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MAGN1ST0TaLURIC sounnia~ MN G..:ORG?

aol~lowing is the translation of an article
G. A. (1erayavskiy aid G. Ye. "=Veai~

A1hadmii Noult SSSR -- M setf a Geofia

1hysi Cal Series) No , 1 oscoov January
93, pas 147-151. Th~e article, signed All-
Mil SCentific Research 1nstitute Of 0.

physics, Academy of Sciences, Georgian SOR,
Institute of Geopbysics was submitted to
the editors 26 June 196V]

Abstract: on the basis of the results on mag-
netotelluric sounding work it is shown that
the Introduction of rhiagnettelluric explora-
tion is very promising in Georgia when cm-
bined with other geologica2, and geophys ical
methods.

lMagnatotsUluric methods of exploration have oome
into extensive uise in geophysical practice in recent
yaws. one of the most promi~sing methods in ma--to-
tefluric soundin~g. This method makes it possible to
a,"d the relief of the basement in regions with a

tL k(7-10 ki.) conducting layer of low resistivity.
In such regions the man-period variations of the nag-
netotelluric field occur at the low point of the sound-
ing curve thereby creating favorable conditions for
the use 01 MM (MTZ .. mogfiftotellurichea1coye sondivo.
vmnive -- mapatotelluric sounding).

Up to 1960 magTetotelluric sounding was carried
out byanumber of investigators at individual points

Thes first exploration work using the magnetotllur.-
Le sounding method was carried out by the WNIIGeofisika
(Vassorianyy nauchno-issIledovateltskiy institut Qeofium



lkA m At..lUnion Scientific Assearch Xntitute of Geo-
physics) in 1960-1961 in Central ~.keni& along a con-
tinuous profile 400 kn in length S.. rnotq] ad in the
Vily~akays, eectonic depression (Yakutian ASSR) [See not9.-

(Plotes G,, V. Anis henko, Y.' V. Oolubkov, Ic. 1. N!ik-
itenko and 0. A. Chernyavskiy, Otchet atm 2
XXI (2.eport on Subject 212. Chpter ;LAU), 1'ubl.1shing ouse

(Aelote: I. A. Yakc'vlav, Othtorbtk pto
rmetodicheeko elektrrazvd,24MV-5 I Meot onthe
7672~ of the Eerimenta1-Sttic 13:Iectric 'bcpor~tion

Party), Publishing '&-ouse of the VltGeogizika, 3.964)
In the fall of 1961 the VIG~eofizika, in collabora-

tion witch the Inatitute ot Geophys Ics of the~ J!adeny of
Sc'iencss of the 'fcoorgian SSR carvied out magnetotellur-
ic, sounding in eastarn Georgia, This artic#e describes
that -rk,

1. &eterl. Georgia is a covtplex :,eological mribn,
1,7hose deep strioture has still been inadeq~uately studied
despite the fact thdt the entire area is covered by re-
,giona3. -ravimetric and rnagnetic surveys.

cSetaric research (GSZ -- 5lubokoye seismiche s1oye
zondirove-niye -. desp seismic sounding) inis crrried out
alotri, separate routes in zones wherea theA crystalline base-
rnent is at a. relatively shallow depth (up to 4 kmu) ZV.

A tellurio survey was carried out durinq the years
1955-1.060 under the direction of A. V. 3ukhnirkashvili
and V. V. RaZbuladze; long-period variations vxre record-
ed. The results of the 4urvey were used to corapile a
riap of the telluric parameter . A num~ber of papers
have been devotad to the geolo~ical interpreta ion of
the results of these telluric investigations 13, . I

Mantotelluric sounding was carried out at three
p~oints (Shindiait Dushoti and 'Xaktabeti) along a profile
intersecting the area of the telluric survey from wst
to east (from the isolines of the te2.'.uric parameter

Z 5-6 to p.= 0.5).
The depth o.l the crystalline basement, consisting

of pre-Paloozoic and Lower Paleozoic rocks, was ahovn
by geoloeical and geophysict') data to vary-from 3,770
m at Shindisi to 8,000 m at 'Iakabati* The thickness of
the sedimantary layer at Thlsheti war. assumed to be 6 to'
7 km.

Logging data irndicate that the geoelectric profile
of eastern Georgia can be classif-tad as the M~A (four-

A.-



Flayer) .j 'lh is tn-io layers consist oZ Quaternary and
Tertiary deposits iiith a relatively hiqh conductivity
which increa~ses from west to east as the basement drops
down~ward. The raen'n linear resistivity of this comnlex
varies from 10-15 ohms/n to 2 ohms/mter. The thx layer
belonzs to the Cn',rbonife.rous suite of the Cretaceous and
the clay-shales of the Jurassic with a resistivity of the
order of 50 ohns/ra. TShis layer, ae aetria clly uerging with
the high-resistivity r~cks of the basrmeant, x:3 the elec-
tric reIferernce horiz~on.

2. I-Aagntotclluric sounding was carried out ucinff the
prototype of a portable station coftstructed at the V414U-
Geofizilca. 'ihe station had the following co::Lpon,:,Ats: os-
cillo ,r -.Ph, two hlghly seeitiva Brunelli 1t-manetomelterS,
a com.nutator pal and a po crc!tra1 unit.

The recording oZ Ext ,, nd Hvariations at
each sta tion Iactad 40 to 5 Ob rs.' Va~iationa ith -the
period T> 100 sacords wara registered At a paper spend of
20 to 25 ~/i~

Lle i*ork was carried out in October and I1ovembcr at
a tir-a of r'elatively low talluric acti'vity. Type Pe short-
period pulsations .f a quasi-sinusoid-al shape w,,ere ob-
-erved re3.ative].y rarely. The recordings miost co-in-only
cai-ried tr.ains of pulsations (11 ) of an irregular shape
whose pank intensityr wcs obser;V, in the evening and night
hours. Vriations %wath poriods of 70 to 150 seconds pre-
dominated in the frequency spe ctrum,

The mear atiplitude of short-period pulsa-tions at )Jx-
she4ti and Wcabetl variedl Crona 0.2 to 0.5 my/1m (tellur-

A. fild) and from 003 to 1..5) (magnetic field). fthe ap-
parent pnriod of v~xiatio-fa varied from 1$ to 500 seconds.
The man xiplitude ot telluric vlhort-pe2riod pulesationa at
Shindis i was I. to 7 mv/ka.

