EHEPIYIA CYHYEBOT BETPA

[

D. Sc. Milan Radovanowc
ing. Milan Stevanéevué
Dragoljub Strbac”

360pHuK paaoBa Kib. 52

Feorpacbckn wHCTMTYT “JoBaH LiBujuh” CAHY
Collection of Papers V52

Geographical Institute "Jovan Cvific” SASA

MPUNOr NPOYYABAHY YTULIAJA EHEPIMIE CYHYEBOT BETPA
HA ATMOCOEPCKE NPOUECE

A CONTRIBUTION TO THE STUDY OF THE INFLUENCE OF THE ENERGY OF SOLAR WIND
UPON THE ATMOSPHERIC PROCESSES

Ha‘ocHosy camenumckux ocmampa-
Ha napamMemapa cyHyeeoza eempa, kac U
ysudoM y passoj odpeheHux epemeHCKux
cmakba, yo4YeHo je Oa rbuxose UHMepak-
mueHe sese Mo2y UMamu BaXHy ynoay Ha
paasoj amMocehepckux npoueca. Y pady je
dam npuxa3 jedHe makee cumyauuje. Moky-
wanu cMo Oa yKaxeMo Ha Usy3semaH 3Havaj,
KonuKo Ham je noiHamo, Hogoe memodorno-
WwKoe npucmyna, y pasyMmeearby paisoja
Memeoponowkux ycnosa. Ycmpaxusarba
ymuuaja cyH4e802 éempa Ha npoMeHe cma-
Hba y ammocehbepu Mo2y ce passujamu y eu-
we ripagaya, anu y ceakoM cnyvajy, 3a Ha-
pedHe Kopake HeornxodaH je Mynmuducyu-
nnuHapHu npucmyn. Karen Labitske in Ger-
many has done a lot of research in this area.
"“The physics /_s still highly speculative at this
point though"

YBop

Mo aobujarby NpeUX pe3yntaTa CaTeUTCKUX
Mepersa NapameTapa CyHueBor setpa (Solar
wind - SW), 3anaxeHo je aa y oapeheHnm
yCcnoBuMa, OH MOXe uMat BuTHOr ytuuaja
Ha aTMocdepcke npouece, OQHOCHO Ha Kpe-
Take Ba3aylwHUx Maca. CaTenuTcka Busyen-
Ha 1 MHPpPaUpPBeHa OCMaTPaH:a, Kao 1 enex-
TPOMarHeTHa MepeH-a, Mokasana cy Aa Kpe-

According to the satellite observing of
solar wind, and as well according the deve-
lopment of certain weather conditions it is re-
alized that their interactive connections could
have important role on the development of
atmospheric processes. In this paper is given
several of such situations. We have tried to
point to a very important significance of new
methodological approach in understanding
development of meteorological conditions.
Researching the influence of the solar wind
on the changes of conditions in the atmosp-
here could develop in several ways but in
any case for the further steps a multidiscipli-
ne approach is needed. "Karen Labitske in
Germany has done a lot of research in this
area. The physics is still highly speculative at
this point though” .

Introduction

After obtaining the first results of the satelli-
te measurements of the parameters of solar
wind (SW), it has been noticed that in cer-
tain conditions, SW can exert decisive influ-
ence upon the atmospheric processes, na-
mely, upon the movements of air masses.
Satellite observations in the visible (optic, vi-
sual) and also in the infrared wavelengths,
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Take 3eMarsCkKux BETPOBa, NOANEXY U 3aKO0-
HAMA AenoBarba MarHeTHOr Nova 3emibe.
Ja 6u ce nctpaxune moryhe Be3de HaBege-
HWX npoueca W pesyntata AoGujeHnx Bw3y-
€NHUM CaTeMTCKUM N MHOPaUPBEHUM Me-
perMMa, CNpoBeaeHa je MeTporolwKa u Teo-
percka nposepa, ytvuaja eHepruje SW Ha
atMocdepcke npouece. [lobujery pesynraTi
cyrepvwy fa je SW, jeaan oa v3y3eTHo Ba-
MHUX MOAnPUKATOPE, KOju HEMa oarosapa-
jyfm TpeTMaH npe csera y CMHOMTUYKOj Me-
Teoposrorvju. YUnHn ce rotoBO HeeepopaT-
HWM A3 je PacronoXnBa nuTepaTypa u3 ose
o6nacti jako oCKyaHa, Tako Aa Ccy 3a oBaj
paa, y Hajpehoj Mepu kopuiwhieHn oarosapa-
jyhm nuHKoBW ca uHTepHeTa. Ha jeaHoM on
HWX, Y1jU CE CaapKaj Y U3BeCHOj Mepu oa-
HOM U HA 0By TeMaTuKy, Croju aa: "The
physics is still highly speculative at this point
though".

OTBapame MarHetocdepe

Kao WwTo je no3Hato, npuctMiarbe SW je
CTanaH npouec, anu Ce Herosv napamerpu
Yy PasnMuuTUM BPEMEHCKWM WHTEpBanuMa
MeHbajy. Kapa BMCOKO eHepreTcke dectuue
SW, ctBopeHe npouecuMa Ha CyHuy, aAonpy
Ao MarHetocgepe 3emre, oHe ca CoboM Ho-
Ce N 3HaTHYy KONWYMHy eHepruje. Y cnydajy
Aa MHTEPnNaHeTapHO MarHeTHo noske uma
CMEp KOju je CyrnpoTaH cMepy reomMarHeTHor
nosa, Aonasy A0 HUXO0BOr Cnajarba, OAHO-
CHO MarHeTcke pyKoHekuuje. NPUNuKoM Hu-
XOBOI (Najama, Tj. MarHeTCKe pUKCHekuuje
oTBapa ce MarHetocdepa v omoryhasa yna-
3aK vectMua SW y atmocdepy. Taga je Bex-
TOP MarHeTcke uHAyKuuje uHTepnnaHerap-
HOI MarHeTHor Nosba yaMepeH npema jyry v
CYNpOTaH jé BEeKTOpYy MarHeTcke MHaykuuje
3emmse. Mecta ynacka SW y atMocdepy 3e-
Mrbe, Hanase ce Hajyewhe Ha BUCUHM Of
120 po 150 km, npwbnmkHO u3Hag 65. cre-
neHa MarHetocgepcke WnpuHe.

