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COMPOSITION AND PROPERTIES OF THE STRATOSPEERE ARD JONOSFHERE

Prof I, A, Khvostikov

The histary of the study of the higher strata of the earth's atmosphere is
rich in remarkable discoveries and daring hypotheses which were later confirmed,
btut for a great many years seemed very remote from rractical affaira. Tt wma
thought, fr~ example, that stratcspheric processes were not important to weather
service. Butl some time ego, gsophysicists were called upon to ansver many ques
tions on the composition of the upper strata of the atmoupkere which proved ’m-
portant both for moteorology and for weather bursan purposes,

Soviet geophysics vas not taken by eurprise by this "sudden" demand, Even

15 years ago an energetic movement had started in this brancl of Soviet science ,
and soon owr scientists osoupied a praminent place smong the well-kmown strato-
spher'e sxplorers. Soviet scientiste have invented onmd applied the radiosonde,
which is now an important means of stratosphere study used in all countriss. in
1933, the "USSR" stratosphers balloon established a world record for utratosvhare
flight (19 kilometers); during the 71ight valuable experiments wers r-de. In
1934, the Camission for Stratosphere Study, Academy of Sciences UBSR, under di-
rection of Acsdemician 8. I. Vavilov, 1aid the groundwork for training highly
qualified stratosphere experts end for systematic development of scientific re-

. esroh. Av present Soviet geophysice zas achieved important remulta on funda.

. mental nhysical problexs of the stratosphere and ionosphere which are oftsn

ahsad of the achier:.sents of foreign solence.

Strntongtre

The existence of tbs mtratosphere long reuainsd a mystery which outesianding
scientists endeavored to explain. And, even though now muach of the theary on
. the origin of the stratosphere appears indisputable, the problem as a whole is
at1l) a long way froam being solved.

The invention of radiosonde mede it poseitle to maasure the air's tempera-
ture at altitudes of £5-30 kilometers. It appearsd that the temperature of the
atnoerhere even risee a little with increasing altitude, a“though very slightly.

-1- : USRI
cussiricanon CONFIBRMEIAT R °
ARSEY NR £ 11 .

e Sanitized opy Aproved or Release 2011/06/28 : CIA-RDP80-00809A000600220389-7 -



Py e N ik AR -

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600220389-7 {8

P

B CONEIDENTIAL 50X1-HUM}

The tropopsuce (sometlics called the subrtratogphere) vag also disceovered, This e B
intermediate zone between the troposphere aniithe stratosphere, sxtenda 1-3 kilo- :
meters, and has such distinctive tempera.ure conditions as temperatwre inversion.
The altitude of the tropopause (and therefore, the beginning of the stratosphere)
devends on the geographic latitude. Near the equatar it rises up to 16-18 kilo-
metors, near-ihe poles it is us low as 3-6 kilomsters, snd in the middle lati-
tudes it extends to 9~11 kilametexrs. Above the equator the stratosphers is wuch
colder (-70 to ~-80 degrees) than in the middle latitrdes {-45 to -55 degrees),
and above the poler regicns the stratosphere is warmest. The altitude of the
tropopause shows regilar seasonal changes. It 1s lowest in spring and highest in
autumn,

To explain temperature conditions in the stratosphers, certain factors were
studied which influence air tempersturs at high and low altitudes. A study vas
made. of atmospheric absorption of ultraviolet, viaidle, and infrared rays of the
sun, Iaboratories studied the &bsorption spectra for nitroger. oxygen, carbon
dioxide, water vapor, orone, and other gases In the air. Since these gpectra are
h . . . often related in e very complicated way to the gas pressure and tempsrature, they
s . scquire & different ampect at diffsrent atmospheric levele. Theoriste have de-
velopsd the mathematical thsory of radiation equilibrium amd other thermal atmo-'
epherio: processes. Thia intemsive scientific work continued steadily for 40 ysers
xith a variety of resulis, sume of them very importent, and & systematic theory
of the stratosphere hes been developed. Howsver, as ve shall see later, this
theory requires & grest deal of improvement.

Stratosphers Theory

Briefly, the present theory describes the troposphere as the region where .
the temperature is regulated mainly by turbulent movements of air, and the strato- e
sphere as the region whers an sxohange of the heat of radiation (radiation equi.- .
11brium) regulates temperature conditions. . .

The main source of the heat sntering the atmosphere is always the sun, but . \
) ' scmetimes this heat enters the atmosphere indirectly. The radiatior of the sun, )

the swface temperature of which ia around 6,000 degrees , contains the maximm
amount of eénergy in the vieible part of the spectrum; the curve of enorgy distri-
bution according to the spactrum reeches & maximm in the mreen, and in the ultra- :
violet and inirarel iegions the curve descends abruptly. But since Ghe carth's atmo- A .
sphers 1s transparent for rays of the visidle spectrum, the iwys reach the earth's i
surface almost without attenuation., The greater pari of these rays is absorbed : .
by the eerth's surface, or by the ocean, respectively, Only & small portion of . .
the rays is reflected (the sea reflests about 10 percent of the falling light,
the land from 3 to 25 percent, and the snow 50 to TO percent); all the rest is
absorbad, The sun’s raym give almost no heat to the air; they give nearly all
their heat to the earth. The main source of heat in the air 1s the earth's sur-
face vhish has becn warmed by ths sun's raye.

