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ABSTRACT

Ion temperature and ion density, measured the 25th October 1977 during
the flight of the geophysical rocket "Vertical-6" by means of five retarding
potential analyzers 1looking into different directions of space, are analyzed.
The solar EUV fluxes determined in five vawe length bands with a photoelectron
analyzer are also given. Using the ion composition and electron temperature,
measured simultaneously, it is shown that the average variation of ion tem-
perature with altitude 1s in agreement with the heating of the ion gas by
the ambient electrons. The observed anomalous variation of ion temperature
between 700 and 900 km and the measured ion concentration might be explained,
if the charge exchange reactions H*20* and diffusion are also taken into
consideration.

AHHOTALMA

[P noMouH MNATH AaHANMIATOPOB C TOPMO3HHM MOTEHUHAJIOM, YCTAaHOBJIEHHHX B
pa3nuyiLe HanpabJSIeHHA HA reodH3uveckof paxeTe "BepTuxanns-6", 3anymenson 25
oxTatpa 1977 rona, 6unM nposeneHH M3MEPEHMA H AHAJIK3 HOHHOR TeMmnepaTypH H
HOHHOA NNOTHOCTH. YABTPAdPHONETOBOE HINnyueHHe Combilla OHJIO ONpeneneHo B IMATH
OCNIacCTAX IIMHH BOAH NMpH TOMONMM aHANH3ATOPa POTO3INEKTPOHOB. NPHU HCNONbL3OBaAHMH
OAaHHHX 10 HOHHOMY COCTaBy H 37IeVTPOHHOA TeMnepartype, H3MePeHHOR ONHOBPEeMeHHO
C B3meperHneM MOHHOA TEeMNEepATYDH, Pe3y/bLTATH NOKA3HBANT, YTO HIMeHeHHeM BHCOTH
cpensee #IMeHEHHE HOHHOR TeMrneparyph COOTBETCTBRYET BO3IGYXRIEHMW HMOMHOIO rasa,
ofipasyemMoro OT okpyxamix 3/1eXTPOHOB, HeobHynOe H3MeHeHHME HOHHOR TeMnepaTtTyps
Mexny 700 n 900 kM, a TaxKi.2 MIMepPeHHAA HOHHAA KOHUEHTPAUHA MOXeT OHTb OObAC~-
HEHO NPH yyeTe peakuun o6MeHa 3apana H¥a# o'tu anddysuu.

KIVONAT

Az 1977, oktbber 25-én felbocs&tott "Vertik&1l-6" geofizikai rakéta repii-
1&se sorfn Ot, kildnbBz8 iré&nyba nézd fékezSpotencillos sikanalizhtor segit-
ségével ionh3mérsékletet é&s ionsirlséget mértek , majd analizdltak. A Nap UV
sughr2£sét 8t hullémhossz tartoményban egy fotoelektron analizétorral kapjuk.
Felhaszn&lva az egyidejllleg mért ion8sszetételt &s elektronhOmérsékletet, az
eredmények azt mutatj&k, hogy az ionhdmérséklet Atlagos valtozésa a magasig-
gal Usszhangban van az ionghznak a kbrnyezd elektronck Altal t¥érténd fltésé-
vel. A 700 &8 900 km ktz8tt &szlelt kllldnleges ionhdmérséklet val;ozés és
a mért ionkoncentr&cié megmagyar&zhatd, ha figyelembe vesszlk a HgO  t8ltés-
csere reakcibt &s a Aiffuzibt,




INTRODUCTION

The geophysical rocket "Vertical-6" was launched the 25th
October 1977, 15 15 LMT from the middle latitude area of the
European part of the USSR for the complex 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 vertical, the deviation being not greater
than about 3°. The rocket was three axially stabilized with an
accuracy of + 3°. The measurements, the results of which are
analyzed here, were carried out by means of five retarding poten-
tial analyzers /[RPA/ looking into different directions of space
and by a photoelectron analyzer, which enabled the determination
of the solar EUV flux in five different wave length bands [1].
The ion temperature and total ion density have been determined
from the characteristic curves of the RPA looking upwards, using
a multi parameter curve fitting [2, 3, 4], as well as from the
indications of one of the analyzers looking horizontally. In ad-
dition, electron temperature and the concentration of different
ions, measured on "Vertical-6" [5], are also used.

"Vertical-6" was launched in a geomagnetically very quiet
period. Tl.e relative sunspot number was 28, the solar radio flux,
measured at 10,7 cm, and the thre~~hourly geomagnetic index Kp
were 88,1/10" %2
preceded and followed by a period of low solar activity. Thus,

wm 2Hz 1/, respectively O. The launch time was

the state of the upper atmosphere during the flight of the rocket
corresponds really to undisturbed conditions.