-Ohe polariz-tion 0, th* ield was dif~arent :!for per-
iods of T a 20-60 sec and T> 100 sec. Th travel-time
curves 2%or the telluric field, drciwn 2or variations irith
'2> 100 see, ware elongated in ai sublatitudina. direction.
The axes ojf thn travel-tae curves drawn Zor mear-per-
iocl variations, tend to have a nmeridional direction. The
pulses of mutually-perpendicular comiponents of the raag-
netotalluric fZield usually had similar coitfigurations.

3. 1he processing oil oanillo,'rams involved the de-
termination of the apparent perioa iand am~plitudes of
the c,,uasi-sinusoidal pulses of the rnutually-porpandioul-

~ar componnnts of the elactromagnmetic field. Ze magnetoJ

-3-



~t~1~iri :omd.n:; curvat 2.crc. CIrafl by th~e ap-.-arent
r,~o -yto .~tc..n ;Lzndane -'athod"Iaee not7

(/Po0te7J T.. ~~c-yOtco 20 teme 2121
6 unZort on x'oJect 212, Chpe C) ulihn

Mule of tho 17:Il ,ofizilca, 1962.)
.?.I( Valluea 4T nxe lai.*d off'# at 0 logarithmic acale alon5
the ::t:ie Lhe fol1.oinrj values are laid of.Z on the yr-

2 t i a7, tha scl:Po , .
prw m Os2 T Zupi

m w0 #2 TZIV

ic1C i, 4 1z r,:;iod of v-iriL-.tions in c- conds.z

-as V'Q~~cLt~ZLii %23tc of tin a-))rst ±zn-
as-~ are Cie nnlnt on ;". ci --xi:?,i~2oiu .~ mnd

(At -rs iinac'ionof nadi irnx: - O t'.- a-in tih

2i.I chovm t~ie dleiv4'd -ier-,to-,-l tiC souldink~
curv! t .40h poinat on tiv, curves PT p iC t'c re.
sult of 5 to 7 r-.a ~r..m=-t -M t lnte T curvas

JI'wVIC. 0;t~ d clecar mitninua-I1 7ce obtaincAt. at Kn~ka-

ie3.d). lf-a cu-,s ar: chaac:ized by .

e~d astcy-;.rto d c br,.nch Tn'th an zrlcof inclinaiion
o .soZ G30 a Lcurow- Tii-,, ai Steen !a 1-t dca-

~c!:Th~lbranc~hh. .,curm.,rson of2 *b curves -at th~orpt-
io2 ci~co.h.~tkw.t i-nr~.h-,c Thcy .-Lrf- C1.0sn to the

threo-Ifay'rr typz-" hi wu-i Lha pxitars
02 = II .~ 11 2  1 ~~

A hriithe -- vv-ttotpr41urc sotmdir.- curves are
rcpr czeatr~et only y Ct right brsmich,

.cn V-1L Curvr s are super'posed RX md P d co not
coinci.c -.-Ith one anothor. 'Ih eiscrnpaacie~s of &~
vnlue~s Of i totr~l Ion-itudiinal conductivity are: at

1~~44, -- L; rt .'usoti -- 3W'k; aad, at Shindisi -

4 -



727.Tkd.,, is tevid :.ic~c thlal thr.,~rim irvzctigalced is
nonhoiuog-ncor~. 11he value of the total 2.ineAr conductiLv-
ity -,ae dle irinnd by 'a~in~ thc:. Zotriula

where -4T in the abscissa o2 the point of intersection
of the asynntote of the curve w..ith the line FT = I-

*1hen 6trairing the val1ue of tho mean~ Linear re-.
sistivity the~ geoelt.ttric profile was oonsiCered tio-lay-
ared (it w~an considered that the conductinq co.-.plox

*,Iove the xeference horizon is of -rar~t thijcweas), 1he
valuep1 In Coriputed byi n tr:, ht. lonaua P, a 1.32 Ps
u'here PT~jn is the ordinate of the m~,ini;,=m ont the maLaaeto-
telluric' a~undn curvces. 'khe thickness oZ the co~nplex
above the referencet horizon (the thicknewn of the Quater-
nary and Tertiary Odeposlts) wac d'..terrtiiied from the for-

=I&g 1i 0 1S.
4. 214,1. 2 shoW.S thie results ofC aotmding in compa-

icon u-ith the data for A I.-lluric curvty.
'foA vvluos for tbs total1 13 -.ar condtivity

clancfi-r~ on -to cast Zrom ZL.; Ato at Shindis. to
2p900 -iiho at iakabctti and the valuse of the uiean liner
resistivity frotm 0 to 2,5 ohvis/m. It can be seen from

the graprs t t th =ch,-es of the total liraevr conduc-
tivity mi -he talluric pario Lar i-, are due not only to
chanj -s in, the 6h1-Ucn:= of thoe co iplcx -,.bove tho- ref-
crence hori-on, but also to chan,,;eAs ofE nta3f licr re-
Ciativity Pl.

~ covri~nwo the values ofC thce telluric peraot-
crwLitih the valu~es o! the totz. conductivity makde it

vobiA to postulate that tnaurofherefqmrnce

15-60 m~.n a!nde FOr 7,-iatiOlS ".4th pariods oZ 100-500
sac, that is, both cla~sscc4 of w-trictions fall in the

On the lb"ca of thctsutIng at an e:Uort -was
made to ~' a -uc.-,titative intc pretat ion of t-he rt-
sults of 'the lon:;mprriod tell~uric aurvay. 2y using- the
f'!rapha of f-LC3) an,.! P1 (S) part of the map of the tollur-

10paronieter wa ~zs tranaf O=md into a r.~p of total con-
ductiv5-ty and thnn irkto a zaap of depths to the referenc,-i
horizon. L'hese maps charactorize thia ganoral charactor-
istict of chate of th-, prmotere of the conducting
awplex o2 Tortiary depoaits for the area inwoatigated.
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Pig. 1. MagretotelluiLc sounding curves. "aatern Geor-

gia, 1961. a -- IXakbeti, b -- Dwheti, c -- Shirisi.