The earth, like any other heated object, radiates; but due to thy earth's
low temperature, its reradiation comsists only of infrared »ays. Thies radiation
is actively abscrbed by the air, whick has strong absarption zones in the infos-
. red rogion. Since the earth's muface in relatior tu the atmosphere muy be com-
. pared to a hot stove, the teuperature of the air decrcases with the increase of
altitude near the earth's surface, in the troposphere.

i : The temperature gradient caused by the abeorption of rerudiation from the [N
N earth is so considerable thet it creates powerful vertical movemsnis, equaliz- Ll »
) ing the temperature, due to the rising of warm afr fram below to the colaer up- AR :
per strata, The cooling-off process of the air with simultanecus expansi-m in e -
moving upvard causes the temperature gradient ot 6 degrees per kilomster, which :
' 18 charasteristic, un the average, for the troposphere.

The vertical air action ocours in the form of turbulent movements., Great
progress in the study of atmospheric turbulence has teen made through the work
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- of Academicier A. N. Kolmogorov and nia oupll, Professor A. M. Obikbov. Their. ' R
-7 research worlk, concentrated in the Geophysical Tnetitute of the Acedemy of Sci-
1 ~noes USSR, is far ahead of that of foreign authors apnd opens up new perspec-

‘i.".‘(&? on other fundumental problems of geophysics (the theory of precipitation,

etc.

Tn the stratosphere, as we knov, the temperature does not fall with a gain
in altitude, and therefore, there are mo vertical movements of air comparable
1p force to those in the tropospherc. In the gtratosphere the alr temperature
does not depend on Ite inter-mixing, tut is determsned by radiation eguilibrium.
Any volume of alr of & certain temperature, radistes ip all directions, the quan-
tity of the radiation inereaaing the higher the tempereture. At the seme time,
the ait abaorbs part of the radiated energy, pessing through 1t 4in the form of
peradiation from the earth's surface and radiation from all its swrrounding vol-
wmes of atmospheric air. If the rediated energy ie gredter than the abaorbed
I . suergy, the miven volume of air, constantly losing part of the inner energy,
‘o : codls. off; 1f the procédure is reversed, it 1s heated., A stable temperature in -
’ a state of equilitrlium 1s owe at which the loss of energy through radiation will
equal the inteks of energy through absorption. In the development of this theory
of radiation squilibrium, the mathematical works of Professor E. S. Kuznetsov in
the Geophysical Tnstitute of the Academy of Sclences USSR have been of great im-
poitance,  The methods of solving equations for transfer of radiated energy in 2
a1ffuslon and sbsorption medivm, worked out by the well-lmown Soviet agtrophysi-
ciat, V. A. Amrberteumysn, presidunt of the Academy of Sclences Armenian SSR, have
peen very successful., His work has besn awarded the Stalin prize. The perticl-
petion of astrophysicists in developing similar geophysical problems 1g not acol-
dental. The power and light coniGiéns in stellar atmospheres are being investi-
gated with the aid of & similar theory of radiation equilibrium.

. Therefore, in the troposphere the tw'bulent vertical movement of the air
acts as temperature regulator, whereas in the stratosphere the temperature 1is
regulated by rc&lation equilibrivm.

But why does a change in the temperature-regulating mechanish occur &t a
certain altitude - in the tropopsuse? Is 1t possihic to sxplain by the theory .
of radiation equilidrium the increase of air temperature with altitude in the
stratosphere, the decrease in altitude of the tropopause vhen approaching the
poles and 1ite higher altitude near the egwator? Why is the stratosphere coldest :
above the esgquator? As ve shall see later, these questions force us to seck rad- '
iocal improvemente in the oxisting theory. '

Water Vapor in the Stratoaphere

The ebecrption of radiated enercy hy the Aifferent gases of which tha ai»
is composed reveals one intereatin; fesbureqs Lhe amaller the quantity of a
certain gas in the atmosphere, the greater and more {mportant is ths abaorption
process. Lot us copaider the ~pproximate contert ty volume of five gases wvhich
are alvays pressnt in the air: nitrogen {77\, oxygen (20%), water vapor (2%),
carbon dioxide (0.02%), and ozone (0.006<°%), Bitrogen, ihe volume of which is il
four times greater than the total of the remaining gases, does not absorb ’elther EY: -
in the infrared, the visible, or the wltreaviolet zones), and has no influence on
erLergy precssses in the atmosphere. OxyRen absorbs radiation, but not excessively.
2bsorption of radiated energy by water vapor znd CO2 is very gtrong, and by ozone
1s exceedingly higa.

Ozcne is & remarkable gas and Ve shall have to pay particuiar attention to
1ts impartance in stratospheric processes, But the properties of ozcme have been
investigated only recently, and all through the development:of the gtratosphere
theory the principal signifioance has been ascribed to water vapor. One becams.