3a BpemMe MUPHOr MarHeTHOr NosbLa
u "Hucke" akTmBHOCTM CyHua, ueHTap 3a-
nagHWx epata nMa npubnnkHe reorpagdcke

M. Radovanovic, M. Stevancevic, D. Strbac

and also the measurements of electromagne-
tism, have demonstrated that the movement
of winds on Earth is influenced by the Earth's
magnetic field. To explore the possible links
of these processes with the satellite optical
and infrared measurements, a metrological
and theoretical verification (checking) has
been undertaken, to see how SW could influ-
ence the atmospheric processes. The results,
acquired thereby, suggest to us that SW is
one of the very important modifiers, which,
however, is not treated accordingly in human
science, particularly not in synoptic meteoro-
logy. It seems almost incredible that the ava-
ilable literature about this field is so meager;
for our paper, we had to rely on the appro-
priate links found on the Internet. On one
such link, whose contents are related partly
to our topic, there is a comment; "The
physics is still highly speculative at this point
though".

Opening of the Magnetosphere

As is well-known, the arrival of incoming SW
is @ continuous process, but its parameters
change in various time intervals. When the
partides of SW, created by the processes in
the Sun, amrrive at the magnetosphere of
Earth, they carry with them a considerable
amount of energy. If the interplanetary mag-
netic field has the direction opposite to the
direction of the geomagnetic field, the two fi-
elds link up, which is known as magnetic re-
connection. At such time, the magnetosphe-
re opens, allowing an entrance of SW partic-
les into the atmosphere. Then the vector of
magnetic induction of the interplanetary
magnetic field is aimed to the south, opposi-
te to the vector of the Earth’s magnetic in-
duction. The places where the SW penetra-
tes the Earth’s atmosphere are, generally, at
altitudes between 120 and 150 km, and ge-
nerally above the 65 degrees of magnetosp-
heric latitude.

In the times of quiet magnetic field
and low solar activity, the centre of the we-
stern door has approximate geographical co-
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koopanHaTte 100° W 1 65° N aok ce ueHtap
UCTOYHMX MarHeTochepcknx Bpara, Npuenu-
XHO Hanasn Ha koopavHaTtama 80° E n 70°
N (cn. 1).

ordinates 100° W and 65° N, while the cen-
tre of the eastern magnetospheric door is fo-
und at approximately the coordinates: 80° E
and 70° N (Figure 1).

Figure 1. The map of most frequent positions of magnetospheric doors and paths of global and regio-
nal SWs

l Magnetospheric doer I

Reglonal

Global movement

3a BpemMe MarHeTHUX Bypa 1 CHaXHWUX
SW nonasv Ao npoMeHe nokauuja MarHeToc-
depaux Bpata. Crener HUXOBOr OTBaparba
KOHTPOMULLE FEOMArHETHO MOMbE, @ UHTEp-
NNaHeTapHO MarHeTHO noroe, oapehyje Me-
CTO 1 BpeMe +bUXOBOIr OTBaparba. SW ynasu
y amocdepy 3emrbe, y 0BAMKy CTpyjHOr
Mnas3a u kpefie ce Ay reoMarHeTHUX NHK-
ja, oA MarHeTHOr Nona npeMa MarHeTocgep-
CKOM ekeatopy. [a 64 reoMarHeTHoO nosbe
[enoBano Ha KpeTae BETPOBA, HEONXOZHO
je nocTojarbe CNOBoaHOr eNeKTPUYHOr onTe-
pehersa y BasgywHWM Macama, Koje Cy 3a-
xBaheHe BeTpoBMMa. KWHeETW4ka eHepruja
SW ogpefyje ao koje he marHetocthepcke
LUMPUHE BONPEeTH HeHe vectvue., Ha kpeta-
He CTPYjHOr MNasa AejcTByjy Ase cune, u To
rpaguTaumoHa cMna U MarHeTHo nosLe 3e-
M/Be. YnackoM y rywhe cnojese atmocgepe,

movement of
proton wind

But during the times of magnetic
storms and stronger SWs, locations of mag-
netospheric doors change. The degree of
their opening is controlled by the geomagne-
tic field, while the interplanetary magnetic fi-
eld determines when and where they will
open. The SW, in the form of a jet stream (a
jet flow) of particles, enters Earth’s atmosp-
here, and advances along the geomagnetic
lines, from the magnetic pole to the magne-
tospheric equator. For the geomagnetic field
to affect the movement of winds, the moving
air masses must posses free electric charges
(must be electrically charged). Kinetic energy
of SW determines to which magnetospheric
latitude the particles will reach. Motion of the
jet stream is influenced by two forces, na-
mely: Earth’s gravity and Earth’s magnetic fi-
eld. When the jet-stream of particles enters

ENERGY OF SOLAR WIND
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CTpyjHM Mna3 3axeaTta BeasgywHe Mace u the denser strata of the atmosphere, it (the

cTBapa “3emanscke” serpose. Mecto ynacka stream) affects the air masses, creating

SW yBex je obenexeHo norbeM MakcvmanHe “Earthly” winds. The point of entry of SW is

6p3vHe. always marked by the field of maximum ve-
locity.

Figure 2. A representation of SW direction, and of the field of maximum velocity of air masses in the
upper layers of the atmosphere

Direction of solar 50 m/s
wind 40 m/s Ficlds of maximum velocitics
of air masses

Figure 3. Example of chemical composition of SW
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MarHerocdepa 3emne U rnobanHo
KpeTatbe Ba3fyLHUX Maca