ConULusions

1, The gcoelectric conditionhs in the territory of
mastern Georgia are favora'b e for ,tmagnetoteluric

eomdins %. -orkc.
2. The reaults of the s cg, otelluri sounding

-vorlt agree well Oith the res'xltsa of a lon,-peri.od tel-
luric survey.

3. The study of the dapendence of p on 8 and14- on

Pi m,'Ves it possible to make a quantit&aive interprieata-

tion of the reawLts of a telluric SUey rads In past

--ear-.
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Fig. 2. Comparison of the results of niagntoteliiuric
sounding and the data for P. Ion,,-'period telluric sur-
vey along the profile Shindisi-Dtusheti-Kakabetiz
I - curve for the telluric parameter A , 2 -- curve of
a =total. linear conductivity based on wmas~etotelLux'ic
suding data, 3 .- curve of the mean linekar resistiv-
ity based on ma;netotellurio sounding data. a -- Shin-

*disi, b -- 1Dioheti, c -- IKakabeti.

The conclusions drawn above indicate that the adloption
of magnototelluric exploration in the complex of g.o-
Iogical "n reophysical investigations in highLy prom-
is izi for the territory of Georgia,

.1e authors take this opportunity to express their.
deep gratitude to 14. N. IBrdichevskiy and 11. V. IRebul-
adse, for assistance given during the field work and the
processing of data. XLGR2H

1. N~. V. Lipskayat,11, A. Derilakin and YU* 14 Ye~orov,
"Moaults of Electromagnetic Sounding in the Central
Part of the iknepr Cionets Depression"t , !sv~ia All
SSSR. ser. geofiz: (News of the Acadwq o sTciances of
the USMl), No* 3. 1961.
2. 1. X. Rokityarnakdy, "Curve of Deep Hmagr~otelluzlo
Soundin (MTS) Based on !*ta for the Borok Observatory"
12"sti YaANSSR aer, goaf i (News of the Academy of

Scieces f th R, Qop?%8c & Series), No. S, 1962:1
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F3 . . R, NibLett and 0, ss~wn WittgeTstail, "VariationL of
BLectrical Qonductivity With Dpth by the M4apaeto-T2lur-
ic )Utbodl ~%dylm o 9-90

of the Study of the SaUcwfa of the Ozytallin aa8mmnt
in the'Wet. rmg Part of the Gorim Mwan~sia DSP wsIOU"t

Trodv XltU a gotie A gmASR(Tr'ansactions. of the
:Ent2.~t ofGepriele, olalyof Sciences, Georgian

So As V. ~u~~ahvi2.i, V. V. Kabu2.adma 0. L. Me1idn
and Go Ye. Ougwauwe, "Experience of an Electroteluri
Survy of the Territory of Eastern~ Georga Usin

PeidVariations",, rd iuagoi.A
(Transactions of the-wttfe fftPW2QqAA0
of Scienoem of the Georgian SA~) t.X xU 960.
6. A, V, 23kW3ik&&hlcaLw.i V. V. )Cmbiladze adA* S. Lash-
khil "Results of Exprita. Work by the TharrestriaL
Electric Ourreats Method in the KartLiyskaya PLain",
friidy Intituta meof iii AN~ 0rim8SI (Traactions of the
institute or CGeOphLY83C8, A*&a*My Of SciLencO, Georgian

7. M. N. BerdiohvakiyPrInci I*othe Theory of
Magettalurc rofi2ff 11 t ; anA9o!f- (Ape'

K M. No Ba8rdichevskiy, a£iRicheskarax eda e tod-
oig ~righeskikh t crC L nb h

TellurIo Qxrrents hiw), Gostopteuclzat 1960.
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R SUARCR ON CLOUD STRUCTURS AND TRE SCIENTIIC TAKS CONNECTED

WITH THE INTZRNATIONAL YEAR OF THE QUIET SUN

[Following is the tranalation of an article by A., Kh. Khrgiax
in the Russian-ianguae pe~iodioal 11v3stU1 Akagemi, auk SSR -Serlys,.gofigichyaksla (News of the. Aoadbmy. of Sciences USSR -

Geophysical-Series), No. 1, Moscow, January 1961, pages 169-176.
The artiole va submitted to the editors 2 August 1962).

Modern knowledge of the usarophysica of clouds and their
electric and other properties is surveyid. Future research
on and organization of cloud observations in the USSR are
outlined.

Cloud research has recently attracted the attention of

geophysicists oecauee forecasting nlouds and precipitation

is the most difficult task in syno tio6 hnd the aviation

service, requiriAg profound knowledge of physics, and because

the recent discovery of methods of artifioially influencing

clouds and precipitLtion has begun a completely new era in

the use of active meteorological techniques. Together they

make the subject of cloud physics importunt and interesting

to a great many specialits, agricultural technicians,

aviation personnel, eto.

Clouds are studied both by the airplane method (most

widely and systemetically developed in the Ua3a [1-3) and

England) and by the laboratory method (more extensively ue~d

itha n any other branch of science relating to the atmo-4

-r. 9



sphere)t observation of the prooeases of condensation# freesta ,

etz. in special condenr tion or "cloud" chambers. This many-

aided experimental approach has created the foundation for a

theory *! oloud formation and preoipitation. The latter has

been su oessfully applied to'the study of partiole coagulation,

distribution of the prooesses of freezing of the particles,

The years between 1955 and 1958 were marked in the USSA

by extensive research on the microphysics of droplet aloud*,

spectra of drop sizes, partile ooapcsiton, etc. A recent

survey [1) show3 that the substantial amount of material now

gathered in the U33R and, to a lesser dogree, in other countries

provides a rough but satisfactory initial description of the

microstructure of natural clouds. The simple laws deduoed

from the material are widely used for a variety of practioal

caloulaticn3 E5, 63, s. g., for icing of airplanes, range of.

visibility, etc. This is presumably the reason that problems

in cloud microphysics nov rest on experimental material, which

is sufficient at least for immeiate theoretical formulation&

and practical Leeds.

