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In the sutumn of 1965 during lsunchings of geophysical
rockets experiments aimed at exploring the upper atmosphere -
'ui-e carried out. In Mcular, they included simultaneous

measuremsnits of the electron density . "e by dispersiun rad:l.o
method, of the electron temperature Te by probe methods and
of solar ultraviolet radiation by a photoelectron analyzer,
Measurements were pe_rromed in the height range of 100-'-50%
on September 20 and October 1 at the Sun's zenithal angles

~ of sbout 82° and 80° respectively. Rocket trajectories were
close to vertical.ones;

As a result the information was obtained not only on .
the ilonized but also dn‘»the neutral components of the ate
mosphere, Brief desoription of experiments and some preli-
minary results have becn given earlier [1] .

In the wm: cemunication the obtained results ot

different emments are given in a more comprehensive form
and are compared. Pigure 1 .shows the electron density
height varistions Gbtained on September 20, 1965 both by
the d:l.spersian interfemeter method (curve a) and by the

3

pﬂ» -etho&;@(curve b 3+ As evident from the figure, height
limmnons ot he electron density obtained by different

mda are of t sﬁilar cha.racter.mect“ron density values

4 by probe mea.sm-ements were somewhat lower by
? :




magnitude than those obtained by the interferometer method.
Therefore ne' values given in curve ( b ) of Pigure 1 were
normalized by the N, value in the maximum of curve ( a )e
Probe curve ( a ) has been obtained from data of three
pl‘ana'r probesk:' a one-electrode ( Langmuir ) probe, two- .
electrode and three—electrode electron traps. The same figure
gives the height distribution of the electron temperature -

v obtained by the I.angmnir probe. The valuee of electron tem-
peratures Te are averaged over the height intervals of

_ about 50 Im.. The accuracy of determining Te is ¥100°%c.
Within these limits the Ty values from the data of three

" probes’ coincide [2] .

. Prom the temperature curve the tendency is clear of
increase with height from sbout 1800° K to 2400° K , al-
though the height ’dependence of the temperature is of a non-
monotonous type. As evident from Figure 1, the difference
of Tp ' values obtained at varioua heights exceeds the possib— »
~ le values of experimental errors and most probably is due to
the actual character of Tg’ distribution with height.

. In the experiment on :anestigating of the photoemission
. by means of a photoelectron analyzer with a platimm photo-
cathode the dependence of the photocnrrenv ‘on the potential
of the analyzing grid was measured. This experinent has %
‘been described in [3] . The recording of photocurrent
began approximately from a height of 80 km. and with the
ascent of the Tocket the dens:.ty of the satué#ion 9hoto-
current comspond.mg to the pc:sif::w%t ( uith népect to %
photocathode ) potenﬁiﬁ&ff ﬂm analy oy
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that the increase in photocurrent observed with the rocket's
ascent is due to the decrease in solar ultraviolet rédiatioh
gbsorption in the upper atmodphere. .

The analysis of the form of the volt-ampere characte-
ristics has made it ppssible to evaluate the rough spectral
- composition of recorded radiatiomn. The values of the integ-
.ral ( by the spectrum ) absorption coefficient of solar
‘radiation at heights of 100 to 500 km are given in [1] .

The form of the volt-ampere characteristics was ana-
lyzed by comparins the experimental characterlstics with
the calibration characteristics obtalned umder laboratory
conditions, as it was dome in [4] .

It has been found out that the recorded photocurrent
is mainly due to.solar radiafion with the wavelengths
greater than 650 x._The calibration curves have made it
possible to divide tentatively the recorded radiation into
subranges with wavelengths of about 700 to 910 4, 910 to
1050 A and more than 1050 A. Near the rocket's trajectory
-apex the photocurrents caused by the radiation of the above
regions are related as 12,5:21:66,5 respectively ( see
Figure 2 showing the height variation of photocurrents ).
It is seen that ultraviolet radiation absorption in the
height range of 100 to 500 km essentially differs for
various spectral intervals. At high altitudes in the range
of 450 to 200 km the most absorbed spectral region is about
700 to 910 Z « Below 240 km absorption in the region about
910 o 1050 4 begins and below 120 km only radiation with