.- accustomed to the rols of vater vapor; 1t was trsated as a fetish. Although this
att{tude must be overcome soon by geophysiciste, there is no doubt that the im-
portance of water vapor is very great.
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Vater vapor, which hag sirong sbsorption zones in the jnfrared region of the st L e
gpectrum, obtains the. greatest quantlty of abaorbed energy through rerediation
from the earth. unis determines ite great influence on the heat balance of the ) “
troposphere, The founders of the theory of radiation egquilibriwm in the strato-
sphere proceoded from the assumption that the Tunction of wmter vapor is Just as
important and thet 1t represents the main absorbing element in the stratosphere.
Tt now eppears that this is not guite correct, that ths importance of water va-
por was overestimated end the importance of other gases underestimated.

fhe determination of the guantity of water vapor 1 the upper layers of the
troposphere and in the stratosphere was 80 aifficult that up to 1946 1t was not
possible to obtain rolisble data, The difficulties wers due to two reapons, At
1ow temperatures of the stratosphere the quantity of water vapor is very insig-
pificant, even in air wbich ie saturated by vapors (fractions o a milligram. per
cubic meter of air), and the vapor {taelf sasumes complex properties at such low
temperatures, which makes it very atfricult to measure its quantity, TL vas as-
sumed that in the upper isysra of the tropogphere water vapor approaches safura-
 tién. 1In the absence of definite data and Por the sake of agreement in tompera~
ture caloulations for ths. stratosphere, theoriste assumed that there is 80 much
water vapor in the stratosphere that 1t approaches saturation. :

Only in 1045-1946 waa it possidble to use sufficiently reliable methods for
measuring water vapor in the stratosphere, It appeared that there is consider-
ably leas water wupor in the ptratosphére than had been asmumed, and that the
‘tpansition from troposphere to stratosphere ig characterized by an abrupt de-
orease of the water vapor content. The gquantity of water vapor in thé strato-
sphere 18 entirely ingufficient to maintain, by ite shsorption of radiated en-
ergy, the temperature ve obaerve in that region.

! Lo Does this mean that the theory of radiation equilibrium as & temperature
‘ ‘ regulstor in the stratosphere 18 1nccrrect? No, that ie not so. Buv the par-
tioular importance of vater vapor must, apparently, be teansferred to another

olement of the alr - otone.

Ozone in tho Stratosphere

It has long been obgerved that the spestrum of the sun and of any star

breaks off in the ultraviolet ond at & certain point near the wave length 0.5 M)

At the same time there seemed no doudbt that the speotra of the . and the stars
must extend & great deal ferther in the direstion of short wave lengths., Xvery-
thing pointed to the fact that the earth's atmosphere is not transparent for

e . : such rays. However, the problem was complicated by the fact that not one of the

* : e T Joown atmospheric Jases absarbes the rays in question abd the wtmosphere must be

: transpsrent for them.

. : Further laboratory experiments a4sclosed that ozone has & strong absorption
o quality, beginning at the wave lergth J.3A~, But in wmeasuring the cuutent of
ozone it appeared that the air near the earth's surface contains only & rinimnl
gaantity of ozone (0.000001 poroent), so that the absorption of light by atmo-
spheric ozone cannot complecely out off the sun's spectrum near the zbove-men-
tioned vave leugth.

Bt is there, perhape, 8 mch greater quantity of ozons in the upper layers
7 the atmosphere?

The study cf the upger atmospheric strate bty indirect methods is an outatand -
ing achievement of contemporary geophysice. Academician V. G. Fesenkov, ploneer
in this f1314, pubiished a acientific work in 1915 showing that it was imponsible,
vy measuring the luminosity of the sky at twilight, to study the distribution of
density in the air up to a considerable altitude, 100-200 xilometers. In 1923,

V. G. Fesenkcv published the mathematical theory of the twilight method, During
the past years the tvilight method, which we shall describe furiher, has been
videly veed in the USSR ard in foreign countries. But soon after the twilight

N
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“hiethod, othorcytidal mebhods [or studying tle upper-suiata of the elmosphere were GRALERE e o M
developed, in connection with observation of meteors, luminosity of the sky by )
night, etc, :

It appearcd that ozons was contained, principally, in the upper layers of the
gtratosphere. The greaiest cione content is at an altitude of 22-25 kilometers;
abova and bzlovw that level the quantity of ozone decreases.

During every flight of a balloon into the stratosphers, carefu} Aessuremsnte

e were made to verify the distribution of ozone at high altitudes. AllL indirect

= ) momsurements in the stratosphers, the last of which wes made in 1947, have fully
: cor:firmed the above results,

Tt has been shown that the uliraviolet radiation of the sun, with & wave
length of 0,184 and shorter, aids the procesa of ozone formation. Here we encoun-
ter an important modern sclentific problem, the "sarth - sun” problem, The effects
of the sun on terrestrial phencmsna are varied. This is one of the great problems
of geophyoics and estrophysics, which is now the subject of extengive study.