The more complicated problems of cloud macrophysios have

been such less studied. The formation and developmeat of

iOlouds is determined primnarily by larze-eale sir currents, 4

S1.0
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their divergenciee, vettical components, turbulence, eto.

and, In part, by the processes of radiation and scattering of

radiation. These macroscopic processes are closely onanected

with those considered by synoptic forecasters. They must ome-

plot* tbeir prognosis of a wind pressure field (synoptic or

hydrodymamic) with a prognosis of the development of cloud

systems and preoipitation. Precipitation *an be regulated and

a sufficient amount of "artificial rain" can be obtained only

if the prooess of regeneration, the process of natural restora-

tion of a cloud, is thoroughly understood.

Thus, it is easy to see that the next ten years will be

a period of widespread maorophysioal cloud research, experiment-

al and theoretical. Koreover, theory will often indicate

the subsequent path of experimental research, the method of

organising it, etc.

To help solve the problems involved, 1964-1965 has beenJ+ (ACY)

designated the All-Union Cloud Year and it will. form part of

he program for the International Year of the 4niet Sun E7].

The organisation of these observations does not oome vithia.

40 the scope of this article, but it is obvious that the soent-

ific plan will 'oeessarily reflect in the best ve possible

the major problems in oloud research entioned -aboveo The

following will help to improve weather foreesting and *one

2--
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tributs to our knol+editi 0 methods of influeaoing olouds

(1) study of oloud systems of fronts (inoluding their

oirrous parts) and the Jet streaml

(2) investigation of the genesis and development of *on-

veotive clouds;

(3) . weme oi .'s. i~ wi . ( ............. iu

(5) study of cloud forms and Eystems in'mountainous regions;

(6) investigation of the miorostruoture and chemic&l com-

position of oondenseion. nuolsi, partioles of olouds and pro-.

opitation;

(7) observation of eleotrio and optio properties of clouds;

(8) clouds over ooean; and large bodies of water.

Sinoe fronts are responsible in almost all olimates for

most of the preoipitation,, foroasting of frontal oloud systems

is highly important. These systems, are often"shortn ed" whlle

preserving either the upper part, whioh yields very little-pre-

cipitation (as often ocours in Central Asia), or the lover

part (A. H4. orovikovC8J). "Models" of such fronts togethisr

with the conditions under whioh they are fozed asolttrtne-

rens. Of interest frou' the standpoint of foreoasting are the ,

L. .



cloud systems of the jet stream, where a great variety of -

Ci, Co, As, Ac, and other clouds reflect the complex types of

movement. These systems have been little studied, although

the dynamic properties of the jot stress are quite familiar

(of. E93). The possibility of organising observations of

eloudimese of the "eastern waves" in the trade winds and

of clouds in.the intertropical convergence zone must also

be considered [103.

The theoretical dynamic patterns of fronts have already

been worked out in the Soviet Union for the "olassioal"

frontal pattern [1I, 12) and for a modified pattern where the

principal factor in condensation is the turbulenoe of the

layer between the surface of a front and the tropopause

[l, 141. This latter model also accounts, in principle, for

the appearance of a separate upper cloud layer above the frontal

surface. To check these patterns will require the organisation

of obfertations or evaluations of the vertical movements and

4turbulence coefficient.

Similar to these observations is the investigation of

* a iw In t eaeftl obemrntt tsethwt

synoptic investigation [15, 16, and, in particular, 173 revels

the effects of general asoensional motion, sublnveroaon Sure

bulence, conveotion, and even wave movements. In doing so

4t will be necessary to distinguts" between the condensation 4

am• n er



area proper in a cirrus and the area of particle preipitation

(virg). These oervLtiors require a sere complex techniques

high-flying aircraftt improved mioroph~sioal apparatus, eta.

However, the study of ice clouds is extremely important since

their particles may serve as Oseeds" in the formation of frontal

precipitation. The possibility of influencir frontal clouds

should also be studied, ise,# the possibility of artificial

redistribution of their precipitation (for exaple, the plan

to piotect large cities from snowfalls and drifts).

Systems or a.,eas of cirri ave alzo of interest because

these are the olouds that are ohiefly observed from satellites.

They are capable ov influencing radiation of the earth, ob-

servations of terrestrial radiation and temperatures from

Stellites, etc.

Convective clouds$ inoluding thunderstorw and shower alouds,

are a source of great danger both to aviation and to agriculture.

inos high. promising methods of breaking up thunderstorm clouds

have already been teated, there is great need of information

ox the structure of thise olouds, their microstruoture and water

oontenf, voitical movement6at different stages of development,

eao. Rsoent miorosynoptio iaventigations [183 have shown that

the areas of hail and heavy rain are complex in structure and tb,

shift in complex fashions Methods aro now available for

144



simultaneous observations of the notion and thermal struoture

of ooaveotive clouds "3, 193. These have led to the idea of

medium-soale (5-20 ki) atmespherio motion determining the,

aoveotion field. He .-ver, a nov pattern or "model" of a oon-

veltve aloud to acoouat for its knof ohacte4ristios has Aot

as yet been developed. The part played by "entrainment of air"

from the sides, asymmetry of internal ourrents in a cloud,

dowaward external rotiont "friotion" of an aeoensional ourrenat

apnast the surrounding air, eta. still avaits eluoidation.

Very little information is available on the structure of the

upper part of olouds, the plaoe where the "anvil" is formed.

For oomparison with future observations from satellite.t

it Is very important to study the relationship between

Ou - Ob systems' and wind field# shifting of winds, area of

veroenoies, et. [203. Ou and Cu over similar broad exp#nses

of cosm are naturally of great interest for the theory of

convetion. Modern theoretical Investigations [213 of oon-

.vaotion and of the olouds related to it (dealing with both

the aotual proesse of oloud formation and the stationaoxy

simpler models of motion developing above the oondelation

lea1) are highly valuable in olarifying the phenonena.