YnackoM y MarHetocdepy, yectyue SW ce
kpehy y 06nnKy CTpyjHor Mnasa. Onaaarsem
KUHETUYKE eHepruje u ycnea Aenosarka rpa-
BUTaLMoOHe cune, SW ce cnywTa npema no-
BpLWMHU 3emrbe. 'nobanHo KpeTare Basfy-
WHMX Maca, BPLK Ce NoA AEjCTBOM 4ecTuLa
SW, Manor eHepreTckor ontepehera, mane
Mace u Benuke 6p3vHe, Npy YeMy je ueHTap
BPTNOXHOCTW MarHeTHu non. Y nojeauHuM
Cny4ajesnma, Takea KpeTarsa AoCexy Ao re-
OMarHeTHe exeaTtopujanHe pashu. [ocToje
[Be BpCTe:rnobanHux Kpetarsa BasaylwHWX
Maca U To ¥petare NoA AEJCTBOM MPOTOH-
CKOI ¥ KpeTaH-€ NoA AEjCTBOM ENeKTPOHCKOr
SW. Oea aBa rnobanHa BeTpa Cy CynpoTHUX
cmeposa. Cmep Kpertarba, oapeheH je enex-
TPMuHMM ontepehereM BazaylwHMX Maca u
TPEHYTHOM NONap13IaLMjoM  reoMarHeTHoOr
norea. fpaeay rnobGanHor Kpetarba Basgy-
WHMX Maca, koje cy 3axBaheHe uectvuama
NPOTOHCKOr SW, nMa cmep og 3anaga npemMa
WUCTOKY W npeacTa|iba 3anagHo CTpyjake y
MarHetocepckmM  koopavHaTama. [pasay
rnobanHor KpeTarba BasAylWwHUX Maca, Koje
Cy 3axpafeHe YyecTyuama enekTpPoHCKOr SW,
AOMVHAHTaH je y eKBaTopujanHoM nojacy u
MMa CyrpoTaH CMep, OAHOGHO O WCTOKa
npema 3anagy. CatenuTcka ocmatpara ¢y
nokasana, Aa Ha ceBepHOj xemncdepu, ae-
ByjaLmje BETPOBA NOANEXY 3aKOHY JieBE 3a-
BOjHMLIE, WTO yKa3yje Aa je enekTpuyHo on-
Tepehere BasgywWwHUX Maca NPOTOHCKOr Ka-
pakrepa. Ha jyxHoj xemmncdepu, aesmjauvje
BETPOBA MMajy cMep AecHe 3aBojHuue. Cme-
poBu AeBMjaLMje BETPOBA Ha ogroeapajyhum
nonynonTama, npeacraersajy yHaameHTa-
NaH AoKa3s O enexkTpuyHOM onTepenery Be-
TPOBA M yTUUAjy reoMarHeTHOr nomka Ha
HMXOBO KpeTarbe. bes 063upa aa v ce pa-
AN O NObUMA HUCKOr WU BUCOKOr Basay-
WHOr NpUYTUCKA, rNOGANHO KpeTar-e Basay-
LIHMX Maca je, y NpyHUMNYy, yBeK of 3anaaa
npeMa MCTOKy, NOA AEeJCTBOM KMHETUuUKe
eHepruje rnobanHor NPOToOHCKOr SW. Y reo-
MarHeTHOj eKBaTOPMjanNHOj PaBHU 3eMarbeKe
marHeTocdepe, KpeTarwe Ba3fylwHWX Maca

Earth’s Magnetosphere, and Global Mo-
vement of Air Masses

When they enter the magnetosphere, SW
particles move as a jet stream of particles.
As they gradually lose their kinetic energy,
and are affected more and more by gravity,
the SW descends towards the surface of the
Earth. Global motion of air masses is influen-
ced by the SW partides; these particles pos-
ses (each one of them) small amounts of
energy, small mass, but high speed, and the
center of their whirlpool motion is the mag-
netic pole. Occasionally, their motion will re-
ach the geomagnetic equatorial plane. There
are two kinds of global motions of air mas-
ses, namely: under the influence of protonic,
and, under the influence of electronic SW.
These two global winds go in opposite direc-
tions. The direction of movement of air is de-
termined by the electric charge of the air,
and, by the polarity of the geomagnetic field
at the moment. The direction of the global
movement of air masses, when influenced by
the protons of the SW, is from west to east,
so it constitutes a western stream in the
magnetospheric coordinates. But when influ-
enced by the electrons in the SW, which will
be dominant in the equatorial belt, the air
masses will go in the opposite direction, from
east to west. Satellite observations have
shown that, on the northem hemisphere, de-
viations of winds are controlled by the law of
the left spiral (left helix), which suggests that
the electric charge of the air masses is of
protonic character. On the southern hemisp-
here, though, the deviations of winds are in
the direction of right-hand spiral. These two
directions of wind deviations on the two he-
mispheres are a fundamental proof about
the electric charge of winds, and about the
influence of the geomagnetic field on their
motion. Regardless of air pressure (high, or
low), the global motion of air masses is, ge-
nerally, from west to east, because of the ki-
netic energy of the global protonic SW. In
the geomagnetic equatorial plane of Earth’s
magnetosphere, the motion of air masses is,
always, generally, from east to west, becau-

ENERGY OF SOLAR WIND
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YBeK je, y NpuHUMNY, O WUCTOKa npemMa 3a-
nagy, noa AejCTBOM @MeKTPOHCKOr Mnasa
SW. Y reorpadckvmM koopavHaTtama, Ha Te-
puTtopuju EBpone, no cpeau je jyrosanaaHo
KpeTare (360r Tora WTo Ce MarHeTochep-
CKa KOOpAMHATHA Mpexa He nokiana ca re-
orpagCckom).

PernoHanHo kpetare Ba3fywHMX Maca
noa yruuajeM SW

Mpy cHaxHVM CTPYjHUM Mnasesuma SW, go-
nasv A0 pervoHanHor oTBaparea MarHeToc-
depe. O CTpyjHM MNnasesu, Takohe umajy
BPTNOXHY KAPAKTED, @ CMEp Aesujauuje, y
nHepuujanHoM cucteMy pedepeHuuje, oape-
heH je, kao WTo je TO seh peveHO, eHepreT-
CkvM onTepeherseM vecTua SW mn nonapu-
3aumMjoM MarHeTHoOr Norba. 360" BenuKe Ma-
Ce Y4eCTVL@ Pa3HMX XEeMWCKUX enemMeHarta,
6p3vHa SW 6pxe onaaa, Hero koa rnoGan-
HOr CTPYJHOr Mna3a, ca cse Ay6/buM Npopo-
POM NpemMa NOBPLLUXHK 3eMibe,

PervoHanHa otsaparba MarHeTtocde-
pe, MOry yTWULIaTH Ha Harsie NpoMeHe CUHON-
TUUKUX CUTYauumja, Kao WiTO ce TO AoroAwno
27. okrobpa 2002. r. Taga je nog AejcTBoM
penatusHo 6p3or SW, Qowno AO OTBapama
MarHeTocepe Ha nokaumjyu waHag Ucnaqpa,
fa 61 ce kacHuje oTBaparse npowvpuno 31.
OKTO6pa n3Han Espone, ayx 65 crteneHa ce-
BepHe MarHerocdepcke wvpuHe (en. 4). Ha
MCTOM MECTy, OTBaparbe marHerocepe Ao-
roamno ce v 30. HoseMBpa 2002. r.