It has recently been proved that ozone has such a strong absorption band in
the infrared region of the spectrum, near the wave-length 10, that in apite of
the fact that the totel quantity of ozone in the atmosphere is one fifty-thousandth
of the quantity of water vapor, the energy absorbed by ozone fram the reradistion
of the esith 1s only slightly lesa than the energy absorbed by water vapor. But
the differences in the vertical dlstribution of these two gases also determine
their diffsyent funmotions with regard to the temperature of the troposphere and
stratosphere, In the troposphers tkere is a great quantity of vapor, and not much
ogzone, 8o the function of ozone as compared to vater vapor is insignificant. How-
ever, the greater the altitude the less water vapor and the more ozone we find.

The tropopause, 1.e., the beginning of the siretosphere, must be the oritical zone,
wheres gquantity changes over into quality. The transition to the stratosphere 1s
sccampanied by a sudden decrease in quantity of water vapor and increase in quan-
tity of ozone, wo that in the stratosphere the function of principal temperature
regulator is taken over by ozone.

There are many ressons to usswme that this view vill influence further de-
velopment of the stratosphere theory, but beirg aew, it mst be verified and de- :
veloped. Vhat factors are in favor of thie opinion and vhat agpects of 1t mst . A
be carefully and critically studied? :

o e It ia not only a gquestion of a small Juantily of water vapor being present

) ’ i in the stratosphere, 3ince there is a great amount of water vapor in the tropo-
sphere, nearly all the earth's radiation of the wave lengths abaorbed by water
vapor remaine in the troposphere, and 1t reaches the astratospheric wvater vapor
only in a very reduced form. On the other hand, the earth's radiation of waves
of the length 1C#, vhich {s absorbed by ozone, passes freely through the tropo-
sphere and reaches the stratospheric ozome with almost undiminished force.

Tt 1s possible to calculate the balanced teuperature which one or the other
gas would have if it vere the only camponent of air in +he stratoephere, It ap- L
pears that in tho case of water vapar it is -80 to -8Y degrees, and for ozome, B o
-35 degrees, that is, 50 degrees higher, Therefure, “he higher the proportion of :
oscme to the quantity of water vapor in the air, the higher will pe the tempers-

ool turs of the air. Bu% this propuition in the stratosphere increases with altitude,
) and therefore the temperature risec also. The theory which did not take into ac- v
. count the function of ozone was unable to explain this basic Zact.
- It has been determined by opticel measurements that the gquantity of ozone in

the stratosphe-e depends on the geographic latitude and on the season of the year. :

Near the equator the quantity of ozone decreascs, near the poles i1t increases. D '
In epring, the quartity of ozone is greatsst; in the autvmn, leasi, If vwe take ) q
this irto consideration, 1t will not be difficult to explain, on the basie of the

theary of rediation equilibrium, the decrease in temperature of the stratosphere

| -5- _ '.
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increnge in albitude of the trove

“4p

roe Trom the poles to the equator, ag
popause In npring and 1ts-increage in-
antumr, Theee basic facts could not be explained by theory until quite recently.

arid. L

Tho quantitetive plde of this new TlLevry has not teen sufficiently developed,
rainly because of & lack of necessary date on the water vapor and ozone content
at Aifferent sltitudes.

We h=ve slready mentioned the difficulty of measuring water vepor content in
the stratosphere, Dets on ozonc are particularly lacking for the most. interesting
part of the etratosphere, thet fa, the beginning of that region, in a layer of 10
to 20 ktlometors, Txisting methnds do not eznable us to ottain systematic data for
separate, sufficiently thin layers, or to measur=z changes In the content of ozone
through the tropopeunse, but we have neen that thia phame 1s of the greatest impor-
tanse. In the meantime, outsianding specielists in many countries have warked to
improve methods of determining the ozone content. The lack of necessary metiuods
is due to the very complicated neture of the problem, -- 2 minimal ozome content,
and the necessity of measuring it in high, not easlly accessible, strata.

To develop the stratosphere theory further; more definitiec data are necessary
on the vertical distribution of water vapor and ozome up to an altitude of 14-1
kilometers, ‘

Temporaturs of the Upper Strata of the Atmosphere

Measuretients with the aid of radiosonde, disclosing & slight increase of tem-

. perature in the stratosphere with incremging aititude, were made up to 25-2Q kilo=

meters. But during the last decade important resulty have bHeen obtained dy indi.
rect methods, showing that in the higher strata special temperature conditioms
prevail vhich may be deeoribed briefly by the rule: "the higher, the warmer.”
Ist us first consider the acoustic data, :

During World War I it was observed that sometimss heavy artillery fire heard
at a great distance was not audible at closer range. Iater it was determined by
phoucastric research methods that during heavy explosicns there exist abnormal
zones of 2udidbility, Normal audibility disappears at a distance of 30-50 kilo-
meters, then follows a zone of 30-50 kilometers where the explosion is not heard;
but beyond this, at a groater distanco from the point of explosion, tlie sound is
again heard, It was proved theoretically that a return of sound waves ocoura by
refraction in the air strata at an altitude of 35-60 kilometers. Such sound re-

" fraotion with its subsequent returm to earth can occur if the air temperature in

Rthe refraction layers, on which the diffusion speed of sound waves is dependent,
rises vith increasing aititude, The phenamena under observation can be explained
1f ve smsmme that at an allitude of from 25-)C kilometers up to 60 kilometers the
eir temperature rapidly increases with altitude, reaching around <430 degrees at
an altitude of 40 kilameters, around 460 dogrees at an altitude of 50 kiloweters,
and approximately 475 degrees at an altitude of 60 kiloameters. It ir impossidle
to penetrate to en altitude above 60 kilometers by means of acoustic sounding,
becauss in the higher strata sound waves are very strongly absorbed.