* Such observations are also necessary for the orpeaiastioan

of obsewvatione in the oase of level or broken terrain in

!le3atien to the degree of instability of the tropopheore, et. .
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I ihotogrummetr.o inve-stt'rita1At 7fx th's formation of convective-

clouds, their del2icaL'rwt!ie de-ve2 prixtv arid disintegra-

tiol, could bo' etremely useful. It is oaoasioruilly soiaewhat

eu.aier to obse:7vo cconveotive &otlods iAn muntailoua rpt.ions

whers they are smetimues "ltied"' to o'~rtain places and do not

drift awa , fr))n tl observe~r. It ia ,;enerally kinown that radar

has made a ma.4jor aontril,,ution to the study of' oonveotive clouds

and efforts to modiify them. r-he prim~ary elemcenta of convectioni

discovered by r'ud:- r (call)ed "an,,els' i .broad [24',) cannot be

seen by hny other mothod. Thiey probably,,, reilt in the formation

of lar4;er rsenicronl ourrz,-t arid o~-.cu ."diooatir

nmethode of Judgiir,;, the iritern.3ity of tuilat rotio,, L233 will

undoubtedly be tsaortial in studiying oumuli and other clou~d

Of great s:ia-nD iir~oe in toocti~ re the stratiform

clouds, jometiaeki wit'. th' regular undulatirAC formn (.,ic), some-

tines Without it 'ut), whicll are mo".ly f'nried vivdar Jknvcraions.

Th. tho~yof' thes. clouac., wici; takeai into account tur'bul.ent

ni~ri i bi nversioii la ,r and t' ) aUeratioi± o!, wr

moi.;z air* , -.*orL P4 oiit by L. f.'. tv(yev [ .4~. i

Lo~~'~x~L14"J i~d eli')by L.V. Vlubovich, all of whom

later made ullowance for jenra. alow vertical. motion. Ye. * M.

ye, geI~nor~ C5. e-amine~i ti-.e orleic i radiatior, of' clouds

_&dabsorption of solur rad-!ut ion th;,rAirn, which determinenc~t onO
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I twe d.btaiie of therma. stratif~iazion in a oloud and the

oonvetive processes near its upper boundary, but also the

process of upward growth of a cloud deck. The theory of

condensation in such clouds was *lp considered by X. F,

Bogdanova and M. V. 3hvets E242. In general, this type of

*- clouds has been given more detailed theoretical study than

all the others and we row have a.fairly clear idea of the

dynamic and thermal processes that take place ir. them. 3everal

experimental investigatipne made by the author [25, 261 and

one made by him jointly with K. G. Abrmovith [273 showed that

the e:isting theories describe fairly well the process of

formiuj straztform clouds. This formation is ocntrolled by

the processes of turbulenoe, which -..re conveniently character-

ized by the quantity Ri,- Lnd it varles with the &low vertical

motion. The peculiarities of the boundary layer(Bernhardt

'L26]) leave 3ome imprint on these clouds, "hioh require*

more comprehernsive study. In some oases the turb'ilence re-

quired to form 3t or Lo is presumably intensified in the

boundary layer and ic oomparativaly weak throughout the tropo.

sphere above it (P. -,. Vorontsov has described examples of

*such distribution of turbulenoe).

Study of the forms, of the upper sa *e of cloud deck*

4.(successfully begau by A* P. Nopovttova E283) h",a thwown 1t0bt
1.0 the formation of clouds urAdew the influenCe of radiation .4

-.. o



I~~In oonln the' sub- -

dO. VCLU') LI] M LCiritOjil.O;t jIndCiVe te
quen~ ~~.cict~~i'itC~QuW/d1J~rt~ . r ~i.i Cat ioli of Conden-

~ist~ Oh.1 LLwn, the Coorvolti ot noted( by j. J. Ko7harirn

bctwe the di;,ta-Lbutioi of titc wat nr cont~ent of -t cloud Knd

t valooit,vi of' ordered and turbulent motion [14J will facili-*

Iat th'. uuw of' Mic:?ophysioal obse.rvstions to determine ao-

clir'tly the' procas~eu tbat m V predominate in & given case.

;yno 1 tio iriv-.. i*ationa of olouds an well as oaloulatioflA

of tw.ir watler conrtent for no~ purpose of' modifyin, them re-I qu~ire a detailed clircutaooioal (a ,tistioal) analysis of

the mzimben' altitiote, ternperattire, - nd other ob.,kLateriaticB

o." Jirff'!rfnt cloui fortr.i. JpecifIo:,jlyt to ir1.erpret tne

photo rpraphii of cloudia taken fret anhcve, it iti nooo*svy it*

rna~C ~p~;iV YI lo thie numbc~r of olouds at all. three

1: vel.t !ur hourly e;3timatea of the n'inb'r o1'I olou4~of' U u iil3 oftoe:vation of thoeir altitudes$ hilgh..
.-:pete ht 4 :fji. of tli entire cloud, and obaervationa fromI ~ ~~Epo~xzmtinq tdrplaTWe behind -th-.3 UpfT-~Od.'fho territory of.

Vie ' ovi(et 'Iniori ij hit~hly vuried in~ this; reoi'eot -from

the White :;e:t nreas whiere there is F rtecord number' of cloud&

throiw;hout the joitr (thi ear, monthly numbor ia 9)9 to ibeI ~ ~vrtually cloudlessi Turkmeniistatn and Cen1.raa1 *#i in general.,

wiare oloud nr'nv ia, Jul2y -comes to O.*2mQ.4 twVn tile wiater

spr1.n,:', odisylays tht' greatft vari~ty of-~fors. folti4

I lp



I'statistical processing of the altituden, forms, and number of

olouds separately for the Various region@ in 1964-1%5 should

yield a very comprehensive desoription of the olouds. It will

probably be possible to find statistical methods (this idea

has already been applied to climatology by S. A. 3aposhnikova)

of reducing such "ultrashort" series of observations to long

ones in order to obtain statistically supported climatological

data.