M. Radovanovic. M. Stevancevic, D. Strbac

se of the jet of SW electrons. In European
geographic latitudes and longitudes, the ge-
neral movement of air masses is south-we-
stem (because the magnetospheric grid of
coordinates does not coincide with the geo-
graphic grid of coordinates).

Regional Motion of Air Masses under
the Influence of SW

When the jet streams of particles of SW are
strong, there will be a regional opening of
the magnetosphere. These jet streams also
have a whirlpool (vortex) character, and the
direction of the deviation, in an inertial
system of reference, will be determined, as
we already mentioned, by the load of energy
that the particles carry, and by the polarity
of the magnetic field. Because particles of
various chemical elements in Earth’s atmosp-
here are much heavier, the speed of SW (the
more it penetrates toward the surface of the
Earth) decreases more quickly than the
speed of the global jet-stream.

Regionai openings of the magnetosp-
here may be the cause of sudden changes of
the synoptical situation, as, for instance,
happened on the 27% October of the year
2002. That day, under the influence of a re-
latively fast SW, the magnetosphere opened
on a location over Iceland, and by the 31
October the opening had spread to over
Europe, along the 65 degree of northern
magnetospheric latitude (Figure 4). At the
same location, the opening of the magne-
tosphere happened on 30% November 2002,

Collection of Papers N° 52 (2003) pp 1-18
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Figure 4. Image of one magnetospheric door where SW entered the Earth’s atmosphere
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Ynackom y aTtMmocthepy, SW 3axBaTta
xafHe nonapHe Ba3ayliHe Mace n NOTUCKY-
je ux npema jyry, creapajyfm Harne npome-
He BpPeMEeHCKMX CTarsa. CBOJMM xmMapoavHa-
MUYKUM MPUTUCKOM U BEIIMKOM KUHETUYKOM
eHeprujoM, SW je npeko dpaHuycke, 4ocneo
no Cpepo3eMHOr Mopa, rae je noa AejcrsoM
MarHeTHOr NOMa CKPeHyo NPemMa 1CToKY.

MehyTtuM, 9. HoBemMbpa 2002. r. go-
nasm ca CyHua cneaehu Tanac SW, koju je
610 TaKBOr KapakTepa, fa je U3HeHaaa 3a-
TBOPUO MarHeTHO noree, Of Tor TpeHyTKa,
NPecTano je AGjCTBO CeBEPHUX XNagHWX Ba-
3AywHMX Maca, a y Esponm ce cTBopuMna Ho-
Ba CMHOMTUYKA CyTyaumja. 3aTeapan-e€ mar-
HeTHor norba 6unoO je Tako Harno (UHTep-

0.5 pinholes AP OBL 1 2

Entering the atmosphere, SW attacks
the cold polar air masses, pushing them so-
uthwards, which will cause sudden shifts in
weather. By its hydrodynamic pressure, and
also by its great kinetic energy, SW advan-
ced over France, and reached the Mediterra-
nean, where, under the influence of the
magnetic field, it turned eastwards.

However, on 9" November 2002, from
the Sun arrives the next wave of SW, but, of
such nature that it suddenly shut the magne-
tic field. From that moment, the action of
cold northern air masses stopped, and in
Europe a new synoptic situation was created.
The dosing of the magnetic field was so sud-
den (the interplanetary magnetic field was

ENERGY OF SOLAR WIND
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NNAHETAPHO MarHETHO Mo/bE je MMano cMep
npema cesepy), Aa j@ TPEHYTHO MPeKnHyno
ynasak SW Ha npocrope usHag ceeepHe
Espone. Aujarpam 5. n 6. nokasyjy kapakre-
pucTnke SW. MpecTaHkoM ynaxerwa SW,
npecTaje Kpetame Ba3AywHMX Maca ca ce-
Bepa. 3a TO Bpeme, Ha YMTaBoj CEBEPHO]j xe-
Mucepwn octajy camo “nonyorsopeHa” Mar-
HeTtocdepcka Bparta u3Hag KaHage, Koja ce
HWKaAa He 3aTeapajy y noTnyHocTH, 6e3 ob-
3¥Pa HA CTEMNEeH 3aTeapakba MarHeTHor no-
/pa. Kpo3 3anagHa MarHetocdepcka epara,
noume da ynasv SW senukux 6psuHa, anm
Marne eHeprvje n mane mace, Y TpeHyTky 3a-
TBapara MarHerocepckux spara, SW je
noeehao 6p3vHy ca 360 Ha 400 km/s. Tako-
He, nosehana ce eHepritja NPOTOHCKOr SW.

directed northwards), that it instantly cut off
the entry of SW into the regions over Nort-
hern Europe. Diagrams (Figures) 5 and 6
show some characteristics of this SW. When
it stopped, the influx of cold air from the
north stopped. In that period of time, on the
entire northem hemisphere only one magne-
tospheric door remained, and even that one
was only “half-open™: the door over Canada.
This one door never closes completely, re-
gardless of the degree of dosing of the mag-
netic field. Through the western magnetosp-
heric door, SW of great speeds (but low
mass and energy) began to come in. At the
moment when the magnetospheric door
shut, the velocity (speed) of SW increased
from 360 to 400 km/s. Also, the energy of
the proton SW increased.

Figure 5. SW density diagram”
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the SOHO Spacecraft, The Proton Monltor (PM) is one of
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Figure 6. Diagram of two hours average values of protons in the SW
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Oujarpam 6. nokasyje eHepreTcko on-
Tepeherse yectua SW.