The continuous temperature rise with altitude in these ptrata is confirmed
by tvilight observations. As we mentioned before, Academician V., G. Fesenkov de-
veloped a theory, vhich vas improved by N. M, Shtaade, permitting the calculation
or alyr density in differsnt strata at altitudes of 20-30 kilometers up.to 150250
kilometers according to “he extent of twilight luminosity of the oky at different
stages of <he sunset, EKnowing the veriical distribution of air density, one may
caloulate the distribution of temperature and pressure.

The twilight method of exploring the higher strata of the at.osphere has =23-
quired particular importance during the past few yeara, Following the lead of
Soviet geophysicists, it was widely used in Cermany, US, England, France and other
countries, but Soviet scientista even now ocoupy & leading powition duc to the
theoretical vorks of N. M, Shieude, the research work of the Geophysical Institute
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L e e 0F the Acalemy of felences USTK, and the fundsmental works .of the nswiy founded .
21 ) ) Atastuman Astrophysical Cbecrvatory of the Academy of Cclences Georgimn SSR,
which has already been publicized.

Interssting results were obtained by olservations of meteor luminescence,
2y photographing meteors fram two points simmltaneously, we are able to deter-
mino the altitude, speed and luminosity of meteors at diffsrent points of the
path, %rom these dnta it was possible to make theoretical calculations of bhe
air density at the points of ignition and extinotion of the meteor and the points
of greatest luminosity (between 40 and 110 kilometers of altitude).

Finally, dwring the last 6-8 years it was possible to make & number of sx-
periments determining air density in high etrata by ohserving the reflection of
raiio waves (see "Ionosphere,” below), All these methods are in agreement and
enszble us to builld ur a certaln rictire of upper stratosphere temperatures.
Atove 60 kilometers the temperature begine to fall, and &t an altitude of 80
kilemeters the tsmperature is around -10 degrees, but ezbove 80 kilometers there
is another strong inorease in temperature (8-10 dsgrees per kilcmeter), which
reaches o 100 degrees at an altitude of 90«95 kilamoters. Here we enter a par-
ticular region of the atmosphere - the ionosphere.

2 o ‘ The Tonosphere

The ides arose sbout 65 years ago that sanevhers, in extremely high layers
of the earth's atmosphere, there is a layer of air with high electrical conduc~
tivity. This thought was taken up again after the invention of radio and the
firat transmission of radio signals across the ocean., It had not been poseible
to explain the bending of radio waves arcurd the globe by the effect of diffrac-
tion. The problem of caloulating tae diffraction of radio waves around the earth
1s very oomplicated and only 2 or 3 years ago, after L0 years of efforts by emi-
nent theorists in many countries, this problem was satisfactorily solved by the
outstanding research work of Academician V. A. Fok.

B ol In 1902, a hypothesis was stated accoarding to which & reflection of radio
' e waves takes place from a high layer of air pousessing great conductivity, In

- O 1926, ihs sxisbence of reflecting layers {ionositers) wes proved siporimenialls
EOE by the mwethod of radio impulses, Several reflecting layers vere found: Ilsyer

E at an altitude of 100 kilameters, layer F at 250-300 kilometers, which 1s same-
~times divided into two layers, Fj and Fp. 1 addivion, there is a weakly re-
fleocting layer D at an altitude of 50-60 kilometers, which refiects only the
very long (ki‘ometer) radio waves., The exirtence of conducting layers results
in the propagation of radio wvaves above thc earthas inaspherical condenser, i.=.,
betwoen cuncentric conluctinrg layers (the surface of the earth or ocean and the
sonosphere). As a result, the distance of roception grows.

. K The condustivity of reflecting lajyeru is detcimined by the presence of free
BN Cee elecirons and ions, i.e., the air in these layers is ionized., The determination

: of ion and electron concentration at different altitudes in the ianosphere,
vhich greatly influences the long-distance propagation of radio waves, conetitutes
the fundamental problem of physicu of the ionosphere and radiophysics,

