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Absoxytion of UltravioletSolar Radiation -in t he 

Upper Atmosphere Near _ the Main Ionization Maximum 

According to Measurements of PhotoemisSion by Means 

of an Earth's Satellite 

by B.N.Gorozhankin, K.I.Gringauz, N.M.Shutte 

The bulk of experiments aboard the Cosmos 2 satellite 

(1962) Vlere devoted to investiga"tions of the electron and 

ionic components of ionospheric plasma L-1, 2, ~_7. The 

present communic_ation _summarizes the results of determin-

ing integral absorptio~ of solar short-wave radiation near 

the main ionization maximum from this satellite. Absorption 

of solar radiation was determined from measurements of pho

toelectron currents emitted by planar metallic photocathodes 

of three photoelectron analyzers. To study the distribution 

of photoelectrons by velocity components normal to the sur

faces of the photocathodes a method of retarding potentials 

was used in a wa:y similar to L-4_7. In the present paper the 

use vias made only of data referring to the v~ues of satura

tion photoeurrents, that is, currents corresponding to the 

zero values of .retarding potentials or to positive potentials. 

_The photoelectron analyzers were mounted on the satellite 

surface in such a way that normals to the photocathodes con

stituted three mutually perpendicular directions. Let us re

mind that the satellite wns not oriented and had the orbit 



incli-ned to the eqUatorial plane at the angle of ..... 49 degrees,' 

with apogee of "'1550 loo and perigee of ""'212 km. · 

Since the magnitude of photocurrent is proportional to 

the . intensity of radiation by which it is caused, one can 

use the values of · photocurreri.ts for determining absorption 

of solar radiation. Measurelllents of photocurrents on . the 

sateliite were performed in the altitude' i'D.D.ge from ""550 km 

.to -220 km. Since photoemission of electrons from the sur

face of. metals can be caused by electromagnetic waves with 
0 ~ 

wavelengths .a~ · .a0 ~ 2000 A , the absorption coefficients 

gi yen below characterize integral absorption of the extire · 
·' • 
port~on of the solar radiation spectrum with .a sa .l.o. 

Apparently saturation photocurrents varied primarily 

due to changes of orientation of each analyzer with respect 

to the Sun. The minimal rotation peripd of the Cosmos 2 sa-

,tellite /,.-3_7 was approximately two minutes _while the period 

of analyzing voltage variations was· -1 sec. Hence the change, 

of satellite's orientation during one period of voltage varia

tion did not influence the measured magnitude of saturation 

current. As far asthere were three analyzers s;ituated as men

tioned above, at some dependences · of photoemission current 

on the incidence angle of solar radiation onto the photoca..;. 

thode on~ can dete·rmine without knowing these angles the · 
·-

magnitude of photocurrent .corresponding to normal incidence 

of radiation onto the photocathode for those time instants 

when currents in all three analyzers differ from zero~ 

The determination of angu~ar dependence of' photocurrent 
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under laboratory conditionS is difficult due to complexity 

of obtaining wide . parallel bunChes_ . of. ultraviolet radiation . 

similar -to· those which give rise to the photoemission of . . - . . . 

electrons · under ac~ai .conditio~. Therefore depe-ndence of 

the analyzer's photocurrent on the radiation incidenCe angle 

ql was obtained with accuracy up to a few degrees on the . · 

basis of studies of saturation currents variations at the 

p()rti~n of one of the satellite's orbits (see Fig.1). In . 

this time .·interval the satellite's rotation .was such that 
. . . 

for a great period of time one of the analyzers was near 

the boundary of the satellite's optical shadow while illu- .· 

mination intervals of the two others were almost _ equal and •. 

corresponded to the analyzer's angular ape~ture. Thus it was 

possible to asstime that the rJ~aximal values ofphot~cur~nts 

of the two analyzers took place at the moments of coincidence 

of the normals to their photocathodes with the : direction of 

the Sun. Th~ dependence of the analyzer's saturation photo ... 

current on the incidence angle of solar radiation found by · 
. . . . .· 

help of Fig.1 is.shown in;Fig.2. For the sake of comparison, · 

vaiues of ~os <9 and cos2 . ., are also given in Fig.2: It 

is seen fro~ the graph that for <9 < 50° the obtained 

dependence ·can be. approximated by the cos · <9 . function and 

for ql > 50° by. the cos2 <9 function. The approximation of 

this · dependen~e to the cos2 cp : function at . <9:>"50° is due, • · 

to the fact that at . I.P > 50° the sunlit photoemitter's area 

begins to decrease owing to the design peculiarities of the 

analyzer • .. 