Oa marHeToCcepckux Bpata na Ao
ynacka y ropwe cnojese atMocdepe, 6p3u-
Ha SW ce Harno cMarbyje. Ha ocHoBy noaa-
Taka fobujeHnx ca METEOSAT-7 WIND, 3a-
NaXeHo je Aa ce Ha MecTy ynacka CTpyjHor
Mnasa vectuuya SW, crteapa 8asaywHo nombe
B&/MKnX 6p3nHa. Ha npoctopumMa v3Hag
ATnaHTMKa, Ha BuaMHM of 13.7 km, SW je
33xBaTMO BasAyllHE Mace v Npow3BEeo Be-
Tap, unja je 6p3nHa Ha MeCTy ynacka y rop-
e cnojese arMochepe, um3Hocuna 193
km/h. 360r senuke 6p3vHe pocexe Qo exsa-
TOopujanHor nojaca, rae 3axsata TPoncke Ba-
34ylWHe Mace U ycmepasa Ux npeMa Esponu.
Ha bankaHy ce Taaa nojasbyjy "n3HeHagHo"
TONAM BETPOBW, KOjU AWXY TEMMNepaType Ha
Heyobu4ajeHo BUCOK HMBO 3@ 0BO A06a ro-
AnHe. KpeTarbe eHepreTckux vectuua SW y
roprnM CnojeeuMa atMochepe, 6uno je y
Bsvay ase peke (cn. 7). JeaHa je "texna" on
3anapa npema wuctoky (B), a aopyra og
ATnaHTCkor oxeaHa Ao bankaHckor nonyo-
ctpea (A). Y onwTeM cnydajy, 6pavHa 1 ay-
XMHa PeKe 3aBUCHU OB KUHETUUYKE eHepruje
SW. HakoH onagarba KUHEeTuYKe eHepruje,

Figure 6. shows the energy load of
SW particles.

From the magnetospheric door, to the
point of entry into the upper layers of at-
mosphere, the velocity of SW is rapidly dec-
reasing. On the basis of the data obtained
from the METEOSAT-7 WIND, we notice that
at the point of entry of the jet-stream of SW
particles, an air stream, very fast, is created.
Above the Atlantic, at the altitude of 13.7
km, the SW attacked the air masses and pro-
duced a wind whose speed, where it entered
the upper layers of atmosphere, was 193
km/h. Because of this great speed, the wind
reached equatorial belt, influenced the tropi-
cal air masses, and directed them towards
Europe. Then, in the Balkans, “suddenly” the
warm winds began, raising the air tempera-
tures to the levels unusual for that part of
the year. The motion of the SW particles in
the upper layers of the atmosphere had the
form of two rivers (Figure 7). One “river” flo-
wed from west to east (B) and another “ri-
ver” flowed from the AHantic ocean to the
Balkan Peninsula (A). Generally, the velocity
and length of such a river depends from the
kinetic energy of SW. As the jet-stream of
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CTpyjHn ™Mna3 udectmua SW nog aejcreom
rpaBMTaUMoOHe Cune 1 3aKOHa MarHeTHor no-
/b3, CnywTa Cce npeMa nosplUWHK 3emrbe,
TpajekTopujy cnyiuTaka npeacTasna 3asoj-
HUUA y 06nuKy neBKa, 4Mju je wupu Kpaj
OKpEHYT NMpeMa rope.

YanMmajyhn y ob3mp, fa ce gonasak
SW mOxe npeasvaeT Ca BenkoM TaqHo-
why, TO je no3Hasawe napamerapa WHTep-
NNAHETAPHOr NO/bA, Of U3y3eTHE BaXHOCTU
33 AaBare BPEMEHCKUX NporHo3a. Tako ¢y
catenmTcka ocMatparba op 24. HoBembpa
2002. rogvHe, ykasana ga noctoju moryh-
HOCT MOHOBHOr OTBapakba MarHeTHOr MoMba.
Y oBOM cnyudajy, Ha CyHuy je yo4deHa Kopo-
HapHa pyna, a MareMatnuku npopadvyHu cy
nokasanu, Aa he ce Hahu y recedexTuaHoj
nosuumju, namehy 27 n 28. HoBemb6pa, Kaaa
he ce ynymmi ka 3emrbM penatmBHO 6pan
SW.

SW particles loses its kinetic energy, and,
controlled by gravitational force and by the
laws of magnetic fields, descends to Earth,
its trajectory of descent is a funnel-shaped
spiral, with the wider part tumed upwards.

We can predict the arrival of SW very
accurately. For this reason, knowledge of the
parameters of interplanetary field is very im-
portant for weather prognosis. For instance,
the satellite observations on 24" November
2002 suggested that the magnetic door
might open again. Namely, a coronal hole
was noticed on the Sun, and the mathemati-
cal calculations showed that it would enter a
geoeffective position between 27" and 287
November, when a relatively fast SW would
start its journey to Earth.

Figure 7. Directions of movement of SW particles the upper atmosphere”
White arrows symbolize the northern and the southern atmospheric “rivers”.
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Figure 8. Sun photographed by a spedal electronic camera which uses extreme ultraviolet
wavelengths, 284 A

[obuvjeHn pesyntamm cy ykasveanu,
fa he Ce oTBapare MarHeTHOr nomka Aoro-
avTV n3Hag YicnaHaa, anv ga he ce kachuje
NpoWMPATN U3HaA4 uyuTase 65. esponcke
MarHetocepcke wupuHe, TO je HaroeecTu-
NO Aonas’ak xNaaHuxX NONapHWUX Ba3AyLHWX
Maca v Harno 3axnaljere, mocne Tonnor Mu-
XObCKOr NETAa, Koje je Tpajano oa 9. HoBeM-
6pa, 4O Kaga je MarHeTHoO no/e M3Hag
EBpone, 6uno noTnyHO 3ateopeHo. [llocne
nepuoaa penaTmMBHO Ayror 33TBOPEHOr Mar-
HETHOr MoOsba, NPopayyHW Cy Mokasanu, Aa
OTBaparbe MarHeTHOr Moba Tpeba OYekvBa-

The results indicated that the opening
of the magnetic field will happen over Ice-
land, but will later spread over the entire
European 65% degree of magnetospheric lati-
tude. This meant the arrival of cold polar air
masses, and a sudden drop in temperature,
after a warm “Indian summer” which existed
since 9thy November (when the magnetic fi-
eld over Europe closed completely). Calcula-
tions showed that, after a relatively long pe-
riod of closed magnetic field, an opening
should be expected on 30" November, in the
early morning hours.

* Processed SOHO EIT 284 Image at 01:06 UTC on November 29.
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TW Y pPaHUM jyTapreuM vacoemma 30. HoBeM-
6pa.

