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ABSTRACT

Ton temperature and total ion concentration measured on 25th
October 1977 during the flight of the geophysical rocket
"Wertical-6" are analyzed. The solar EUV fluxes determined in five
wave~length bands with a photoelectron analyzer are also given. The
observed anomalous variation of ion temperature between 700 and 900
km and the measured ion concentration can be explained, if the

charge exchange reactions H*&2 Ot and diffusion are taken into
account,

INTRODUCTION

The geophysical rocket "Vertical-6" was launched on 25th October
1977, 15 15 IMT from the midlatitude area of the Iuropean part of
the USSR for a comprehensive investigation of the upper atmosphere
in the framework of the Intercosmos program. The rocket reached an
altitude of 1500 km and its trajectory was very close to the verti-
cal, the deviation being not greater than about 3°, The rocket was
three—axis stabilized with an accuracy of %+ 3° , The measurements,
the results of which are analyzed here, were carried out by means
_of five planar retarding potential analyzers (RPA) looking into
‘Iferent directions of space and by a photoelectron analyzer,
4ich allowed the determination of the solar LUV flux in five
different wave~length bands [1] . The ion temperature and total ion
concentration have been determined from the characteristic curves
of the RPA looking vertically upwards, using a multi-parameter curve
fitting [2, 3, 4] , as well as from the results of one of the
analyzers looking horizontally. In addition, electron temperature

and the concentration of different ions measured on "Vertical=6" [5]
are also used.
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"Wertical~6" was launched during a geomagnetically very quiet
period, The relative sunspot number was 28, the solar radio flux,
measuredzgt 19,7 im, and the three-hourly geomagnetic index Kp were
88,1( 0"~y Hz" d 0, respectively. The launch time was
preceded and followed by a period of low solar activity.

Since rocket experiments reaching altitudes above 500 km and es-
pecially those, by which the ion temperature is determined, too,
are rare, the results of such measurements are useful both from the
point of view of aeronomical studies and the checking of models.

RESULTS AND ANALYSIS

For the determination of energy input by the solar EUV radiation
into the upper atmosphere, the fluxes in five different ranges of
the spectrum have been determined by means of the photoelectron
analyzer. Above the absorbing region of the atmosphere the values
given in Table 1 were obtained. Because of the known limited
resolving power of the method comparison of these values with the
results of more direct BEUV measurements [6, 7] shows that the
fluxes given by us Tor the wave~length bands 60-90, 90-110 and
110-135 nm are in this order 1.4, 2.4 and 0.76 times of the values
published in [7 « These data indicate that the input of energy by
solar LUV radiation was similar to that found during the flights

of Verticalzg ang 2,. when the solar radio fluxes at 10,7 cm were 89—
and 82 (10‘ V- Hz‘l) respectively. Thus, the agreement noted
above proves that during the flight of "Vertical-6" quiet conditioms
prevailed in the upper atmosphere. At the same time it Jjustifies
the use of atmospheric models [8] .

In Fig. 1 the variation of total ion concentration with height is
shown, For comparison the total ion concentrations obtained with an
ion trap on the rocket [5] are also plotted. The maximum of the F2
layer was located at an altitude of about 230 km.

In Fig. 2 the ion temperature profile is shown. In addition, the
electron temperature profile taken from [5] is also plotted. The
ion temperature shows values equal to the neutral temperature to an
unusually high altitude of about 550 km. It begins to differ from
the neutral temperature only above this height, where a relatively
steep increase in ion temperature is observed. Then at 700 km an
isothermal region follows, above which at about 800 km a minimum
occurs and the ion temperature shows a steep increase again. Thus,
the isothermal region at 700 km may also be interpreted as a local
maximum. A less steep height gradient of the ion temperature is
reached at about 900 km,

DISCUSsION

The variation of electron temperature with height is affected by
the electron (ion) density profile to a height of about 500 km.
The decrease of electron (ion) density above the maximum of the

F2 layer is reflected by the electron temperature in Fig., 2, as a
steep increase at the same altitude, indicating that due to the
decreasce of electron (ion) density the cooling of the electron gas
decreases considerably, A region of almost constant electron
temperature is formed [9] , as the ion temperature begins to in-
crease at a height of 550 km due to the heating by the ambient
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Jige 1

Total ion density profile,
megsured by planar retarding
potential analyzers and ion
densities, obtained with an
ion trap and taken from [5] .

Mg, 2

Variation of ion tempera-
ture with altitude, de-
termined by means of a
planar retarding potential
analyzer (x) and the
electron temperature pro-
file, taken from [5] (o) .
The heating rate (
and cooling rate
of the ion gas are also
shown.
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electrons. This process holds, till the steep increase in ion
temperature does not cease. Above this region, at an altitude of
about 800 km a small maximum occurs in the electron temperature
profile., This small meximum of electron temperature coincides with
a minimum in the ion temperature, above which an ion temperature
gradually approaching the electron temperature may be observed with
smaller fluctuations superposed on both profiles.

Since the ion temperature shows especially anomalous variations
between the altitudes of 700 and 1000 km, this region will be
discussed in more detail., This region lies Just above the critical
height [10] , below which chemical processes are dominant and above
which diffusion begins to control the distribution of plasma. The
ion compogition is yet largely determined by the charge exchange
reactions H  + 0 =07+ H, and 0t + H—H*++ O respectively.
These reactions can affect the ion temperature, too. It is known
[11] that the heating rate of hydrogen ions due to the ambient
electrons is sixteen times larger than that of the oxygen ions. At
the same time the cooling rate of the oxygen ions, attributed to
elastic collisions with neutrals and moving in this height region
practically in their parent gas, is about two to three times larger
than that of the hydrogen ions t12] + Thus, the heating and cooling
of the ion gas also depends on the ratio of the concentration of
hydrogen ions to the concentration of oxygen ions, Therefore, in
the upper part of the height region considered, where O+t + H—eH¥" + Q_
is the dominant charge exchange reaction, the heating of the ion g:
may be more effective, consequently the cooling less intense (sece
steep increase of the ion temperature in Fig. 2) , than in the lower
part of this region, where in a small height interval the reverse
reaction is prevailing [13] (see ion temperature minimum in Fig. 2).
The altitude of transition between the dominant chargi exchagge
reactions may change due to the counterstreaming of 0 and H ions
[13, 14, 15] . It should be noted that in this case the ion
composition does not reliably indicate the variation of ion
temperature, since the rate coefficient for the reaction
0, + 00— 0 + 0" ig comparable to that of the charge transfer
HY + 0 =0t + H [16] . In Fig. 2 the heating and cooling rates,
computed according to [1l, 12] with the observed total ion density,
ion composition, electron and ion temperatures, as well as taking
the neutral number density and neutral temperature from CIRA 1972,
are also plotted. The data show that between 700 and 900 km in-
creased heating and somewhat decreased cooling take place. This
shows that the height region mentioned i1s a region of non-steady
conditions like a fransitional zone. (Quasi-adiabatic heating due
to plasma compression [17, 18] can also not he excluded, as the RPA
measurements indicate strong downward flow of plasma.) Further
investigations are needed to clarify the observed features of the
ion temperature profile.
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TABLE 1 Solar EUV Fluxes

wave—
length (nm) <60 60~90 90-110 110-135 >135

flux
(1812 photons 53 190 710 4110 3830
m”~ s’l)






