.
Table 3: The three launches during Geminidis, 2010 (Hoppe et al., 2011a).
Flight
Date
UT
Apogee Conditions
ECOMA 7 04.12.2010 04:21 135 km
Before Geminids; Smallest electron density ever measured by
rocket
ECOMA 8 13.12.2010 03:24 138 km
Geminids maximum; aurora near
horizon
ECOMA 9 19.12.2010 02:36 136 km
After Geminids maximum; quiet
ionosphere

Figure 15 shows the results from the particle detector for the three flights during the Geminidis campaign. It is assumed that the particles detected are meteoric smoke particles.
The smallest particles, with radii less than 2 − 3 nm will mostly not be detected by the particle detector, but follow the gas flow around it (Hedin et al., 2007) and (Rapp et al., 2009).
ECOMA 7 and 9 flew an improved version of the ECOMA particle detector with three
flash lamps that operated with three diﬀerent wavelengths, while on ECOMA 8 the old
configuration with only one flash lamp was used. The reason for this was that the improved
ECOMA instrument had to be refurbished from the first flight on ECOMA7, while this
was done, ECOMA 8 flew with an older version of the ECOMA instrument. At the time of
the launch of ECOMA 9, the improved ECOMA instrument was done being refurbished,
and was used on ECOMA 9.
Figure 15 shows something that looks like positively charged aerosol particles above the
negatively charged particles. This may not be the case. According to Rapp (2011) the only
geophysically reliable signal from this instrument is the region with negative charge number densities. The remaining positive excursions are remnants of not completely removed
contaminations from positive ions.
At the moment, a paper analyzing the results shown if Figure 15 is in the process of being
written. What can be seen from just looking at the diﬀerent profiles from the diﬀerent
flights in this figure is that, before the onset of the Geminids, when only sporadic meteors
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ablated in the atmosphere, the smoke particles seemed to be distributed over a rather high
altitude range (83 − 95 km). While at the peak of the Geminids, the layer of such particles
were lower in altitude (83 − 89 km) and had higher charge number densities. Before this
campaign, it was believed that the profiles of the charged number density of the smoke
particles would be approximately the same in the profiles obtained before and after the
peak of the Geminids. As we see from the figure, this does not seem to be the case. A
few days after the peak, the height region of charged smoke particles is at slightly lower
altitudes(82 − 87 km), but with less charge number density than at the peak of the meteor
storm.

Figure 15: The development of charged aerosol particle densities from the three diﬀerent
flights during the Geminidis campaign. The leftmost is from before the meteor shower, the
middle form the peak and the rightmost some days after the peak.

The diﬀerent electron and ion density profiles, to be presented below, have been normalized
to the electron density profile from the Faraday experiment. This is because it is the profile
with most credibility. The Faraday profile has a low height resolution but an accurate mea34

surement of absolute electron density. The other instruments give a high height resolution
but only a relative value of the charge density. Because of this, the results from these
other instruments need to be normalized to the Faraday profile. The normalization heights
have been chosen above the area where meteoric smoke particles exist, and in such a way
that the profiles overlap as much as possible in the region we are interested in (especially
between 80 − 90 km). The normalization heights have already been presented in Table 2.
The heights are not the same for all the flights because of diﬀerent conditions during the
individual launches.
In earlier rocket flights with fewer instruments on each payload, normalizing the electron
and ion density profiles from FEP and PIP to the profile obtained by the Faraday experiment would yield a very good and overlapping profile. Nowadays, due to economic
concerns, there seems to be a trend of flying more and more instruments at the same
time, yielding more complex payload configurations, and resulting in measurements that
are more aﬀected by instrumental disturbances. This may be the case with the ECOMA
payload, where electron and ion densities do not overlap as well as they used to (Blix. 2011).
In the following three subsections, results from the instruments measuring electron (FEP,mNLP, Faraday) and ion (PIP) density will be presented and discussed. These results will
also be compared to the platform potential obtained from the m-NLP, and the charge
number densities of aerosol particle measured by the particle detector.
4.5.1

