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ABSTRACT 

From rocket and ground-based measurements during flights 

of"Vertica.l-3" and "Vertical-4" geophysical rockets in 1975 and 

1976, electron density and collision frequency profiles have been 

obtained. Neutral particles concentrations of O, o2 anl N2 have 

been determined too. 

It is shown, that photo chemical theory of the ionosphere 

formation based on modern conceptions of its constants and on 

processes in which excited ions are present, explain satisfacto­

ry height changes of electron concentration observed below F-re­

gion maximum. 



I. Introduction · 

Simultaneous complex · measurements of basic paramete~s 

hejght distribution of the upper atmosphere made when rockets 

ere laUnched give valuable information required for solving 

problems of the ionosphere physics and updating processing and 

interpre·~e.tion procedures of experimental date.. One of the mo­

dern p't'oblemE:, that of building a theoretical model of the at ... 

mosphe!•e, needs a question to be solved of whether constants 

of photochemical processes measured in laboratory can be appli- · 

ed to real conditions in the upper atmosphere. 

Given below are the results of simultaneous measurements 

ol:.' the neutral composition 012 , o2 , 0), electron density n.e and 

the effective electron collision frequency Ve • Experiments 

were carried out according to the rocket studies of the upper 

atmosphere program, begun in 1965 ( 1-4 J . The VERTICAL rockets 

were launched at mid-latitudes in the European part of the USSR, 

on September 2, 1975 (for the Sun1 s zenith angle ~ • 67°, 

10,7 em- solar radio radiation flux F10•7 = ~-~~ . ·1o-22 W·m-2 .Hz-~ 
VERTICAL-3) and on October 14, 1976 ( X = 63°, P10•7 • 

= 73•10-22 w·m-2 .Hz-1 , VERTICAL-4). 

The data obtained were used to up-data the information on 

the ionization processes in the lower F-region, and to check 

the now used photochemical theory and the assumed constants of 

the processes. 
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· 2.- Results of measurements 

2~ 1, ne (h) and "Ve -(h)-profiles 

n,(h) ~ profiles were measured by.a rocket dispersion 

~diointerferometer (frequeneiea 144 and 48 ~lliz) and a ground­

based iQP-OSOPd ~COrding ,separately Q and ~"components Of 

ionog~ams9 The mea.su:rement~l p:roo.edul:'e was given in [ 4 J toge­

th~r witb ·ne(h) pr~files for 2,09.1975. On October 14, 1976 

ground~ba6ed measurements gave ~he ne(h)~profile from 6J km and 

up to the :F-:region maximum, rocket measurements for the range 

a2 .to 1JOO 1on. 

~he accu~aey of ro~ket measurements of ne(h) in the upp­

er pa~t of the rocket t~jeetory depends on the ionJspherical 
. • l JYe. () ( k. h I h 

non.,.stationarity ,r~ •1t =at J n.e( )~ _, where 
t1 Ne ia the total content of electrons (5 J • The error in ne 

measurements exceeded 10% at heights of h > 600 km fo r October 

14. 1976. TO tal~e into account the contribution from the iono-
• 

spherical non-stationarity Pe·~ Ne was assumed, at each fixed 

}leight. Then for any height j(e (h.) = LN'e< h..)/ J(~ ( hrna)C>].f<e< h.tnJ, 
wheN . .ire ( h..m4~) :: 1.5•109 cm-2s-1 is the ;i.nstability in 

the p~a~ of the ~Q~et trajectory oalcul~te~ from our measure-

mentso 

Fig, 1 snows th~ results of rocket measurements of elect­

ron de.nsi~Y t\e on OotQber 14, 1976, The fe~ture of the ne(h)­

·~prQfile is the two ~t~ata recorded by the ionosond in the E-re· 

giori, The height corresponding to the ~imum electron conoent­

·rationSl ·~a.xF is 226 krn. 

The n~(h)' profil@ from ground-based measurements was cal­

culated as follows, Th~ ne(h)-distribution in D- and the base 

of E .... region was assumed e~ponential n@_{b) = iOO ,c exp ((h-ho)/H]. 
The ecale height H and the initial heignt in the ionosphere h

0 
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were at 0-traee of the ionogram, taking into account radiowaves 

absorption measured at 2e00 MHz [6] o In E- and F-regions the 

method of least squares was used to calculate the ne(h)-profile 

for both the ionogram components. 

Figc _1 _ gives the r~sults of calculations for October 14, 

1976. Maximum dis t?re pa...'1cy of ne -values from rocket and ground"'\ 

:based data -is 12%. This difference ca.."l be caused both by non­

simultaneous rocket and grOund-based measurements and by hori­

zontal gradients of ne in the ionosphere. The ~ F-value celt 
\ 

culated from the ionograms is 6 km lower t~an that from-rocket 

measurement so 

The procedure of de'f!ermining V e (h)-profile from the _ 

ground-based measurements of the radiowave absorption frequency 

dependence L(f) and the rocket-measured ne(h)-profile is given 

in ( 4] tog'1ther with the i e (h)-profile for September 2, 1975. 