The great variety of topography in the Soviet Union provides

exceptional opportunities for observing the cloud forms of

mountainous regions - lee waves, lentioular cloud*, banner oloud,

etc. These observations are particularly valuable in that they

throw light (*aedie it wtf piobim ane to=enor bas iu904
of the clouds is used 130) on the dynamic processes and delicate

structure of the field of air motion over mountainous terrain.

Of practical importance too are observations of frontal cloud

systems over mountainst sharpening of fronts, development

meanwhile of cloud systems both in thickness and in extent,"

rainfall intensification, eto. (of. 131). The advance of a

* cold front is much more pronounced in mountainous than in

plains regions. Convective clouds over mountains also have

many structural peculiarities C23, They disintegrate apid.ty

If they originate at very high and "oold" levels, oontzraivise

Sthey become more inteaoe under the ixflienoe of ,Wue4 t"ww4 j1
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I and uneven heatir. of the ulope' (1i, p. 1313). These featursi

are important in efforts to modify clouds, for they indicate

the part of the clouds in which to introduce the reagent and

the method to be used.

e pointed out several times tat the niorostwuotuze (drop

size spectrum, shape and siie of orystala constituents of dif-

ferent crystals, water oontent, condensation nuclei) of clouds

has been fairly well studied in recent years. Borovnikov

[l1 chapter 2) notes that aerologists, mostly in the Soviet

Union, have made a major contribution to this field. The micro-

structure of cirri and the spectra oC the larger (r3C. 2001p.)

drops - an important transitional stage to rain drops - has

btOelve4 less attention. U1ovever, wiZc!phsieists ar" *on-.

fronted with a much more important problem, that relating to

the theory of the processes of drop coagulation (Brownian,

turbulent, et. £333) and to the theory of the propagation

of a orystallization front in a cloud [43, i.e., the maoro'soop-

ic theory of influencing olou4s. Clearlyt experimental ven-

fioastion of these theories in the near future will

have to be baed on siorostru ture observations. It will be

remembered, howver, that great proress wa made in the SovAet

Union during the International Geoplsical Year In studying

the chemistry of pr c iptatio, oluds E34]0 and condensation

[nualeit resulting In Jovlot Dlaf'1este SainIng the leaderehip J

woe0



i"n this field. This work must be oontinued, for it 'provides

highly useful information on the origin (sea, industry)' and

properties of the luolei..

There is no doubt that the process of precipitation forma-

tion should likewise be in the forefront of. attention by in-

vestigators in the IYQS. Nere the probleme' connected with the

organisation and plan of the work are mor*e ocomplioated because

it is not a question of systematic network observatione,

airplane asoents, radar data, toe but of ind 4.vidual research

based on different ideas involving the use of theoreti.oal,

laboratory, and other methods. It in difficult to draw up

a work plan for 1964-1965o the 1,*.re so since it will have to

take into account the findings of foreign scientists during

the next one or two years.

Observations on the optic and electric properties of clouds

constitute a speoial chapter. Although the most recent work t3

by haze causes a marked drop in temperature, condensation, and

then the formation of a cloud, the optio properties of haze -

the condensation nuclei - shorld be studied in relation to

the possible composition of the particles, relative humidity,

etc. (This has been proposed to the ACY by Tashkent Univeroty

in particular). The radiation properties of olouds, chiefly

-*n different parts of the infrared speotrua require detailed

!* 1 -



1'experimental inveltigation, now'that the theoretical found&-

tions have oan laid (of, above). Ve expect a good deal of

new information will be obtained by future weather satellites

on the forms, temperatures, altitudes, andp perhaps, micro-

structure of clouds. The American Tiros I and 1I have shown

that this is a highly premising approaoh. A weather satellite

would not fulfill its assignment, if it Veo restricted to

simple phot graphing of clouds.

Little attention was paid durin the past two decades

to the electric properties of clouds and their effect on *on-

densation and coagulation. The sitvnation has now changed,

and theories have been advanced on the charging of small

drops (35, 363 and on the interaction and coagulation of in-

dividual charged and uncharged drops 4hioh show that this

effect can be significant, although it is not yet clear how

it "functions" in the aggreojtion of drops in a real cloud.

A little information has been obtained on charges of different

site drops in a cloud (37). These observations ought to be

expanded (there should be available a small 'number of air-

planes for this purpose) and a laboratory check made to de-

termine how the process of electric drop coagulation takes

place. This might lead to the elaboration of a new method

(main or auxiliary) for treating olouds, long the dream of

Luoh prominent geophysicists as V. V, Obolenskiy.
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Another problem which mighT be approached the same way "

(although it is not one of the main tUsks of the LCY) is the

division of a cloud into areas of positively and negatively

charged drops, i.e,, the structure of a thunderstorm oloud

and the origin of discharges therein)., These observations

should also be taken in oumulonimbi., Sinc, the latter are

dangerous for airplanes, the work started in the U.,,3.R. to

devise an olootroradiosondo(of. [38). should be vigorously

pushed forward, although it is not likely to be widely used in

the near future.

The IYqS will naturally entail the development of many

new methods of observation, particularly radiofoostion (which

now enable us to observe the miorostruoture as well as the

turbulence and ri4wed tift in eloud.) and photographic meth-

ods, which are helpful in desoilibing convection, wave processes,

effect of mountains on currents and olouds, eta, The most

difficult to develop will be method of observing the structure

of cirri- from pressurised airplanes and molsture in the upper

troposphere and stratosphere. About the latter we still know

less, perhaps, than we do about the atmospheric osone, Sere

even such indirect data on moisture as observations. on the

dissemination of bands of cirri (bancs of gradually evaporating

crystals) and disintegration of condensation traoes behind

-Ajirplane* may be useful.
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The SOO,+ of this artola "doea n.t permit us to dieouss "I

in g .eater detail the orpnization of observations in connection

with the IYQS, in which networks of ground (Inoluding mountain,

ship, and arctie) and aeorolc.ioal statione will have to take

part, It is easy to predict that the airplane will be the

mP.joir tool of the ACY, both the high-flying plane making upper-

air or horizontal soundiags and the ordinary plane with an

experienced aerclo#ist aboard. Investigations of characterist-

io titet ol.s (frontal oloud systemo, extensiv layere of wave

oloudef conveotive olouds) will oftea require high-speed and

"concentrated" eimultaneous observati.ri by en etire network

in 4 oertaln region fop several days at a signal from some

synoptic center.. Following the example of the IGY, such ob-

servations can be called "alerts".