A > 1050 & is absorbed.
From the obtained data on absorption the neutral par-



ficleconcentratim N in the height range of about 100
to 450 km has been evalusted. A three-component model of the
at;nosphere has been considered, i.e. it has been assumed
that atomic ozygan.; molecular mgen and molecular nitrogen
are the main upper atmospheric components responsible for
ultraviolet radiation absorption. While selecting the values .
of the absorption cross-sections for 0, and N, use
was made of the experimental data by Watamabe [5] , Samson
and Cairns (6] and also by Hinteregger et.al. [7] who in
their turn had systenatizud the experimental results of &
number of authors. For axomic oxygen use vasnadsoftheors—
tical calculations by Dalgarmo et.al. [8] . Since in the
case in question the density was dstermined from ahsorption
of the abo-ve spectral subranges and not tm individual mo-
" nochromatic lines for which the sbsorption cross-section
would have been chosen more or less unambiguously, we had £o
assume the posaibility of using of one effective valna of-
absorption éross—section Geff for each spectral subrange
under consideration. The accuracy of computing the neutral -
particle concentration R 1is mainly determined by the
éccuz-acy of the choice of this effective cross-section. The
paximm error in determining N at the expense of the uncer-—
tainty of the choice of Seﬁ does not exceed a fector of
2 to 3 for 02 and N, and for atomic oxygen it
amounts to about 20 per cent since for 0’2 and NQ the
absorption effective cron-section

Eﬂ 2613-2./2 -y
( where 6, is the 8b801‘pt10n cross-section of the compo-
nent under consideration for radiation with the wavelength



A ., J.p is the intensity of the solar rediatiom
with the wavelength A in the upper atmosphere) differs
froa &,, @i G,,, within the limits of the
spectral subranges under consideration not more then by a
" fector of 2 to 3 while fnrl 0 - not more than by 20 per cent.
Since, as evident from Pigwe 2, for altitudes higher

than 120 km there toock place the absorptianonlymm
' spectral subranges it was possible to determine the comsemt—
rations of only two components of the neutral atmosphere
for these lieights. ﬂzérefofe neutral molecules were regar-
ded as one componant with tho effective cross-section

| Gege =2 Gjn; /n,
where 6} ° is the sbsorption effective cross-gsection of
the j-th compopent in the spectral interval under conside—
ration, hj is the ‘concentration of the j-th component,
: "'"(Ui)"’ﬂ(Nz)-

According to the da:!:g available on .the con'position of the
neutral components, the ratic of the N, amd 0, den-
‘sities varies at heights of 120 to 300 km from 4 to 10

{7, 9] . T™he absorption effective cross-section for the
sum of N, and OQ varies not more than by
10 per cent. Thus the total 0, end N, comncent-
ration is determined rather well.

, " The n values calcuiabed for bheights of 400 to

' 150 im varied from 10° to 10'7 cx” respectively.
Possessing the helght variations in the density

and spproximating individual sections of this height

distribution by the exponent it is feasible to determine

the scale height H . . If one knows the average msss of

A\
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neutral particles W it is possible to determine their
tenperm TQ corresponding to the atmosphere composition
assymed above . Pigure 3 shows T9 values obtained for
Septenber 20 and October 1 ( T9 for the ascent and descenmt
of the rockets coinc:lda). It is seen that at heights of 200
to 400 kn the temperature increases from about 600 K to
about 1100 K, above %00 km the shmsphere is practically
‘isothermal.

It ﬁ_aa mentioned above, that photucn?ren{:s due to 4
radiation of spectral regioms I-~700 -910 i, II- ~910-
1050 & and IIT-A>1050 & near the rocket's trajectory
apex are related as 12,5:21:66,5 . Using the kmown values of
the platinum quantum yield [10] ema i@oring the ultra-
violet absorption at large heights, the absolute values of
solar radiation fluxes @  have been determined in the

above three spectral subrangess QI = 0,6 erg cm'zaec"1.

q)i = 1 erg cn’agec’f‘, Qi = 2,6 erg cn2sec™ . Compari-

sons of the obtained values of the fluxes with the results
of measurements performed by Hinteregger [7, 11] have
shown that they coincide within a factor of 1,5, i.e. essan-
tially within the limits of the uncertainty of the plactinul
quantum yield. From the results of measuring the ultraviolet
solar radiation absorption and from the calculated n
values the ion productirn rate q has been found sinilarly
a8 it was done in [12] . The use of the ratio valid for
nonochronatic radiation is quite justifiable since for

A < 950 1 the quantum yield for platinum does not depend

on the wavelength and for the region A = 1100-950 i the
average value of the quantum yield differs from the maximum
and minimun ones not more than by a factor of 1,2 [10] .