Since rocket experiments, reaching altitudes above 500 km
and especially those, where the ion temperature is also deter-
mined, are rare, the results of such measurements are useful both
from the point of view of aeronomical studies and the checking
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of models. As regards aeronomical studies, rocket measurements
reprodvce the altitude profiles of the main parameters of the
upper acmosphere and thus enable the detection of variations with
altitude, which cannot be revealed by means of satellite observa-
tions.

RESULTS AND ANALYSIS

For the determination of energy input by th. solar EUV
radiation into the upper atmosphere, the fluxes in five different
ranges of the spectrum have been determined by means of the photo-
electron analyzer. Above the absorbing region of the atmosphere
tke following values were obtained:
wave
length /R/ <600 600-900 900-1100 1100-1350 :1350

flux
/10*%photon 0,525 1,9 7,1 41,1 38,3
cmozs-l/

These data indicate that the input of energy by solar EUV
radiation was similar to that found during the flight of Vertical
1 and 2, when the solar radio fluxes, measured at 10,7 cm, were
89, respectively 82/10-22Wm.2
above proves that during the flight of "Vertical-6" really quiet

Hz"l/. Thus, the agreement noted

conditions governed in the upper atmosphere. At the same time it
justifies the use of atmospheric models [6].

In Fig. 1 the variation of total ion density with height
is shown, determined partly by means of the RPA looking upwards,
partly on the basis of the data, measured by one of the RPA-s
looking in horizontal direction. For comparison the ion densities
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 Pig. 2 the ion temperature profile is shown. Additionally,
the electron temperature profile taken from [5] is also plotted.
The ion temperature shows values equal to the neutral temperature
to a height of about 550 km. It begins to differ from the neutral
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temperature only above this height, where a relatively steep
increase of jon temperature is observed. Then at 700 km an
isothermal region follows, above which at akout 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 then about 900 km.

DISCUSSION

The variation of electron temperature with height is af-
fected by the ion density profile to a height of about 500 km.
The decrease of ion density above the maximum of the F2 layer
is indicated by the electron temperature in Fig. 2 as a steep
+ increase in the same altitude, which shows that due to the
| decrease of ion density the cooling of the electron gas decreases
considerably. A region of almost constant electron temperature

is formed (7], as the ion temperature begins to increase at the

' height of 550 km due to the heating by the ambient electrons.

This process holds, till the steep increase of ion temperature
does not cease. Above this height, at an altitude of about

800 km a small maximum occurs in the electron temperature profile.
This small maximum of electron temperature coincides with a

minimum of ion temperatare, above which an ion temperature
gradually approaching the electron temperature may be observed
with smaller fluctuations superposed on both piofiles.

Since the ion temperature shows anomalous variations be-
tween the altitudes of 00 and 900 km, this region will be
discussed in more detail. This region lies just above the criti-
; cal height (8], below which chemical processes are dominant and

above which diffusion begins to control the distribution of
plasma. The ion composition is largely determined by the charge
exchange reactions it + 0+ o+ + H, respectively ot + 1~ it + o
J yet. These reactions can affect the ion temperature, too. It

is known (9] that the heating rate of hydrogen ions due to the

ambient electrons is sixteen times larger than thatof the oxygen
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ions. At the same time the cooling rate of the oxygen ions,
attributed to elastic collisions with neutrals and movirg in
this height region practically in their parent gas, is about

two to three times larger than that of the hydrogen ions [10].
Thus, the heating and cocling of the ion gas depends on the
ratio of the concentration of hydrogen ions to the concentration
of oxygen ions. Therefore, in the height region considered,
where 0' + H » H' + 0 is the dominant charge exchange reaction,
the heating of the ion gas may be more effective, respectively
the cooling less intense, than there, where the reverse reaction
is prevailing. In the former region the loss of 0+ is greater
than its production, while in the latter case the reverse con-
ditions occur. In Fig. 2 the heating and cooling rates, computed
with the observed electron density, ion composition, electron
end ion temperatures, as well as taking the neutral anumber
density and neutral temperature from CIRA 1972, are also plotted.
The data show that between 700 and 800 km increased heating and
somewhat decreased cooling take place. This might be explained
by taking into consideration that the height region mentioned

is th. transitional zone from the point of view of the dominant

.charge exchange reactions [11]) and hence a region of non steady

conditions. The altitude of the transitional zone may change
due to the counterstreaming of 0+ and H' ions {11, 12]. Purther
investigations are needed to clear the observed feature of the
ion temperature profile.
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Fig.1 Total ion density profile, measured by retarding

potentizl analyszers, flown on the geophysical
rocket "Vertical-6". The ion densities, obtained
with an 1ion trap on the rocket (5] are also ehown.
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.2 Variation of ion temperature with altitude, determined

by means of a retarding potential analyzer, flown on the
gecphysical rocket "Vertical-6" /erosses/ and the electron
temperature profile, taken from (6] /open circles/. The
heating rate /solid Line/ and cooling rate /dashed linc/
of the ion gas are algo shown.
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