ECOMA 7

ECOMA 7 was launched before the onset of the Geminids meteor shower. As already mentioned, the charge densities measured by ECOMA 7 are among the lowest densities ever
measured by rocket-borne experiments at high latitude. This may not be too surprising
considering the conditions under which the launch was conducted. It was night at Arctic
winter, meaning an absence of the direct ionizing radiation from the sun. There was also
very little geomagnetic activity before and during the launch, leading to very little ionizing
particle precipitation. Even the moon, which can have a slight ionizing eﬀect (Friedrich
et al., 2010), had a small visible reflective area that night.
The low charge densities were just at the threshold of what FEP, PIP and m-NLP could
measure. This is why, as mentioned in section 4.4, there are no electron density profile
obtained by m-NLP and FEP below 86 km in Figure 16 and no ion density obtained by
PIP below 87 km in Figure 17.
Figure 16 shows the electron density profiles obtained by the FEP, m-NLP and Faraday
experiment. As we can see, even though these profiles are normalized in one height (99 km),
they do not overlap completely. A small-scale diﬀerences between the low resolution electron density profile from Faraday, and the two other high resolution profiles, was expected
since FEP and m-NLP detect some small scale structure. A possible reason for the discrepancy of the measurements on the ECOMA flights, may be related to the properties of
the varying platform potential (see leftmost plot in Figure 18). This is no surprise remem35

bering the expression (Equation 2) for electron density being dependent on exactly this
factor. Another reason may be that the number and complexity of the instruments on the
ECOMA payload has disturbed the measurements by FEP and PIP.
Figure 17 shows the electron density profile obtained by the Faraday experiment and the
ion profile obtained by PIP. Due to charge neutrality in the ionosphere, there must be as
many negatively charged species as there are positively charged species. The positively
charged species can be positive ions and positively charged aerosol particles. The negative
species can be electrons, negatively charged aerosol particles, and negative ions. The Faraday experiment only measures electrons and not the other two negatively charged species.
In Figure 17, we see that there is a discrepancy between the electron and positive ion
density profiles. The ion density seems to be higher than the electron density. This could
be due to the before mentioned instrumental reasons or at least partly, due to some of the
electrons having been attached to meteoric smoke particles.
Figure 18 shows on the left side, a plot of negatively charged aerosol particles, while the
plot in the middle shows the surplus of positive charge by subtracting the electron density
from the positive ion density. A plot like that would ideally show the amount of electrons
”missing“ due to attachment to meteoric smoke particles. As we see, the ions are continuously in surplus where there seems to be meteoric smoke. (The spikes above this region
are attributed to the small scale diﬀerences due to the diﬀerent height resolution between
the two profiles). The particle detector cannot detect aerosol particles that are (typically)
smaller than 2 − 3 nm, electrons can also be attached to some of these smaller particles.
It is unknown how many of these small particles there are, nor do we know their height
distribution. We also see that the charge density of the positive surplus is roughly a factor
10 greater than the charge density of the smoke particles. This is a big diﬀerence, if it
was considered exact measurements it could mean that only about 10% of the negatively
charged particles would be detected by the ECOMA instrument. But, since we don’t know
exactly how the PIP has been eﬀected by the payload potential or the other instruments,
we cannot draw this conclusion, nor take this number as a real. What we can do is seeing
it as a supporting indication of the existance of negatively charged smoke particles, and an
indication of there being undetected smoke particles.
It should be mentioned that, at the time of launch, the payload potential is zero, but the
moment it gets launched it becomes negatively charged due to the dense atmosphere. If
electrons are attached to smoke particles, those otherwise free electrons loose their mobility,
and more ions than electrons will collide with the payload, resulting in a decrease of negative
platform potential. There seems to be a slight tendency of this in the rightmost plot in
Figure 18. This eﬀect is more visible during the ECOMA 8 flight, where there are more
meteoric aerosol particles present.
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Figure 16: Electron density profiles obtained by FEP (black line), m-NLP (blue line) and
the Faraday experiment (red line). Normalized at 99 km.
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Figure 17: Positive ion density profile obtained by PIP (black line), electron density profile
from Faraday (red line). Normalized at 99 km.
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Figure 18: Plot showing, from the left, charged aerosol particle density, the diﬀerence
between ion and electron density (ion-electron), and platform potential for ECOMA 7.