8
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The curve of the relative values aof ((h) obtained for
September 20 is shown in Figure 4. The upper portion of the
_curve is due to the radiation of about 700 to 910 A and the
lower portion is due to the radiation of about 910 to 1050 A.
Our Q(h) curve differs from the curves obtained for the
total spectrum [?, 12, 13] by the presence of a sharp mini-

mun in the Tange of 140 to 190 km. Tt may be assumed that
. this minimum is accounted for by the fact that while plotting
the graphs we did not take into account the c;ontriﬁuticn of
radiation with A < 650 & for which, according to calcu-
lations performed by Watanabe and Hinteregger [12] , the
maximun of the ion production rate durmg this time of the
day carresponds to the above mentioned heights. The obtained
g,(h) are in good agreement for the spectral subranges
under consideration with the data calculated by Ivanov—
Eholodny, Hinteregger and Watanabe [12, 13] , and with
the’ experiinental data of the Hinteregger group that per-
formed spectral measurements up to heights of 235 km [7].
‘While comparing the obtained values of the ion production
rates for heights above 250 km with the theoretical calcu- 7
lations v[1‘2, 13] one may conclude that at these heights the
ionization is mainly caused by radiation of about 700 to
910 A. |

At heights below 120 km the ion production rate at the
- expense of radiation . A > 1050 1 has turned out to be
1072 cn™> sec™1. - » »

The 6btained_ height dependecies of the ion production
rate have been conipar_ed with the values of the electron
density. Figure 4 gives also the curve of relative values

10
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of ng normalized, like q valnas, to the maximm
valus, As evident from the figure, the h, maxisum lies
25 km above the ¢ maximm. The fall in the Ng(h) curve
above the main icpization maximuam takes place more slowly
than the fall of the q(h) curve. It should be noted
.

that ths radiaticn in the regicn A < 650 A which was

not teken into sccount has a little effect on the poaition
' of the main maxiwus of the q(h) curve. However, the fall
of the q(h) curve sbove the marimm apparently would have
bean less sharp if absorption of this spectrel regiom had
besn taken into account. The fact that the nemu

situated above the qm attests to a decrease in the
effective recombination coefficient with height. If «t
beight interval 200-230 k= OLgee % 4 /Ng  , tham, from
the difference in heights corresponding to the "Emu:r.

and 9 max i1t followa that the effective recombination
coefficient at these heights dscreases approximately by a
factor of 2. This conclusion about tha decrease of the
effective recombination coefficient at these heights is
also in agreement with the form of ths height T,
distribution since the increase in the electron temperature
{ wee Figure 71 ) should apparently bs accompanied by tha
decrease in the effective recombination coefficient [14] .

Fear 130 ks the q(h) curve has a second maximum,

On the n, curve the second maximus is alsc observed
although at a height of about 115 km. This noncoincidence
seems to be caused by the increase in the effective recombi-
nation coefficient” with height in this height region. The
discrepancies of the secopd maxima of thess curves at low
altitudss could not be caussd by the fact that the radiation

12



with A < 650 A was not taken into sccount since, sceor~
ding to the data calculated by Watanabe and Hinteregger, the
rediation with A < 650 A should only have raised the
height of the position of the second mexizuw on the {(h) curve,
4.e. it ahould have increased the discrepancy of heights

e max md Qe [12] . Paking into account
that  oLpee ~ q/ng 1t follows from the observed ratioc
between the heights Heu: and qm: that in the
region of 100 té 140 Im the effective recombination coaffi-
cient increases appm:d.l;auly by a factor of 2. Thus in the
range of 120 to 200 km A break 1s observed which could have
been sxpected from theoretical considerations [15] . A de-
tailed change of the effective coefficient in the height
range of 100 to POO km could not be safely detersined since
the trus values of { at these heightd are unknown. The
estimate of the values of the effective recombination
cosfficient in the helight range of 100 to 200 km following
from squations of lconization balance for these heighta:

dne _ o 2
T 8 e e

varies from 2.10%06:10 %cn " sec™?