AKTUBHOCT KOPOHapHe pyne ocMoTpe-
Ha je 27. HosemOpa. bp3n SW niabaueH ca
CyHUa, KpeHyo je npema 3eMieM y paHnM jy-
TapruM yacosuMa 28. HosembBpa 2002. ro-
AvHe (an. 8). bp3avHa SW kpeTana ce op 466
no 562 km/s. Mpayn ynacun vectmua SW y
atMocdepy 3embe, jasunu Cy Ce, Kao wro
j& 1 O4YeKUBaHO, Yy PaHUM jyTapHuM Hacosu-
ma 30, HOBeMEpPa, a MakCMMyM je AOCTWUIHYT
OKO 21 4ac uCTor AaHa. YnackoMm y MarHe-
ToCdepy, AOWNO je A0 PerroHanHor OTBapa-
Ha MarHeTHOr Norea, CeBepHo oa Wcnanaa.
SW koju je npogpo Kpo3 0Ba pervoHanHa
MarHeTocepcka BpaTa, 3ano4yeo je ceoje
KpeTarbe npeMa jyry, rae je npecexkao ce-
BepHy aTMocdepcky pexy SW n3Hag dpan-
uycke 1 HacTasno Aa ce kpehe npema Cpe-
[O3eMHOM Mopy. Ty je "npecekaoc” U jyKHy
arMocdepcky peky, Koja je aoHovna ayro
TONNO Bpeme. [loCTUraBwM A0 CEBepHUX
obana Adpuke, CKPeHyo je mpema wCTOKy,
cteapajyfm nesy BpTROXHOCT y Cpeposem-
HOM MOpY. Y WUCTO BpemMe, oTBOpuna Cy ce
WCTOYHa W 3anaaHa MarHeTtocdepcka Bparta.
SW Kkoju je npoApo Kpo3 3anagHa MarHeToc-
depcka BpaTa, 3axsBaTuo je aTnaHTcke Ba-
34ylWHe Mace W CTBOPUO BENKY OBNaqHOCT
u3Hag Exrnecke u Lnanuje. CnywTajyhm ce
ca BycrHe o oko 120 km w3Haa TepuTopuje
KaHage, ywao je y ropwbe cnojese atMocge-
pe, u3Haa ATNaHTCKOr OkeaHa, rae je Ha Bu-
CvHW oA 13,7 km u3a3eao nosehake Gp3viHe
Ba3fdylWHMX Maca of 36 m/s. Mehytum, npe-
CeLlabeM CeBEepHEe WU jyxHe aTMocdepcke
peke, NpecTao je CBakuM yTvuaj 3anagHvx
MarHeTochepckux Bpata Ha epeme Ha ban-
KaHy. WctouHa marHerocdepcka spata, koja
Cy Ce OTBOpWNa Mare Hero 3anagHa, vMasna
Cy 3HaTHOr yTuuaja Ha TemnepaType y cese-
poucTouHoM geny Espone. Ty je aowno Ao
crnylwTara TeMneparypa, Koje ¢y 4aneKo Wc-
noa MeceuHor npoceka. SW Ko je ywao
KpO3 MUCTO4YHA BpaTa, 3axsaTvo je xnagHe
nonapHe BasgyllHe Mace W yCMepumo ux npe-
ma Esponu, aoHocefm Benmko 3axnaherse,

W nopea Tora WTO je MarHeTHa eHep-
rmja osor SW 6una seoMa Mana, na je v

M. Radovanovic, M, Stevancevic, D. Strbac

The activity of the coronal hole was
spotted on 27" November. Fast SW, ejected
from the Sun, started on its journey to Earth
in the early morning hours of 28" November
2002 (Figure 8). The velocity of SW was bet-
ween 466 and 562 km/s. The first entries of
SW particles into the Earth atmosphere hap-
pened, as expected, in the early morning ho-
urs of 30" November, and the maximum was
reached around 21 hours that day. As this
SW penetrated the Earth’s atmosphere, a re-
gional opening of the magnetic field happe-
ned, to the north of Iceland. The SW pushed
in, through this regional magnetospheric do-
or, and started moving south, where it cut
through the northern atmospheric river over
France, and proceeded to the Mediterranean.
There it also “severed” the southern atmosp-
heric SW river, which was bringing warm we-
ather for such a long time, and, reaching the
northern coast of Africa, turned east, crea-
ting a left-directed vortex over the Mediterra-
nean. At the same time, the eastern and the
western magnetospheric doors opened. The
SW which penetrated through the western
magnetospheric door began to infiuence the
air masses over the Atlantic, creating thick
cloud-cover over England and Spain. Descen-
ding from an altitude of approximately 120
km over the territory of Canada, it entered
the upper layers of the atmosphere, over the
Atlantic ocean, where at an altitude of about
13.7 km it caused the air masses to increase
their velocity to 36 m/s. However, because
the northern and southern atmospheric ri-
vers were cut, the western magnetospheric
door lost any possibility of influencing weat-
her in the Balkans. The eastermn magnetosp-
heric door, having opened less than the we-
stern door did, continued to influence weat-
her over north-eastern Europe strongly.
Temperatures fell, in that geographical re-
gion, to levels far below the November ave-
rage there. This was because the SW that
entered through the eastern door pushed the
cold polar air masses southwards, to Europe,
producing a great fall in temperature.

Although the magnetic energy of this
SW was very small, so that the European re-
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EBpPONCKO PernoHanHo oTBapare MarHeTHOr
norea 6uno cnabo, unak ce Moxe pehn, aa
je TO NPBO jaye perMcHanHO OTBaparLe Mar-
HeTHor nosba og 9. Hoeembpa 2002. roguHe,
KOje je npecexno Tokoee obe ammocdepcke
pexe. Ca HayuHOr CTaHOBUWITA, 3Hauaj OBoOr
pernoHanHOr OTBapara je y TOME, WTo ce y
nepuoay oA 9. go 30. HoBembpa, nocne npe-
LUM3HO AePUHUCAHUX CUHONTUYKKX CUTyaLm-
ja y 3eMarbCkOM W UHTEpNaHeTapHOM Npo-
CTOpY, MOrna jacHo carneaaTn NoBe3aHoCT,
OAHOCHO MERNyY3aBUCHOCT 3eMa/bCKe Of WH-
TepnnaHeTapHe CUHOMTUUKE cUTyaumie.