However, i» determining the cuncentration of charged particles thegre is one g EEE
prinoipal difficulty. Radic methods do not epable ue to distinguish free electrona S :
from ions (we are not speaging here of the influenca of the earth's magnetic field). S )
The effect of N electrons (the mumber of narticles in one cubic centimeier) un a
radio vave 1s the same as the effect of N1 = MM ions, vhere M is the proportim
of the ‘on amss to the electron mass. The ion mase of nitramen or oxygen is ap- PR
proximately 30,000 times greater than the electron mass; tnerefore, the action of EEUN -
one electron is equivalent to the action of 30,000 ions. This discrepancg is a :
stumbling dlock in radiophysius, and encrmous efforts have bear uade to edlilMrate
it. Although nov (by indirect criteria) one may consider as sufficiently estab-
1ished that the F layer hame ar electronic nature, and that in the E layer both :
electrons and ions influence the propegation of radio waves, the mroblem hae not o R
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Yet been solved in 1ts entircty aad remains the principael prodlem of modern radio-
hysies. In particular, it is necessary. to.chtain accuratc ‘date on the concentras
tion cf electrons and ijons in the K layer. IT the conduotivity of the E layer had
a purely electronic nature, I vould be 2X10° per cublc centimeter. If the prope-
ertles of the E layer are, in fact, determined by ions, then Ni= 62109, The con-
centration of clectrons in the F layer constitutes around 2.6 x 10 per cubic centi.
meter.

¥ The lonosphere represents an ionized mediwm (plaems), consisting of molecules,

3 atams, ione and electrons. Thie medium is quaei-neutral, the mmber of poaitive
particles equaling the negative, Even in the F layer the degree of icnization is
very limited. Trom the date of twilight methods, which are considered mest reli-
able, it ie known that the air dena(i)ﬁ at an altitude of 250 kilometers 1s 10-11
grams per cubic centimeter, or 2X1 molecules per cudic centimeter. Therefore,
in the F leyer there 1s only one electron per 10° molecules. In the E layer the
share of electrons is correspondingly less. But such & degree of ionizatfon is
sufficlent to oreate the remarkeble phencmena which makes possible long-distance
redio cammurication, .

Camposition of the Air in the Jonosphere and the Problem of Vertical Mixing i i T N

Thua, strictly spesking, at an sltitude of around 100 kilometers the strato-
ephere ends, Above that we find the ifonosphere.

- Nature gives us & wonderful opportunity to deteymine the chemical composition
of layers sbcve 100 kilamsters by studying the spectra of surora borealis and lumi- EERPREANE SN
nosity of the noctwrnal eky. By photographing polar lights simultanecusly from R .
two points, 10-50 kildueters apart, it i1s possible to determine the altitude of . .
the lights, Tt appeared that. the lower rim of the 1tahis never goes dbelow 1N0
kilameters, the upper riu extends ug to sm «YtTulls o 250~500 iicmeters, and,
RNre ‘@30akiohs even uv té 500.1,000 kilowkerw) ,; & dtely of the specire of
surores b gelie. 13 pessthis fo dufigemtns : the camposfiton: of the miv el an - ..
altitads af 100 kitemeters ands highdr, o . i EECN oo ;A
Ki - . . 1
. 4
Thir&y years ago another interesting paenomenon, lwminosity of the night aky,
‘wun_discovered. The briliiance of the sky on a clear moenbéss migid s ‘shiwn
by malowlatipss and measurements, 1s two or three times greater than 1t
should be, i.e., greater than could be explained by the light of all the stars.
It was proved that the high layera of air » particnlarly in the layer at 130-180
kilometers, are continuously giving out light, The study of spectra of this light,
bhe natwre of which is not entirely clear, enables us to determine the composition .
of the higher layers of the atmospiiere above any part of the world, ard not only .
. S above the polar regions es in the case of polar lightes. mvestiga’.ionv have ghown
: o : that the air, ¢ven in the highest layers, is made up of the aame n! trogen-oxygen
o ocomponente as in the lowsr strata., This result wvas unexpected, as it had pre-
vionsly bein sssuwel, from the basic conditiony of hydrostatics which are the
foundution of the barcmetric formula, that in the higher strata the lighter gases
should predominate and trs fonosphere should be almost entirely hydrogenour. Tt
5 . has rov been proved that there is no hydrogen in the etratosphere and icnosphere,
v at least not as a cunstant and noticeeble camponent. Therefore, the atmosphere
: st all altitudes is "mixed." This roenlt !s not irivial, for according to the
atratosphere theo., there should bte no verticel movemer: in the s*ratogphere, tha
regirn of stable vertical equilibrium, . .

The mroblem of mixed atmosphere is important in contumperary geophysics,
During the past fev years, complicated analys.o of air mamples have been taken at
different ievels, up to an aliitude of 29 kilometers, in different parts of the
world. Principul attentisa vas given tc the oxygen content (heavy gae) and heltum

_‘ (light gas). Up to an altitude of Z0 kilometers the oxygen content remairs str.ctly e
| unchaigen -= 20.9 percent by volume. Above 20 kilmmeters a 8light decreease in AN
i . oxygen content has been datsrmined, up to 2.4 percent at an altitude of 28.5 kilo- :

meters. Lhe belium content nesr the earth 1s 0,00052 percent, and at an altitude

. | C coffPRRmL
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2 : o Ay of 25:k1lometers is 12,0005k percent. . Bxplaining the.mechaniem.of. vertical mixing. .
g ’ in the stratopphere and ionosphere 1 an important task of geophysicists, Of
course, the temperBture criterion of vertical stability of the etratosphere is

noamplete. It is sleo necesgary to consider horlzontal air movements, especislly ‘ CL g
tecause therc sre constant alr currente of great wvelocity in the stratosphere and :
1onogphere. '

