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ABSTRACT

A new Langmuir Probe payload, to be flown on-board SONDA
ITI and SONDA IV rockets, is being developed at INPE. The major
scientific objectives of the experiment are the measurements of electron
density and electron temperature, the study of the spectral distribution
of electron density irreguiarities in the day and nighttime ionosphere,
and the study of the bTasma irregularities in the equatorial electrojet.
The payload basicallyconsists of a Langumuir Probe sensor made of
stainless steel and ogive in shape, situated at the nose-tip of the
rocket , and an electronic system to monitor the sensor current and to
telemeter it to the ground station. A sweep voltage varying between -1V
and + 4V is applied to the sensor, and the current collected by it is
converted into a varying voltage signal, and is then amplified and
telemetered to the ground using an on-board telemetry system. To cover
the almost five decades dynamic range of the electron density variation
with height, as well as to obtain information about the spatial varia-
tions in the electron density, the sensor signal is processed through
three different channels. The total signal at low gain is transmitted
through one of the telemetry channels, while the second channel carries
the signal processed at an automatic gain control unit. The signal,
after passing through a band pass filter, is transmitted through the
third channel. The sensor current and its slope with respect to the
sensor voltage, as measured = through the first two channels, give
information about the electron density and electron temperature
respectively, while the thifd channel contains information about the
electron density irregularities.



INTRODUCTION

Laboratory measurements of plasma parameters such as
electron and ion densities, electron and ion temperatures, and the
spatial distribution of electrons and ions, have been mainly through
the use of what are generally known as Langmuir_ Probes (LP). The LP
technique was first appTied for ionospheric measurements when Spencer
and his co-workers used V, rockets for upper atmospheric measurements
(Gunnar Hok et al., 1953). Since then various forms of LPs have been
used for plasma measurements in the ionosphere (Boggess et al., 1959;
Ichimiya et al., 1960; Boyd and Willmore, 1962; Prakash and Subbaraya,
1967 ; Smith, 1969; Prakash et al., 1968, 1972; Hirao and Oyama, 1970).

In the conventional rocket-borne LP system the sensor is
a small section of the nose-tip of the rocket, or a separate electrode
projecting outside from a suitable portion of the rocket nose-cone,
and is well-insulated from the rocket body. A potential varying around
the floating potential of the rocket is applied to the sensor and the
current drawn by it from the surrounding plasma is measured. When the
probe is at a constant potential, sufficiently positive, the probe
current is proportional to the ambient electron density, and the probe
current profile is a faithful reproduction of the electron density
profile in the medium. By applying a varying potential to the probe,
it is possible to obtain the electron temperature from the siope of
the probe current-probe voltage characteristic.

A new LP payload to be flown on-board SONDA IIIl and
SONDA 1V rockets is being developed at INPE and the system details are
presented here. The major scientific objectives of the experiment are
the measurement of electron density and temperature and the study of
the spectral distribution of electron density irregularities.









PRINCIPLE OF OPERATION

A conducting sphere of surface area A moving with a velocity
Vg in a plasma collects both electron and ion currents. The current thus
collected depends on the thermal velocity of these particles as well
as the velocity of the sphere. In the beginning, though the electron
current is much Tlarger than the ion current, due to the large thermal
velocity of electrons,this charges the sphere to a negative potential.
This negative potential of the‘sphere rises to a value called the
floating potential at ‘which the electron and ion currents
become equal. The negative floating potenfial of the sphere causes
the development of an ion-sheath surrounding, the sphere and this

modifies the current to the sphere,especially the positive ion current.

Over the height range of 75 to 3000km the ion-sheath
thickness has values of a few centimeters and can be neglected for
sensors of large diameters (of the order of meters). But increasing the
sensor diameter poses another serious problem related to the return
path for the current collected by the sensor. To overcome this "current-
dumping" problem‘the surface area of the probing sensor should be made
negligibly small compared to the surface area of the parent spacecraft.
This puts an upper limit on the size of the senor, at which the ion-
sheath effects cannot be neglected. To overcome this problem, one of
the practical methods adopted is to apply an additional potential to
the probing sensor, with respect to the spacecraft, and sweep this in
time from a negative value to a positive value. It can be shown that,
for a negative potential V of the sensor, the net current to the sensor
is given by the relation: |

i=enhA [vg - Vg exp (-eV/kTe):I (1)
where

e is the electronic charge,

n is the number density of electrons and ions (assumed to be equal),

Ve is the thermal velocity of electrons,
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and hence of the LP sensor could be obtained from the magnetic sensor
data. For detailed analysis of the LP data, the data signals recorded
on analog magnetic tapes are digitised and recorded on computer
compatible tapes in a convenient format, using an interface.