All this work, as already noted, will serve at the same

time as the Soviet oontribution to the IYQB soheduled for

1964-1965. A great deal of aerological material .will be

collected simultaneously throughoutthe world along with

observations on the composition of the atmosphere, ozone, etc.,

not to mention ionospheric and other data. This new mass of

geophyoical observations will be another important addition

to our knowledge of the structure of tho ,arth's atmosphezr,
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ST. TL~IC~iCII Z~ALICSOF ZMh~ H[ORTZON.O-L 00O1.ONIMN
OF JflMD V3&OCITY ATl ALTITUDZS OF 6 TO 12 )OM

-USSR-m

/tlollowingin is translation of an article by
N. Z. Pinus of the Central. Aerolo~ical Obser-

vatoxy in the Rusian-1acrnguage Variodical Iz-
vestijyA Akadsmii Naulc SSS-1 SeryO eofizi--
0 dl-;( xL- 0'6-n-e of
the US~SR, Geophysical Ser!.es), 1,o. 1, Mobscow,

January 1.963, pages 1.77-1.82; thesorioinal
article ,.as submitted on 1.3 Augu t 1462]

Abstract: This article gives the results of' ex-
perimental investigations -' spatial flutctua'.
tiorne of the horizontal ccmponent of wind vel-
ocity at altitudes of 6 to i.2 km, the correla-
tion coefficients and spectral functions %%d
and their iiathea~atical Y~rox-*nat ion. It is
shown~ that the "meinus 5/1'lavtt is correct for
s,.;alee of horizonta3 r'otions to the order of
several. tens of ki1.omie ars.

txperimertal investigations of the frequency char.,
acteristics of the horizontal component ot wind velop~.
ity have bean made until now rimearily in the surface
layer of air, Such Lavestigav3.ons in the f2ree atm'os-
phere involve cons-Iderable. systematic and instrumental
difficulties, especially in the upper troposphere and
lower stratosphere because there they can be made
only on aircraft fHying at great velocity. l4breover,
-the use o-- acoustic (sonic) and inclinometer-,'pe
anemometers is at this time possible only on aircraft
flying at a velocity of up to 250-300 W ahour.

The only method which makes it possible to m~eas-
ure the direction and velocity of the horizontal com-
ponent of the wind with sufficient accuracy duringw
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flit hts on h!,0_s,ad aircraft is the use of Joopler
systemts in combination rith a higrhJy precise instrument
recording the air speed of the fiircraft. Doppler systems
Make it possible ,,ith a high decree of accuracy to dater-
mine the air speed and drift of tChe aircraft. .J knowing
these values it is possible to easily compute the ind
velocity and direction. The ossibilitie3 of this :method
have been described in /It 2].

By using the aircraft i)op'ler set in comibination
with the aircrallt speed indicator the author obtained
data on wind velocity a~nd direction at altitudes of 6 to
12 1cm measurad t.ith due accuracy, at points in space
3 to 4G1c dietant frort one another.

The rmcasuwing Apparatus was installed in a TU-104
and the neasurements were made in Ior-izontal flight in
"areas" not less than 200 km in length. : -pariental
flights iere made in the spring., ?f 1960 in the Faer ast
and in the 7ilnter of 1962 in various regions of ,-he temi-
perat06e latitudes o-Af the uropaan part of the Soviet 1.ki-
on. .Xrinz- this entire pariod a total of 115 experimental
flig,.hts 1200.16m "areas") were success3fully made. The maj-
ority of the expariaiental flights iwere at altitudes of
9 to 10 ka.

TMe o'beervational data were used to compute the stat-
istical characteristics of the~ spatial fluctuations of
the horizontal co-.7p1onc-xit of wind velocity. The degree of
general disturbance of the field of wind velocities was
estimated using the generally accepted value

where u' is the tuirlilent tulsation of the horizontal
co:nponent of wind velocity and :3 is the mean TAnd veloc-
ity :!or the "arma t t.

Comptations have 5hwn that at altitudes of 6 to
12 1km and with wid velocities exceedin4 50 to 60 1au/hour
the value VJ chmigges in rather broad l.izts.- from, 0,05 to.
0030. Zhe vartical distribution of 1# first increases
with altitude and has a peak in the atra-ospherio layers
7.5-8.5 and 9.5-10,5 lan and then rather sharply decreases.

Of equal importance %7as the determination of the
correlain and spectral characteristics of the sp --ia.
fluctuations of the horizontal co-,ponent of wrind velocity
at altitudes of 6 to 12 km. Thie computation of the cor-
relation cofiinswhen the pulsations of Twind vaoj



cit are considrred a a~ Statioatary rando:l )rc-a

R (A) lx (2)

"7as dona Aith a l'Idinek..Vt e].eetronic coiputer, 4bperi.
:cmta3. stmidard.ized correl.ation co-,:ffjcients iere group-
ed 6y al.titudes and then~ averaged.

W ~~ ArmI~z

4;
ta Corl-o £ -. iir L

Coo.4llte

7+051, ,2 M4115b ,9

1*,1 8,2 0,1100136,6 L~ 1,3

la SI.3 the dqpeacrt Iii 1%(-.x) a~id L,, is
Choi,: Cor aife~~lti.~tudes. It can bcv seen that
thare Is an aI'i'osl- rigo rois lineat fnpendaace bet ie m



Fthese values. This makes it -possible to a proximate the
experimental standardized correlation coefficients by
the expreasion

R(A) M s sp- a" (3)

Table I qivms the coan values 0( ezi 0 computed from
the data in Fig. i.

As might be egpected, thar. is a definite dependenoe
between the values x andI (Fig. 2): with an increase
of disturbnnce of the field of wind velocities there is
a decrease of the value eK -that is, the correlation co-
efficient in thic case decreases more slowly with an in-
cre.,Ae of A x.

al

4"

.-. g. 2. epandence of the value A. on the degree of distWbm
ance of the field of wind velocities (W).