Tonosphnere and Sun

The spectra of polar lights and of night-sky luminosity show that in the
toncephere oxygen ls completely dlesoolated. During the past 3.7 years, there
have been indications of a parttal diesocistion of niirogen, but this question
15 %11y undor discussion,

What agent meintains the constani dissociation and ionization of air in the PR iy
tonosphere? The radiation of the sun acts as such an agent. During the periods RN
vhen large spote pess throught the central meridian of the sun, the ionization of ;
high layers is suddenly increased, accompenied by distwrbances to radio commmnie
cations, magnetic storme, and particularly bright polar lights. But what kind of
AN ) . solar radietion - ultraviclet or corpuscular - causes lonization and dissociation?

o This 1s one-of the chief problems of contemporary astrophysics and geophysics un-
der study at oresent, There are arguments for both kinds of radiation,

Since 1932, aspecial obeervatlons have been made In connectlon with the ao-~
lution of this probdlem, during solar eclipmes, to show not only the optieal dut
algo the corpuscular eclipse. Lighu takea about 9 minules to travel fram the
sun to the eerth, and the curpuscles projected by the sun take much longer. A4s
a result, the moment of optical eclipse 1s removed by 24 hours or more from the
noment of corpuscular eclipse.

A great mumber. of eciipses were ovserved with the aid of radlo waves to
gtudy the change in ionization during optical and corpuscular eclipses. The
ac%ive influence of ultraviolet radiation on the F layer has been definitely
eastablished {Recresse of ionization by 10-2C percent at the mament of optical
eclipse)., The influence of corpuscular radiation is difficult to prove and the
results are not certain, Hovever, tho observations of Ya. L. Al'pert and B. N.
Gorozhankin neer Moecow, during the solar eclipese of 9 July 1945, have made 1t
possible to draw a conclusion regarding the influence of corpuscular solar cur-
rents, rushing at a speed of 400-600 k:lometers per second end more.

It 18 still necessary to make a number cf observations with the aid of now i
instruments during futwure solar eclipess %o explein all essential circumstanceg s - N
of the dissociating and ionizing action oi solar radiation in the lonosvhere,

Temporatare of Ionosphere

To determine the air temperature in leyers located above 100 kil'meters, *
one mst use primarily three indirect methods. All of them give certain infor- ‘
mation regarding the vertical distribution of air density, out of which 1t ls
possible to reach conclusions regarding temperature distribution. The basic B
method is the twilight method described above. The most reliable remvlts, cover- R
ing a 4-year period of continuous observations (theoretically developed in 1947), SRR
were obtained by the Abastuman Astrophysical Uoservatary of the Academy of doi- Lt
ences Georglan 3SR.. They agree with independsni determinations of density, made
during the last few years by radio methods for four levels: D, E, F; and Fp lay-
ers. Finelly, in 1946 an interesting work of Garang /Herang?f, a Norweglan geo-
phyricist was published, on determination of air density by measuring the bril- iy
liance of polar lights at different altitudes. : »

The rosulte of all three methods approximately agrec up to a level of 170-
180 kilamsters. The temperature rises rapidly with altitude, reaching a value
of 4700 degrees in the layer at 170-180 kilmmeters. Above 180 kilometers, ac- SR .
cording %o twilight data, the temperature remains almost constant and even

g - \ .
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. Qe~repser elightly atove 2L0 k1lometers, - The other two methods show & continmed

vige of temperature up to< 1200 degrees ond more at an altitude of 250 kilome-
terc. :

We have good reason to asmume that the twilight data are cloeest to reality.
The future will show how correct this 1is.

The more recent and exact theory of Ya., L. Al'pert and V, L. Ginzburg (Phys-
4cal Institute of the Academy of fciences USSR), which takes into account the in-
erease in number uf collisions as £ result of increase in effective cross section
of tona, algo gives the moderate temperature of 4-30 degrees for the highest el
layer, '

In 191+'7, the Americen press and radio, in particular the notorious "Yoice of
America” radio troedcasts, raised a great to-do about the "overvhelming” results
of temperature measurements in the upper strata of the air, supposedly obtained
during experimental flights to the stratosphere by the V-2 rocket-projectile.
However, 1% appearsd that no results had been obtained which would alter the pic-
ture of temperaturs distribution ag previously established and described above.
The same applies to other questiona, such as the vertical distribution of ozone.

Wind ;n the Stratosphere

The gtudy of air currents sn the upper atmospheric sirata is a problem of
great practical and theoretical importance. The development of the theory of :
general atmospheric circulation, the principles of a general study of movements
11 the atmosphere, and theoretical principles of weather forecasts, as well as .
the Jemands of long-range artillery, rocket aviation, and sound ranging, require
exact information regerding the speed and direction of air movements at different
altitude levels and at different global points, depending on the time of the day
and the season. The information available to geophysics is not yet sufficient,
and 1t 1s imperztive that more complete data be cbtained.