4.5.2

ECOMA 8

ECOMA 8 was launched at the peak of the Geminids meteor shower. Figure 19 shows an
image taken at Andøya the night of the launch, displaying an aurora. It shows that the
ionosphere was slightly disturbed this day. This is also reflected from the higher electron
and ion densities obtained from the plasmaprobes on the rocket.
Figure 20 shows the electron densities obtained during this flight. The diﬀerent electron
density profiles were normalized at 90 km since the meteoric smoke seemed to be below
89 km. This normalization height gave a relatively good agreement between the profiles in
the interesting region under 90 km, but resulted in a noticeably larger discrepancy above
this height. Figure 21 shows the electron density profile from the Faraday experiment, and
the ion density profile from PIP. These profiles were also normalized at 90 km. It shows a
discrepancy both over and under the normalization height, but as seen by comparison with
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Figure 22 the discrepancy below the normalization height is in the same height region as
there seem to be negatively charged meteoric smoke particles. Figure 22 shows very clearly
that the surplus of positive ions is in the same height range as where the smoke particles
are. It also shows clearly how the platform potential decreases in this same region. Another
explanation for the decreasing negative platform potential than the one mentioned in the
previous section, is that smoke particles having a slanting impact on the payload skin can
knock out electrons from the payload.

Figure 19: Photo taken at Andøya, 13. December 2010 Photo: Kolbjørn Blix Dahle.
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Figure 20: Electron density profiles obtained by FEP (black line), m-NLP (blue line) and
the Faraday experiment (red line). Normalized at 90 km.
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Figure 21: Positive ion density profile obtained by PIP (black line), electron density profile
from Faraday (red line). Normalized at 90 km.
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Figure 22: Plot showing, from the left, charged aerosol particle density, the diﬀerence
between ion and electron density (ion-electron), and platform potential for ECOMA 8.

4.5.3

ECOMA 9

ECOMA 9 was launched a few days after the peak of the Geminids. The ionospheric conditions were more quiet compared to how it was during the launch of ECOMA 8. Figure 23
shows the electron density profiles from m-NLP, FEP and the Faraday experiment. They
are normalized in a height of 91 km. The m-NLP measurements overlaps better with the
Faraday measurements than the FEP measurements does. This seems to be the case for all
three flights. There is a large discrepancy between the electron density profile obtained by
FEP, and the two other profiles, both over and under the normalization height. ECOMA 9
has the most negatively charged platform potential of the three winter flights (see leftmost
plot in Figure 25) and also the largest discrepancies between FEP and Faraday measurements.
Figure 24 shows the electron density obtained by the Faraday experiment, and the positive
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ion density obtained by PIP. The discrepancy between the two profiles under the normalized height may partly be attributed to the attachment of electrons.
Figure 25 shows the same kinds of profiles as Figure 18 and 22 in the previous sections. Also
here, the continuous surplus of ions is in the same height range as the negatively charged
meteoric aerosol particles. The platform potential shows a slight decrease in potential in
the region of the charged smoke particles, in this case too.

Figure 23: Electron density profiles obtained by FEP (black line), m-NLP (blue line) and
the Faraday experiment (red line). Normalized at 91 km.
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Figure 24: Positive ion density profile obtained by PIP (black line), electron density profile
from Faraday (red line). Normalized at 91 km.
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Figure 25: Plot showing, from the left, charged aerosol particle density, the diﬀerence
between ion and electron density (ion-electron), and platform potential for ECOMA 9.