. ~- 3 -· 



. 2 . 
Since for <p < 77° we have cos. <p · < f(cp)c:.cos ~ and for · 

<p > 77° we have .f ( <p) <- cos2 <p , then taking into account 

these inequalities the dependence cos2 <p . was chosen as an 

approximating function. Following from this, estimate was made 

· of the values or saturation. photocur~ents Isn corresponding 

to normal incidence of solar radiation orto the photocathode. 

For comparison similar calculations were performed using the 

dependence cos <p as an approximating function. The spread 
~ 

of the I sn . values obtained turned out to be grea1;er than 

:f.n the first case. Besides, in some cases, photocurrent of 

one of the sensors exceeded the calculated value Isn from 

the data of_ three sensors. Therefore processing was performed 

for the approximating cos2 ~ function. 

Thus for the· instants when all phree analyzers were illu

minated (and this occurred often enough)there was an opportu

nity of restoring the values of saturation photocurrents 

corresponding to ·normal incidence of solar radiation onto th~ 

photocathode.It should be noted that materials of the photo

cathodes of the analyzers w~re· different (tw? of them were made 

of platinum and the third one of nickel). However; since the 

quantum yield of these metals in the far ultraviolet region 

i s appr oximately equal L-5 J, comparison of photocurrents. of 

t hree such analyzers is quite justifiable. The values of pho

tocurrents given in Fig.1 cor;respond to two different photo-

cathodes ( No.1 - N1 , No.2 and No.3 - Pt ). As is evident, 

photoemission of analyzers ·Uo.1 and no •2 was practically iden

tical . Fig. 3 gives changes in Isn values at the portion of 
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As is evident, 
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the satellite's orbit on April 8, 1962, at which the alti• 

tude . varied from ·220 km to 500 lon. S~ilar depeadenoeti . · were 

obtained on other ~s too. 

The decrease in photocurrent I,n with the satellite's 

plunging into the depth of the ionosphere, that is, with the 

decrease of height over the Earth, i,s apparent~ clue to 

absorption of solar radiation causing photoem~sion of elec

trons. However, it should be t~en .tnto ·account that, eimul ... 

taneously .with the decrease of the satellite's height above 

the Barth, the Sun's elevation over the satellite's horizon 

also varied. Due to this, the obse.rved change i%2. photoemis.,;. 

sion to a considerable extent w~ caused by the increase of 
. .. 

the distance e passed by solar radiation in the atmosphere 
. . . . . 

as the satellite plunged into ~he lower l~e~s of the. a~o-

sphere. The e . value counted from the maximu.J. height h mo;; 

of the satellite over the Earth at the orbit portion being 

considered,. (see Fig.4) was determined from the known orbital 

data as 

t--s~n Qt8 (RE +h.,;az )+J(Rt + hm®S+(R,.-i- h icoa2 «,' 

where o:e- the Sun•s elevation fmgle over the satellite's 

llorizon, 

RE - the Earth's radius, 

h ~ the current height of the satellite over t~e 

Earth. 

Due to the fact that beginning from h =290 ltm ~. 

acquires negative values (this means that .at lower heights 

... 5. - · 



. solar radiation passes some height range twice), anSJ.ysis 

o:f the change in solar radiation · absorption was limited to .· 

· .. li:l.titudes from 300 to 500 kDi. lt .one ignores the geographic 

and · di:u.rnal variations of the uppe~ tltniosplleric density in 

the height :tfange under consideration, that is, if .one sup

poses. that ittsi.de each of s'lif.tidentl;r .thl.n spheric oonoe:n-
. . .. 