has shown that aeﬁ“'
reapectively. In these sstimates the dn, /dt snd

n', values were taken from tha our experimental data for
the ascent and descent of the rocket,

_ Por heights of 200 to 400 km the calculation of the
effective recombination coefficisnt has been performed, In
the squation of ionization balence for these heights
-E-E-'- = G~ flogs e~ div (n, ¥)

the term dn,/dt was squated to zero since within the accu-
racy of determining the electron density in our expsriment

13



the difference of n, values at the ascent and descent of
the rocket at identical heights in the interval of 200 te
400 km was practically zero, Figure 5 shows the values of
Peff calculated in assumption that-  div(n, -I}) is
equal to zero ( curve 1 ). Besides, the values of Pe;ff
have been calculated assuming that the term div(n,¥) is
determined only by vertical diffusion according to the .

éxpression d’ 3 d"e Ne
| div (ne ) = snl\Gw * 7w an * o)

were N is the collisim frequency, I is magnetic

inclination, and that 'this'equation of diffusion is valid up

to heights of about 400 km (curve 2), Curve 3 in this figure

corresponds to the values of the effective recombination

coefficient calculated according to the expression [14] z
Pegs =6,810 ezp(m 1Y sec!.

See
At large heights the obtained experimental values of the

recombination coefficient are in good agreement with theore-
tical ones, Below 300 km they begin to disagree considerably.
This disagreement .can be caused by the term of motion in the
equation of ionization balance which was ohitéd in our consi- -
deration. The maximum difference between the theoretical amd
experimental curves is observed at heights of about 230 km,
i.e., near the electron dinsity maximum, whicﬁ allows ome fo
think that precisely here in the equation of ionizatiom ba-.
lance the influence of the term of the chatged particle moti-
on is especially notice.\a‘ole. Prom the difference of the theore- /
tical and experimental curves the contribution of the term of

notion in the equafion of ionization balance was evaluated:
for the height h =400 km div{a)¥0ca 7sec™, for  h =200 kn

14
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div(ne¥)~ 10%cn™>sec ™",

From the experimental valﬁes of the electron density
Ne and the temperature Tp and the calculated values of
the neutral gas temperatﬁre the estimate of the heat in-
flow has beed made at heights above 200 km (see Fig. 6). Onl;
elastic collisions with atomic oxygen ions have been consi-
* dered [16] . The heat flow responsible for the observed dif-
ference in temperatures at heights of about 200 km has turned
out to be equal approximately to 200 ev emJsec™! ana appro-

ximately to 10 ev cm'Bseq‘1

at 400 km, The character of the
height dependence Q (h) coincides with other experimental
daté, for instance, those by Evans [17] , although our-abso-
lute values of @  are somewhat lower. This is accounted
for by the high values of T, s which seem to be due to the
time of the experihent. .

As it has been shown at heights of 200 to 400 km, mainly
the radiation in the region of about 700 to 910 i is absorbed
for which the average photoh energy is about 15,5 ev, Since
at these heights the main component of the atmosphere is re-
presented by atomic oxygen whose ionization potentiél is about
13.6 ev, the aversge energy of photoelectrons produced at
these heights turnes out to be of the order of 2 ev. This does
not contradict to theoretical calculations [18]. After calcu-
- lation of the total energy flux of‘photoelectr;ﬁé on the ba-
sis of these4dat§ it has been possible to evaluate the porti~
on of photoelectron kinetic energy going into\the heating of
the electron gas‘at these heighta {see Fig.6).

Thus the simultaneous rocket experiments performed in

1965 have made ifjpossible to obtain the height diétributions

16
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of the ionospheric main parameters : Ng(h) , q(h) ,
Te(h) , solar ultraviolet_fadiation fluxes and absorpti-
on of this radiation‘in the atmosphere (with above mentioned(
limitations). A comparison of the obtained data has allowed
us to evaluate the heat inflow Q(h) , the effective recombi«

nation coefficient and other parameters,

18
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