46

5

Summary, Conclusion and Outlook

For all three flights during the ECOMA Geminids campaign, a surplus of positive ions
were measured with the plasma probes in the region of negatively charged aerosol particles. The aerosol particles are believed to be meteoric smoke particles. Since the otherwise
mobile and free electrons are attached to these smoke particles, the surplus of free positive
ions would impact the payload, making it less negative when flying through that region.
Another possible explanation for the payload becoming less negative when flying through
the charged smoke particles, is that the slanting impact of smoke particles on the payload
skin knocks oﬀ electrons and that way makes it less negative.
A second conclusion is that; due to the magnitude of the large surplus of positive ions,
compared with the magnitude of negatively charged aerosol particles, (there was about a
factor 10 diﬀerence in magnitude), it seems that the ECOMA instrument does not detect
all the negatively charged aerosol particles. The factor 10 cannot tell us quantitatively how
much is not detected, due to the uncertainties of normalization between charge profiles,
but rather serve as a strong indication that there is a large diﬀerence.
Due to the relatively good agreement between electron density profiles obtained by m-NLP
and the Faraday experiment, and the relatively large discrepancy between these two profiles and the profile obtained with FEP, it is recommended that for later flights, only the
m-NLP and Faraday experiment should be used for measuring electron density.
A proceedings article (Hoppe et al., 2011c) (see appendix A), of which I am co-author,
treated the early preliminary results of the electron and ion density profiles presented in
this thesis. It also compared the payload potential and charged aerosol particles from
the ECOMA instrument for ECOMA 8. The conclusions drawn in that article, are in
accordance with the conclusions presented above.
Another conclusion from these thesis is that; normalizing electron and ion profiles with the
electron profile obtained by the Faraday experiment, should be done in a height above the
region where meteoric smoke occurs.
Further work and analysis will be done on the results from the ECOMA Geminids campaign, Appendix B shows a list of 10 upcoming papers, planned to be published in 2012.
Of these papers, the ion and electron density profiles that have been worked with in this
thesis, may contribute to article number 6,7,8 and 9 in the list in the appendix.
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ABSTRACT
Three winter flights of ECOMA payloads took place
before, during and after the peak of the Geminid
meteor shower in 2010 with the aim of studying the
effect of an enhanced flux of meteors in the
atmosphere. This paper will use data from all the
plasma and one particle instruments (ECOMA). We
present and comment the performance of the
instruments on these three flights and document a clear
change of payload potential in the exact height range
where negatively charged smoke particles are present.
1. INTRODUCTION
A number of studies underline the importance of
understanding the physical, photochemical and
radiation processes in the upper atmosphere in order to
understand what goes on in the whole atmosphere,
including the long-term variations (natural and
anthropogenic) that constitute climate variations. A
recent study [1] states that both observations and
models in the height region 50 to 80 km still are in a
state of development, and while the overall agreement
of models with observations is encouraging, an
improvement of the situation is desirable. The thermal
structure of the mesopause region (80 to 120 km) is
influenced by a number of complex physical and
chemical processes (e.g., radiation processes in nonlocal-thermodynamic equilibrium, energy exchange
between CO2 an O, dissipating gravity waves, turbulent
transport of energy, momentum, and source
constituents, energetic particle equilibrium). We need
more robust observations of various atmospheric
parameters from this height region in order to
discriminate the influences of the different processes in
a quantitative way and to indentify possible trends [1].
In 2008 and 2010, six ECOMA rocket payloads were
launched from Andøya Rocket Range (69Û1  LQ
northern Norway in the periods 30 June – 12 July and 4
– 19 December, respectively. The payloads carried
different types of plasma probes to measure positive
ions and electrons, as well as a set of particle detectors
for measurements of charged and neutral smoke
particles and NLC/PMSE particles. Additional on-

board instruments measured neutral temperature and
density. The summer launches took place during
different geophysical situations and at different times
of the day (two near noon and one near midnight),
while the winter launches all took place in the morning
hours and at almost the same solar zenith angle. During
all three summer flights, the payloads flew through a
noctilucent cloud (NLC); polar mesosphere summer
echoes (PMSE) were present only during the first and
third launch. All flights were accompanied by a host of
active and passive ground-based observations. Many
results from the launches in 2008 have been reported in
[2] and by eight papers in a special issue prefaced by
[3]. The charging properties of meteor smoke and
implications for seasonal variation that we have learned
in the ECOMA programme have been published in [4].
The processes of electron loss in the presence of
meteoric smoke particles have been studied in more
detail, using the same flights as this paper, and
therefore perhaps in similar preliminary fashion in [5].
In this paper we will concentrate on the performance of
the different plasma probes in December 2010 with and
without the presence of meteor smoke particles.
2. INSTRUMENTS AND DATA
Of the instruments on board the ECOMA payload, this
paper uses the ECOMA instrument [4], the Faraday
Experiment [5], the Positive Ion Probe (PIP) and
Electron Probe (EP) [6], [7], and the Multi-Needle
Langmuir Probe System (m-NLP) [8].
The m-NLP sensors on ECOMA are four identical
needles (see Fig. 1) held at four different, small, fixed
potentials such as shown for two needles in Fig. 2. It is
important that the needle diameter is much smaller than
the needle length and that it is much smaller than the
Debye length in the target observation height. The
braid is kept at the same potential as its needle so that
the observation geometry in the plasma is not perturbed
from the situation with one long, thin needle (or
cylindrical probe) at a given potential. The current is
measured from the needles only. The largest m-NLP
potential was 5.1 V so as to disturb the other plasma
measurements on board as little as possible. The