[a 6n ce SW Morao nojasuin Kao je-
nad oa 0BHUX MoAudUKaTOpa pa3soja
BPEMEHCKMXACTaHa, HEONXOAHO je HaBeaeHy
NPemoCcTaBKy, A0KAa3aTM Ca AOBO/LHO pe-
NPE3EHTaTMBHUM HM3OM MOHAB/bLAHA HaBe-
AEHWUX Y3POYHO — nocheauuyHMx Beda. Y
OBOM TPEHYTKY, PaCcrnofiOXuBKA CTaTUCTUYKK
Matepujan, Kao u CaTenuTcka OCMaTpama,
Cyrepully Ha penatuMBHO YeCTy 3aBUCHOCT
pa3eoja aTMocdepckmx npoueca og SW.

MaremMaTnuka U eneKTpoMarHeTHa pas-
Marpara

Kao mepuno 3a ogpehueare creneHa OTea-
para MarHetocdepe, KOpPUCTM Ce NonapHu
yrao n WUHTEH3UTET Bz KOMMOHEHTEe WHTep-
MN3HETapHOr MarHeTHor noska y GSM cucre-
MV.

National Oceanic and Atmosferic Ad-
ministration y ceom 6unteny Space Weather
Now fnaje CBakoAHEBHO CTaHe WHTepnsaHe-
TapHOr MarHeTHOr Norfka, y KOMEe nopea
OCTanor U3HOCU N 06jalliH-eH-€ KOMNOHEHAaTa
WHTEPNNAHETAPHOr MarHETHOr NO/ba, Kao W
HWXOB 3Ha4aj 3a MOryhHoOCT OTBapaksa reo-
MarHeTHOr No/ba M NojaBa MarHeTHUX Gypa.
MepHe pe3ynTate WHTEepnnaHeTapHor Mar-
HeTHOr no/bka u SW, moryhe je pobumm vy
CBaKOM TPEHYTKY, Y GOpMM KOja je npukasa-
Ha y Tab. 1.

gional opening of the magnetic field was
small also, we see that it was the first signifi-
cant opening of the regional magnetic field
since 9" November 2002, and the flow of
both the atmospheric rivers was cut by SW.
From the scientific point of view, the impor-
tance of this one regional opening is, that in
the period between 9% and 30" November,
after defining precisely the synoptic situati-
ons on Earth and in the interplanetary space,
it was possible to see clearly the link (the in-
terdependence) of the two synoptical situati-
ons: the Earthly one and the interplanetary
one.

If we are to show SW as one of the
main modifiers of weather, the above-descri-
bed assumptions must be proved by a suffi-
ciently representative series of repetitions of
such causal links. At the time of writing of
this paper, the now-available statistical ma-
terial, and the current satellite observations,
suggest that such a dependence of atmosp-
heric processes from SW occurs rather often.

Mathematical and Electromagnetic
Considerations

As a measure for determining the degree of
magnetosphere’s opening, we use the polar
angle and intensity of the Bz component of
the interplanetary magnetic field in the GSM
system.

National Oceanic and Atmospheric Ad-
ministration provides each day, in its bulletin
Space Weather Now, the status of the inter-
planetary magnetic field, with, among other
data, also the explanation of the components
of the interplanetary magnetic field, and ex-
planation of their importance for the possible
openings in the geomagnetic field, and also
of magnetic storms. It is possible to obtain,
at any moment, the measurements of the in-
terplanetary magnetic field and of SW, in the
form shown in Tablet 1.
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Tab. 1. Quantitative parameters of SW on 7% December 2002°

Magnetic Feld
(Based on GSM coordinates)

Plasma

Total Held, B : 9.1 nT

Speed, V : 584 km s

Field in x-direction, B, : 6.9 nT

Temperature, T : 2.5e+05 k

Feld in y-direction, B, : -5.5 nT

Density, n : 9.1 particles cm

Feld in z-direction, B, : -2.4 nT

Pressure, P : 5.2 nPa

Latitude angle, beta : -15.2°

Angle, theta : 105.2°

Kana komnoHeHTe Bz wuHTEeprnaHe-
TapHOr MarHeTHOr no/fba WMa HEraTUBHY
BPEAHOCT, Taaa Cy UHTEPNNAHETapHO W reo-
MarHeTHoO noe CynpoTHUX cmeposa. [1o-
napHv yrao Phi je yrao, wameRhy sexTopa
MarHeTHe MHAyKuMje UWHTepraHeTapHor
MarHeTHOr norba 1 Oce reOMarHeTHOr Nomba.
Kana NonapHn yrao gocTurHe BpeaHoCT Be-
hy oa 90 creneHn, 3anouuvibe OTBapahse
MarHeTocgepe 3ewbe. Taga Aonasu Ao Cna-
jaa uWHTEpnnaHeTapHor W reoMarHeTHOr
nosea, Tj. MarHeTcKe pukoHekuwie. BexTop
MarHeTcke MHAyKuuje UHTepnnaHeTapHor
MarHeTHOr NorLa, y ToM CIy4ajy, je ycmepeH
NpeMa jyry U CynpoTaH je BEKTOpY MarHeT-
CKe nHayKumje 3emrse.

fpetnocrasuMo ga SW wma enek-
TpyyHO ontepeherse q 1 Macy m 1 aa je 6p-
31Ha Ca KOjoM ynasm y ammMocgepy 3eme V,
O3Ha4Y1MMO MarHeTHy MHayKumMjy 3emroe ca B.
Pa3moTprheMo ABa excTpeMHa cnyyaja 1 To,
xana je 6p3avHa SW V napanenHa ca BexTo-
poM MarHeTHe uHgykuuje B v apyru, Kapa je
6p3vHa SW V, HOpManHa Ha BEeKTOpP MarHeT-
He uHaykuuje 3emrbe. Kapa je 6pauHa SW
napanenHa Ca BeKTOPOM MarHeTHe MHAYKUM-
je, eneKTpomarHeTHa cuMna Koja Aenyje Ha
SW je

F=qVxB=0

Taga je kpeTare SW nNpaBonuHUICKO

"Latest Solar Wind Values Created: 2002 Dec 07
broadcast from NASA's ACE satellite.

M. Radovanovic, M. Stevancevic. D. Strbac

When the component Bz of the inter-
planetary magnetic field has negative value,
then the interplanetary field and the geo-
magnetic field are of opposite directions. Po-
lar angle Phi is the angle between the vector
of magnetic induction of the interplanetary
magnetic field, and the axis of the geomag-
netic field. When this polar angle attains va-
lue greater than 90 degrees, the magnetosp-
here of Earth begins to open. Then the inter-
planetary and the geomagnetic field begin to
unite: a magnetic reconnection starts. The
vector of the magnetic induction of the inter-
planetary magnetic field will, in that case, be
directed south, opposite of the vector of the
Earth’s magnetic induction.