To study the problem of wind in the stratosphere several methods have been
used, First, obserrations of luminous clouds, somstimes visible after sunset and
Yvelors sunrise, have boon madc, Simultancous photographing from two points a
suffioient distance apart, together with exact measuremens of the sighting angles
. : of the camera, has shown that luminous clouds are found almost invariably at an
? : altitude of 80-83 kilameters (apparently, the constant altitude level is comnmected
Ve : with the existence of a comstant powerful tempera*ure inversion, begimning at this
level; see above), The same kind of measurement shows the :xigtence of fast move-
ments of luminous clouds and makes it possible to measure their speed.

We should further point to the study of meteor trails. A meteor often leaves
behind a lumfnous trail, somstimes visidble for a long time. Usually there is a
drift of the meteor trails, which are gomicmetrically photographed from the ends
of o determ’nel base t2 determine the velocity and direction of wind at different
eltitudes.

Quite recently, results hav - heen cbtained by radic otservations regarding
the movement of "ulouds®™ of high ioaic concentration in tLe iomosphere.

R

Important information mey be obtained fram soncmetric measurements of zones Lo R .
of abnorma) andibdility in the case nf heavy explosions, a field that has not dbeen S
sufficiently developed up to thy present, An exact theary on this compliceted
phenomenon has besn developed by Soviet geophysicists, including Profeseor S. v.
Chidisov,

Finally, in 1945, a mmber of observations were made in England on the drift
of smoke formed by firing special smoke-projectiles up to an altitude of 30 kilo-
meters,

It has been determined ihet thery are powerful and regular air currents at

- 10 -
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. A'fferent atmospheric levelrs. Here, for :xample, is one of the typical schemes:
ihs wind velocity in the lrovosphere increases with altitude, reaching a maxi-
mm of 20-25 meters per second below the tropopause, and there 1s & prevailing
wind direction at jhis altitude. In the stratosphere the wind velucity at Iirat
decrespes rapldly with increasing eltitude, reaching & minimm of 6-8 meters per
second nt & lavel of 19-22 kilumeters, but in higher strete we observe a very
repid tnoreace of wind, up to 70 meters per second at an altitude of 40 kilome-
ters and 140 nmeters per second at an altitude of 60 kilometers. A strong tem-
perature inveraion, baginn*ng at & level of 80 kilometers (see sbove), pcesibly
plays the part of a "second tropopsuse” in some respects, At any rate, the wind
velocity here apparently reaches its maximum (up to 160 meters 'per second), and
in all probability, it decresses at higher eltitude levels.

The preveiling wind direction in the second trovopause is directly opposed
to the direction in the real tropopeucc:” It e possible that these two tropc -
pauges conatitute an important element of & cloged circulation echems in the
stratosphere, the greater velocities in the upper tropopause being neceseary to
balmnce the messes, as the alr density decreases with altitude.

Stratopphere and Westher

There have long.been atiempts to comneoct the phenamena in the etratosphere

vith the westher-forming prosesses in the troposphere. Although certain correla-

- tions have 'besn definitely established, we do not yet have a complete picture of
the ‘influsnce ‘of ‘the higher layers of the stratosphere ont the weather, DBut there
are many reasons to believe that in developing our knowledge of the stratosphere,
the important vrole of stratospheric processes in the theory of weather forecests
will be mare definitely outlined. At any rate, during the past few years impor-
tant signs have been observed, We ghall not go into this extensive subject as a
whole, but will only mention a few examples.

Interesting data have been obtained in England and America regerding measure-
ments of ozome content in ths s¥ratosphers as an indication of impending change
of air masses and the approach of & synoptic front, The great importance of orone
measurements In the study of gereral atmospheric circulation 1s now definitely
sstablished, bubl research in this fisld has not been given swificient atlention
by Soviet geophysicists. We should devote ourselves seriously to this .ue *ion,
particularly since we have highly qualified personnel who can conduct thie re-

search efficleﬁtly if properly organized.

The influence of the atratosphere and ionosphere on tropospheric meteorc-
logical processes is becoming more and more evident in connection witk the in-
fluence of sclar vliravivlet and corpuscular radiation on the ilonosphere, We are
thinking not only of the highly publicized discovery of the Australian scientiste
vho estahlished a distinct parallelism in the changes of degree of ionization in
the E layer, on one hanli, and the atmcspheric pressure at ground level, on the
other hand (far -reec‘:ing correlations have also besen establighel by Professor E.
N. Kessen and his collaborators){ but we are thinking espscially of the organlzed
and promising res‘arch work on the commection between processes on the sun and
phenamena in the troposphere. The various and powerful effects of the sun on the
lonosphere are, apparsntly, transmitted through the stratosphere tc the tropoe-
sphere. Interesting correiations have been found between phencmenr. visidble san
the surface of the sun and certain meteorological processes. The mechanjem of
tranemission of these influences through the stratosphere is not yet clear. The
davelomment, rf it~ prcblem as a whole depends, we believe, mainly on the measure
of success i1: gaining an understanding of this mechaniem.
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