smallest potential was 2.5 V (both with respect to the
payload potential), and the other two equidistant
between those two values. When the square of the
needle current is plotted as a function of needle
potential as in Fig. 2, the slope of the regression line
depends only on fundamental constants, the geometric
dimensions of the needle and the local electron density
[8]. Most importantly, the slope is independent of the
payload potential. The intersection of the regression
line with the potential axis yields the payload potential.

Figure 1. The m-NLP instrument probe [8]

Figure 2. The m-NLP analysis method [8]

Table 1. Launch times, apogees, and launch conditions
of the three flights presented here. See also [5].

Fig. 3 shows the electron density profile from ECOMA
7. The red line is from the Faraday Experiment, using
all usable frequencies, Faraday rotation as well as
absorption [5]. It is the profile we attach most
credibility to, as it stems from Faraday rotation
between the ground-based transmitter and the receivers
on the payload. However, it gives only one value per
spin rotation period of the payload. To our knowledge,
this profile is the lowest electron density profile ever
measured by this rocket-borne method at auroral
latitudes. The blue and green lines give the
corresponding profile measured on upleg and and
downleg with the m-NLP completely independently,
but on the same payload. Ideally, the red and blue lines
should coincide at all heights. Below 86 km, the blue
line exhibits interference from the boom deployment
and should not have been drawn in this preliminary
plot. Also, it would appear that the m-NLP did not
perform well at electron densities below 108 m-3, a very
small electron density for the D-region. Between 86
and 105 km, the values from m-NLP are nearly twice
as large as the values from the Faraday experiment.
The m-NLP measures the electron density
independently of the payload potential, but near the
payload. At this time, we attribute the discrepancy to
wake effects near the payload, which do not affect the
Faraday experiment. Further work is needed to confirm
this explanation. The currents measured with the four
m-NLP needles are digitally filtered to remove the spin
frequency and a large number of higher harmonics
before further processing. We will check in the near
future how such filtering might ‘average’ the currents
from ram and wake during the spin.

Figure 3. Electron density profiles from ECOMA 7
using three independent instruments, two on upleg and
m-NLP both from upleg and downleg. The blue and
green lines are unreliable below 86 km.
The green line is the electron density profile from the
m-NLP from downleg. It is included to show how
much the electron density changes over a horizontal
distance of several tens of km. The black line is the
electron density profile from the electron probe (EP),
which gives a relative value and must be normalised at

one altitude. Here, we have normalised the profile to
the Faraday profile at 95 km. This profile still exhibits
a strong spin modulation which we did not have time to
remove before the ESA Symposium. Below 90 km and
above 98 km, the EP profile deviates somewhat from
the Faraday profile, presumably due to changes in the
instrument’s equivalent area in different flow regimes.
Experience from earlier flights encourages us that these
deviations can be explained by physical processes after
further work. Also the EP does not appear to be reliable
at electron density values smaller than 108 m-3. Note
that all three instruments independently detect a small
increase between 91 and 92 km, where a sporadic E
layer was observed at the same time with the EISCAT
radar some 125 km away.

obviously have more work to do concerning the
sensitivity of PIP at flows of different velocities.

Figure 5. As Fig. 3, but for ECOMA 8

Figure 4. Electron density from the Faraday
experiment and positive ion density from PIP on upleg
(ECOMA 7)

Figure 6. As Fig. 4, but for ECOMA 8

Fig. 4 compares the red line from Fig. 3 with the
positive ion density profile measured with PIP, also on
upleg. This profile also needs spin removal before
further processing. As EP, PIP gives a relative profile,
and we have normalised it to the Faraday profile at 95
km. Also PIP exhibits the small maximum near 97 km.
There may be flow and sensitivity issues yet to be
studied above 98 km, and the instrument appears to
perform unreliably at plasma densities below 108 m-3.
To the degree of detail visible here, we observe charge
neutrality, but see [5].
Fig. 5 is analogous to Fig. 3, but for ECOMA 8. The
feature in the m-NLP profile near 82-83 km is an
artefact of boom deployment. The m-NLP system
shows up to twice as many electrons m-3 than the
Faraday experiment, presumably due to wake effects.
Spin modulation has unfortunately not yey been
removed from the EP profile, which was normalised to
Faraday at 97 km. In Fig. 6, the spin modulation has
not yet been removed from the PIP profile, and it has
been normalised to the Faraday Profile at 100 km. We