In the experiment of October 14, 1976 polarization measurements 

of L(f) were carried out at 8 frequencies in the range 2.00 to 

4o25 MHz and the amplitudes of pulses received were averaged 

over the frequency range (7] . It allowed, for the experiment 

considered» the period over which signa~s were ~veraged to be 

reduced down to 15 min and the maximum error for the profile 

down to 20%, V e (h)-profile and error limits are shown in Fig.2. 

2o2oNeutral composition 

The density and composition of neutral particles N2 , o2 
and 0 were determined from height dependences of the spectral 

intensity of solar UV-radi~tion recorded by a photoelectron ana• 

lyzer on-board the rocket in six wavelength ranges: I -~~6oo.R, 

II --.600 to 900R, III- goo · to 11ooR; IV- 1100 to -1350R; v-
- 1350 to 1500.f;--VI - A > _ 1550.R. The measurements! procedure 

and instrumentation are described in [ 8] • 
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. Fig. 3 shows the (N
2
1 , [o2] and (o] profiles obtained. On 

September 2, · 1975 the results were obtained for the rocket as­

cent (heights h>150 km) and on October 14, 1976 for the rocket 

descent (heights, h > 120 km). For comparison Fig. 3 gives also 

height- dependences of neutral particles, ·according to Jaccia's 

71;_model [ 9] . Good agreement should be mentioned between the 

me.asured and mode: profiles, excluding the [ o2] data in the 

2.09.75 experiment . The latter is obviously due to the effect 

of the running rocket engine on _the medium. The experimental 

c9nditions on-September 2, 1975 did not yield data on the des­

cending branch of the trajectory, hence density data from the 

model .' were used fOl." o2 above 150 km and for all pa:..;ticles be­

iow ·150 lon r 9 ] • 

J. Aeronomic calculati~ns 

It was assumed for aeronomic processes below hmaxF that 

the major source of N~, I~+, 0~ and o+ ions is the direct iord.· 

zation of neutral gas by solar UV-radiation. Table I summarize::: 

chemical reactions of ion generation and their further trans­

formation. 

Vibrational temperature was taken equal to that of neutral 

gas [ 21] - [ 23] • The densities of (N] and (No] not calculat­

ed· in our experiments were taken from ( 24] • Transfer p·rocesse s 

were not taken into acco11nt, equilibrium conditions were assum-

ed .since in the day time the contribution from diffusion trans­

_fer at · the heights considered was much less than that from di-

rect ionization and recombination processesa 

The values of ion prOduc·tion rate were obtained from the 

experimental data about the neutral composition and intensity 

of UV-radiatiori for A:>400.R. For,A~400.R Hinteregger's data for 

low solar activities were used ( 25] • In the given paper Te-da t' 
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from the experiment of September 2, 1975 were used for both cas­

es [26] since _the final experimental Te-values for VERTICAL-4 

have not been obtained unti-l the' calculations under discus~ions, 

while the Sun's zenith angles and F10•7 flux~s are close in 

both experiments. 
' I_n these approximations equations for ion concentrations 

[ o+(1. P)J, [ o+(1.. ])], [ o+ (lc 5)J ,c.N•], r N; J, co; ]t [.No+], 
were obtained (see Table I). These equations at quasi-nGut_rali­

+ 
ty condition ~ (XL. ] = (e J form a 

c.. 
which can be solved for ion [ ~ +] 
ties by using iteration procedure. 

system of non-linear equations 

and electron [e] = t'le densi-

Fig. 1 and 4 show the electron density calculated values, 

the fig. 4 snows the ion composition also. 

Thus obtained distributions of (N2 ]-, [ 02] , [ 0] and ne 

were used for.gas-kinetic calculations of ve(h)-profiles . The 

number of electron-ion collisions was determined by method [27]. 

TLe rate of electron collisions with neutrals was derived from 

t2a]. Fig. 2 is the V e(h)-profile ·calculated for October 14, 
1976. 

4. Discussion 

Coincidence of ne(h)-profiles directly measured and based 

on the aeronomic calculations can be a criterion of whether the 

~cheme of photocherncal processes responsible for the lower F­

region forma~ion, used in the paper is adequate. Fig. 1 and 4 
•· 

also show profiles for October 14; 1976 and September 2, 1975 . 

ne(h)-curves in Fig. 1 (14.10.1976) show that there is a good 

agreement of theoretical and experimental data . (errors less than 

15%) in the height range 130-220 km. For h<.130 km the discre-

pancy is somewhat larger and can be explained by inaccuracies 

in the assumed concentrations of minor components N and NO (see 
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reactions 16, 17, Table I). 