. ·. tric laj!Oirs into whioh the atmospheric region under conside-

ration can .be stratified·, the ability of absorbing solar 
~ 

radia,tion .. during the passage of the corresponding height in-

.terval' by the satellite · remainS invariable, ani:l if one regards 

absorption above the height range under consideration as being 
~ . . . . . . . . 

absent, an opportunity appears to determine the height varia-. 
tion of the absorption coeffiCient of short..;wave solar radia~ 

- tion out of available e:Xper:Lmental. data presented in Fig.3. 

If one uses .this supposition, then for each homogeneous 

spheric layer with thickness Ahi the_ relation 

dl=-~- Id.i ·. ~ . 

is valid; that. is, . 

where 

t D lo 
XL=- fin-. . . . h .1 '- . ' 

aci. - the absorption coef:t:icient, . 

10 - photocurrent at the height hL +Aht, 

I -: photoc:urrent at the height hL, 

lL - the length of .the ray passing in the layer .!\hLthick. 

To. caleulate tile dependence _ oae(h) the AhL value was taken 

·· equal to 10 km. Tlie t~ value was Q&te:r:mined as 
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t~ ... esc O'ei.H[ Re+ h~+Ah~-(RE+ h~,)cos(<Xe~H- CX8l.)J, 

where cxe£+
1 

- the Sun's elevation angle fo~ a given ray 

at the height hi.+ Ah~ , . CC.eL is the sam.e at the 

height hL . ,. 
. RE+h . 

COS O'ei. • --- COS cr., 
· RE+ hi. . · 

. The found · dependence a(h) is presented in Fig. 5 

and corresponds to .a change of the satellite's ·latit\,lde fro:ti 

- ;s0 t o "'48° Northern Latitude and of loc8.1 time from 

-16 hours ·to """ 18 hours. Such small latitudinal variatio~s 

cannot introduce essential changes .into the height variations 

of t he ae value. The changes .of lo.cal time could give. rise· 

only to somewhat undereanmatea. X values at lower heights, 

because, as it has been sho~ in L-6J, the density of neutral 
-~ . 

particles at heights under consideration could decrease during ' 

the t ime interval from 16 hours to 18 hours. by a ratio -1 ,5. 

Using the known values of neutral particle concentration in 
0 

the height range from 300 to 500 lan (see L-7J ) one can con- .. 

elude that .average cross.,.,sec:bion of absorption of . radiation 
. 0 . • . 

with ~ < _2000 A at th~se altitudes varies little and amounts 

to ....., (o-,5-+ 2,o)•10"'":1? cm2 • · . 

Thus , from the data about variations of photoeinission' of 

elect rons from metallic surfaces along the portion of the 

satellite's orbit corresponding to heights from 300 to 500 lan 

the height variation of the integral absorption . coefficient 

of short-wave . solar radiation have been computed. The. experi-

-7 - · 



· . ment has dl,me>~trated that although at these altitudes ·the 

. absocytion cqetticie~t iii! not high, at 9blique . incidence .ot . 

solar rrqs (tor instance' near sunset or sunrise) solar radi~ 

ti~ attenua:ti~n near the main ionization maximum is very 

· considerable. ThEt estimate ot absoriotion average. cross-section 
- ·. - . • ·. . . 

.· is close to the value· ot cross-section o'f solar radiation . . . . 
absorption . by atomic . oxygen tor th~ waV'ele:rigth range !rom 1000 

0 . . . 
to 200 .A. L-8J. Since the height range from 300· to 500 km 
. ; . . . .' ~ . . . . . . 0 . . 

· can be considered as a region ot -dominating photochemical 

~rocesses[g]~o~e can supl'ose that solar radiation absorption 

observed is caused to a consi~rable extent by photo ionization . 

of atomic o:xyge~. 
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Figure Captions 

Fig. 1 . Variations of photocurrents ~t the portion ot 

· one of the . satellite's orbits. 

Vig. 2 'Angular depe~dence of photocuri;ent f(cp). 

Fig. 3 ~aturation photocurrents at the portion of .. the 

satellite's orbit . on April 8, 1962~ 

Fig. 4 

Fig. 5 

~ 

.Scheme of motion of the Cosmos 2 satellite. 
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II 2: 
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