A knowLed-e of tho, value % mltaes it possible to deter.
mine the correlation radius I+ for the stationary random
function u'(x), that is, the distance &x at uhich an ap-i
prteiable correlation is maintained between the values
u'(x) and u'(x + 'x) The values (x) and

are given, in Table 1. It can be seen that even on an aver-
age 1. can attain I0O. 15 kMi.

V ' mean value utz is determined by the contribution
.fthe fluovuations of the horizontal component of wind



v~elocity of different frquen.-i . in. depe.ndeiica on thel
lnature of the .ield of fhuttiato'v-S t.e determined fre-
quencies wi. J nle the maximtum oAribu tions and thus to
a considerable degree determine ut', whereas the influ-
ence of fluctuations of other frequencies riLl be insig-
nificant. This car, be seen from the spectral density of
energy distribution S(Sl), being a Yo'.ier transform for
the co-relation coafficient R(A x).

4 '?
4

Pig, 3. Ou-nes of the stwidardized spectral density for
altitudes of 6 to 12 ku. I -- 7, 2 -- So 3 .- 99 4 -- 10p
5 -- IL kM.

It follows from (3) that the standardized spectral
df,,rnity of energy distrilbution is

Lt As)w A AS 5

X

stud ccan be represented in thra for 4
__3



s (n)- L~ Cos 0Ad(z

shr is snatiai - re~uerncy, in our coraputa-
tin ... nn ra4, nr/b,

4O

4

4,oIM 'sIV

15-j
rS, Y:1 I

ir h CL: clouadr with, %7, 3 -- onitside
cloued1 I.?it'

Ict folois 'roum (6) that the stand.xidized spectral.
d~iyof nnr, ;r Oistribution -Eo 'he horizont~ com-

pont o-A' -ind velacity ir, defir'.cd by the c-rpretsiont:
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Figj. 3 ohows '.-urvas of thie atandardized spectral.
dlensity -Zor di f".-rent -~L-itudes, coriputed by using (7).
'11e e~r alcurv (A,) do not cover the part o!
'the spectnun for th2 hsigh freq~uencies. This is the re-
auit of a peculiarity of the described methoc'. Zor jrieas-
urement of wind vel.ocity and direction aboard an air-
cra~ft eouipped 'Tith a !.Opnl1er system~.

'te. nature olf -'-he ourvos Sf)is naturally deter-
mined by the valuex . 'Uith a decrease of a( (increase of

V)in the spect-.um oZ the randon~ function the winall fre-
* oaanciss assume -:,reat wiht and the curve, of spectral

density is exte~nded up-uard; but with zin ino.Y.ease of 0(
(decreasa o.Z Y), on tha other hz-nd, the curve is flatten-
ed.

Graph 3 s~o:., that chavigen of u" are deter-iined
T~,rnarily by chN-AA,,s in the co-,ntribution of fluctuations
;f t~he horizontal copntof w7ind velocity writh fre-
c.,uncies r6- lass than 10-J-rad/kn.

An analysis of ...ig. 3 al si th~at there in the follow-
ing approximate dependence betwe~n the spectral. density
of energy distribution 4(0I) and freq~uency&:

corresponding to the FcKrororov-0bukhov "12/3 law" 0~,4.
T..l-e1 ivas -he rce~n values of the power n for differ-

ent. altitudes. 3ince. the sca:le, of turbul.ent miotions is

L (9)

it therekore follo,,;S that the " -dxwus 5/3 law". as foll-
own £ro-i- Fig,. 3; is corect for -the horizontal compon-
ent of vnirnd volocity -,ith soales of -.ojiion to the order
of several. tens of hilor,-.ttera.

DurinZ the erin r- lights there was3 in somie
cases a lawnninL o~f the TU-lO0i. aircraft, most com-only
during Rlig;hts .within or dir-_ctly at the- upper boundary
of Ca clouds.* The bumpiN-' of thea aircra,.ft isfor the
most part ce.:scd by vaiacnI gusto of air of atmosphqr-
ic cdisturbances of ral,,tively hierh frequeciest!5, 6V.

It is un~doubtedly o:Z interest to clarify te pecul-
iarities ot the distriwition of spectral density of
£3uctuationa of the lvorizonta1. component of wind velo-
city in zones o2 the at.io s.phcre in Ohich aircraft bump-
ing occurred. At tlhe zsane ti-Ite it should be re:,.Ambered
th-;t in a coudl~ess atmaosphere. the horizon~tal extent of
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Fsmnes with aircraft bumpng is 5 to 6 time shorter tef -

the length of the "area" which we seloeted for the ex-
pikrimental flights. The latter is comparable only with
tin none of bmpin in Os aloud$.

The intensity of atosphsric turbulence causing the
bumping of aircraft was eat ed from the scale giveM
in Table 2,

haracteristics Intensity of Roe of increases
of aircraft turbulency of aircraft oveW-
bumping in units Loa" in fract a8

of g (9.81 m/4e4)

Cailm, flight 4 <0.05
Slight btnAln
ftsderate bmp021-.0
Strong bumping 0* 5.1-1.00
Voiry srorAW (storm) > 1.00

charateristics a Intensity RO' LOa1 3 t
of flight con- of air- U
ditiOnS craft k/br

,T Os clouds bI?? 13.8 0.135 0.1891 0.95 5.2In as clouds s 170 o.140 0.0500 1.02 20.0iOtid clouds a& 16.0 0.267 0,0245 0,95 40,9

This table shows that the correlation coefficient,
wben there is moderate bumping of the Tu-I04 aircraft, in
characterized by a smaller value of the power c4 mks%

Scseof weak bui 4Naf the aircraft. The values u ,
are a s case L srt are.

lg. 41 shows the curves of spectral density for *or-"
relation coefficients described by the data in Table 3.
As cm a seen, for moderate aircraft bumping the curves
S(,f) .e greatly elongated upward in the rejion of small
frequencies.

he data cited still do not give the necessary in-
formation on the relations between the fluctuations of
the horisontal and vertical components of wind velocity

let altitudes of 6 to 12 ka. We will investigate this
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