For the experiment car~ied out on September 2, 1975 the 

discrepancy between the theoretical and measured electron con­

centrations does not exceed 10% while it grows up to 35% below 

130 km which can be attributed to inaccuracies both in the 

Te (h)-profile used and in the assumed concentrationn of miner 

components. Inaccuracy in Te_$h) over the range 120 to 130 km 

can be _revealed by comparison of gas-kinetic and experimental 

value.s of ~e (see Fig. 2). If over the height range 120 to 130 
. . 0 
km Te values are taken to be 250 K higher than those we got from 

(2·6] , the measured and calculated values of ~e may fit well to 

an accuracy of 10% and the rocket and theoretical p ..... ofilos of 

ne (h) can be made fully coincident within this ranee. Above 130 

~~ ag~ement between both experimental and calculated vc.luc::: of 

ne and ~e cannot be obtained due to Te changings. Here expe­

rimental values of Ve are higher than gas-kinetic [<.m1 for h 160km 

the iiscrepancy is of an order .of magnitude. 'i'he observed. dis­

crepancy was earlier recorded [ 4,29-31 J . 
Conclusions 

1. By way ~f comparison of the data which have been obtain­

ed simultaneously in ground-based and rocket experiments and cha­

rac~erize both the ionized and neutral components of the upper 

.atmosphere, it was shown that the dayside ionosphere below the 

F-region maximum could be fairly well described by the adopted 

photochemical model. 

2. The values of density ne' obtained on photochemical cal­

_culations essentially depend on the temperature coefficients of 

..ua.jor aeronomic processes was shown for heights h~ 130 km. 

3. The using of measured ne(h)-profiles and data on neutral 

components allows to make more accurate gas-kinetic calculationL 
-~_?._f -~~-~~!r_~---~q_:p.t ~-i Ql). .. fre.quency ----Ve---•.. 
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Table 1 

.NJI Reaction rate 
. Reference ~ Reaction 

coefficient*) I . - I , ... ·--·-- - . , . 

',! 

I 

I 
i 

. .. . . 
1 o-r t)) - o+('-p) + e Q2lJto [ 10] 
2 o + v -1> o+(2i)) +e · q4 Oy·o [10] . 
3 0 + v --? 0+( 45) + e q4<yo [10] 
L, a + r,v~o+ +e [ f1] CJto:z. -s N~+'hv~N~ Te [11] Cf,J2. 
6 . N 2 t h ..J _, N~ + N + e · 0,1tyiJ [12]. 
7 N +hv --1> N-r ... r e Cfo ~ [ 12] 
8 o+(2P) ~ OTC:!:O) ·rh~ 0318 $tc~f· [ 13] . 

I 8 9 o+(2fl)+e -? orC1S) +e J O~o 10- CH3St.t.-l {. ttl] I 
(0 otc"sJ +02 __,.o; + o 2.,0 "10 .. 11~ ( T,) [IS] 

o·rc"s) + N2 .....,. ND-r+N [ 16] ' 11 - ~(Tv, Tn) . I 
12 0+(2~) + 0/}.-+ o: + 0 . 2

1
0 -;.10· 1~m.3secr-1 [1'"1] I 

0+(21)) + N~-+ N: T 0 . ~0 )( 10.9Chl3tec.-f [ 18.] 
j 13 

o+(2P) +o2~o;+o •10 3 ( 
[1?] 114 2,0 1- 10 em sec. .. i 

Ot(2P) +N2 ~ N2
++0 tO ,c 10 .. 9cm3:~~:r.:·'~ L 18] 15 I 

• fO J ·I ! 

16 o; + N -or NO+ +0 ~8 ~< tO Chi -set [ 19] 
f7 o; +No ~No++o2 ~5 ;c 10·t~m3sec·t [15] 

N2+ + 0 ~NO.,.+ N •f() 
[20] 18 ~a "~-1o 'fa r T,) 

19 N+ +0 ~ o+ +N ~·o ;e t0 .. 11 '/'lf ( Tn) [20] 2 + 2 
20 N; .,. Oz ___, 0 2 + N 2 '-1,2 t./0 -f1 fs ( Tn) [ 15] 
21 N+ + 0 -PO' o+ + N 3,6J( 10-10'/6 { Tn) [15] ~ . .2 

22 Nr + 02 ~ NO++O •f() [15] . 2,t1 t.fo y1 ( rnJ 
23 NO++ e -iJ' N +0 "'5 i'f0-~(.500/Te) [12 ] 
2Lf 0~ +e ~ 0 + 0 2,2 )t 10-?(300/Te) [ 12] 
25 Ni +e ~ N+ N 2,?" 10-?(~00/Te)q? [ 12] 

... 
·c • 

q - ion production rate, 

T· - neutral gas temperature, n . 

Tv- vibrational temperature, . 

T8 - electron temperature. 
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