Figure 7. As Fig. 3, but for ECOMA 9
Fig. 7 displays the same kind of data as Fig. 3, but for
ECOMA 9. This time, the EP profile has been
normalised to the m-NLP profile from upleg at 99 km.
The m-NLP profile shows the artefact from boom
deployment at 81 km, and perhaps we ought to not
have plotted the profile below 82 km. Fig. 8 is
analogous to Fig. 4, but for ECOMA 9. The same

general comments apply to Figs. 7 and 8 as to the other
pairs.

Figure 8. As Fig. 4, but for ECOMA 9. Normalisation
altitude 100 km.
Fig. 9 shows in the right panel how the payload
potential varied during the ECOMA 8 flight according
to the m-NLP. While the payload potential was nearly
constant near -2.5 V to -2.6 V, it became much less
negative in the height region 85 to 100 km on upleg.
We have never had the instrumentation to measure a
profile of payload potential at several times during a
flight. The left panel of Fig. 9 shows the number
density of charged (meteoric) smoke particles from the
ECOMA instrument [4]. Obviously, the payload
potential excursion happens at the same height where
we observe a layer of negatively charged smoke
particles, and the two profiles are very similar, even if
not exactly mirror images of each other. We observe
similar effects on ECOMA 7 and ECOMA 9. Our
tentative explanation is that about 8·107 m-3 of the
approximately 2·109 m-3 negative charges have become
attached to smoke particles. Therefore, there are fewer
free electrons, which have much larger mobility than
smoke particles, and there is correspondingly less
negative charging of the payload due to electrons
impinging on the payload from all sides. The charged
smoke particles collide only with the payload’s front
deck, a much smaller surface area. Assuming that most
of the (meteoric) smoke particles were negatively
charged, which we will know after further analysis of
the ECOMA data, our observation would also agree
with another possible physical process: Glancing
collisions of smoke particles on the payload skin could
knock out electrons from the payload, thus leading to a
smaller negative potential.

3. CONCLUSIONS AND OUTLOOK
As expected, we observed no strong electron bite-outs
in December. The payload potential becomes less
negative in the presence of meteor smoke particles,
either because some of the otherwise free electrons
become attached to smoke particles and lose their
mobility, or because the slanting impact of smoke
particles on the payload skin removes electrons from
the payload. The multi-needle probe measures a highresolution electron density profile in the immediate
vicinity of the payload, independent of the payload
potential, but presumably these measurements include
wake effects. The Faraday experiments measures the
electron density profile as the derivative of the total
electron density between the transmitter on the ground
and the receiver on the moving payload – without wake
effects but with coarser height resolution. For future
sounding rocket launches, we recommend combining
the Faraday experiment, the Multi-Needle Probe and
the Positive Ion Probe as a plasma diagnosis package.
This paper shows early, preliminary results from the
data analysis after less than six months. Additional
work will refine the details of the profiles, hopefully
remove spin modulation and yield much more
information by combining information with other onboard and ground-based results.
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M. Rapp, and K. Torkar (2011c). ‘The charge balance in the presence of meteoric
smoke in the upper mesosphere under winter conditions-preliminary results’. In: 20th
ESA Symposium on European Rocket and Balloon Programmes and Related Research.
Hyères, France, pp. 413–417.
Hunten, D. M., R. P. Turco, and O. B. Toon (1980). ‘Smoke and dust particles of meteoric
origin in the mesosphere and stratosphere’. In: Journal of Atmospheric Sciences 37,
pp. 1342–1357. doi: 10.1175/1520-0469(1980)037<1342:SADPOM>2.0.CO;2.
Kivelson, M.G. and C.T. Russel (1995). ‘INtroduction to Space Physics’. In: Cambridge
University Press. Chap. 7. Ionospheres.
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