Let us assume that SW has the elec-
tric load g and mass m and that the speed
with which the SW arrives into Earth’s at-
mosphere is V. Let us denote the Earth’s
magnetic induction with B. We will now con-
sider two extreme cases, namely: when the
speed of SW, V, is parallel with the vector of
the magnetic induction B and the other case,
when the speed of SW, V, is perpendicular
(at the right angle) to the vector of Earth’s
magnetic induction. In the first case, the
electromagnetic force acting upon SW will
be:

F=qVxB=0

Then the motion of SW is linear, de-

1048 UTC. The data are the Real-Time Solar Wind data
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W nopeg nNpuCyCTBa MarHeTHor nossa 3e-
MBe, Y OpYroM exCcTpeMHOM Cyyajy, Kaaa
je BexTop 6p3vHe SW HOpManaH Ha nuHuje
MarHeTHOr NorLa 3emsbe, enekTpoMarHeTHa
Cnvna Koja aenyje Ha yectuue SW je

F=qVxB

EnexTpoMarHeTHa cvna, Texu aa ca-
BUje TpajexTopujy dectuua SW. AKo npetno-
CTaBuMMO A3 je r TPEeHYTHU MONynpeyHnK
Tpajekropuje yectuua SW, oHaa je

mV2/r¥'h= qVvB

a NoNynpeYHuK TpajekTopuje SW je

r = mv/qB

Opaspe ce Buau, 4@ Kaaa je BekTop
6p3vHe SW HopManas Ha NvHUje MarHeTHor
norba 3emibe, TpajekTopuja dectuua SW je
Kpyr. Y npvpoaun, OBaxkBO KpeTare Yectuua
SW, Moxe ce jaBuTV CaMO y TPOMCKuM Kpa-
jeBMMa OKO exkBaTopa, rae jé MarHeTHO no-
/e Hajcnabuwje. [a 6yn aowno o Npoaopa
CTpyjHOr Mnaza uyectua SW Ha ekeaTtopy,
HMje NoTpebaH ycnos, Aa NocToju MarHeTHa
PUKOHEKUM]j8 MHTEpPNNaHeTapHOr W reomar-
HeTHor norea. OBae ce jacHO yo4asa BMCOKA
MaTeMaTiuKa npeun3HOCT UeHTpa BpTNo-
XHOCTU W NOBPLUMHE KPyra, Kao U U3pasuta
CUMETPUYHOCT CNMPanHor obnuka. TpeHyT-
HW NOMyNpeYHuK TpajeKTopuje CBuX BpTNO-
KHUX TPOMCKUX BETPOBA je:

r=mv/Qb.

Y EBponu, CamM1MM TM M Ha NpOCTOpK-
Ma bankaHckor nonyocTpsa, SW ynasu y ar-
mMochepy 3embe yBEK MNOA4 HEeKWM yrnoM
(sw, @ TO je yrao koju 3aknana 6p3vHa V ca

spite the presence of the Earth’s magnetic fi-
eld.

In the other extreme case, when the
vector of the speed of SW is perpendicular to
the lines of the Earth’s magnetic field, the
electromagnetic force acting upon the SW
partides will be:

F=qVxB

The electromagnetic force is trying to
bend the trajectory of the particles of SW.
Assuming that r is, at this moment, the radi-
us of the trajectory of the SW particles, we
see that

mV2r=qVB

while the radius of the trajectory of
SWis

r =mv/qB

From this we see, that when the vec-
tor of the SW speed is perpendicular to the
lines of Earth’s magnetic force, the trajectory
of the particles will be a drcle. In Nature,
such motion of the SW particles will be possi-
ble only in tropical regions, near the equator,
where the magnetic field is the weakest. Pe-
netration of jet-stream of particles of SW at
the equator can happen even without the
magnetic reconnection between the interpla-
netary field and the geomagnetic field. (Thus
such a reconnection is not a necessary con-
dition.) Here we clearly see the high mathe-
matical precision of the center of the vortex,
and the surface of the circle, and, also, we
see the strong symmetry of the spiral form.
The momentary radius of the trajectory of all
vortex-like tropical winds is:

r=mvV/gB.
In Europe, and consequently in all
parts of the Balkan Peninsula, SW penetrates

the Earth's atmosphere always at some an-
gle Osw, which is the angle that the speed V
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BEKTOPOM MarHetHe wvHaykuuje B. Bpavny V
MOXEMO PacTaBUTH Ha KOMMNOHEHTY VCosOsw
Y Npasuy MarHETHOr Mofba ¥ KOMMCHEHTY V
Sin@sw, HOpManHy Ha Npasay MarHeTHOr No-
na. Tapa ce pobuja, Aa je Tpajektopuja SW,
Tj. yectmua SW 3asOjHvua, rae TPeHyTHW
NONYNPEYHUK LMMHAPA, OKO KOra ce 3aBuja
S

r = mV sin Osw /qB,
a Kopak TpajekTopuje SW

d = 2 nr/V sinBsw x Vcos 0sw = 2n
m Vcososw /qB

MehyTuM, NPUNMKOM KpeTara o6naka
yectnya SW Kpo3 atMocpepy, Aonasv Ao
YCNopaBarba U CMarbeba 6p3vHe V, a ¢ TM
M [0 CMarberba NoMynpeyHunka r. 3ato Tpa-
jexTopuja SW, koa Kora ce cMmambyje 6paviHa,
Huje uunmuHaap, seh ce SW 3aeuja oko nes-
Ka, Ynjn je wmpn Kpaj, Kao WTo je peh peue-
HO, OKpeHyT npema CyHuy.

SAIBYYAK

Ha OCHOBY V3NOXEHOr, MOXE Ce 3aKbYqnTH,
fa 61 u3ydaeare eHepruja Yectuua SW u
MarHetHor noska 3emrbe, Morfa npepcra-
B/LATU HOB HAY4HW MPUCTYN W Kbyd 3a pas-
yMeBare 0ApeNEHNX KpeTarba 1 eHeprija y
atmocdepu 3embe. OCHOBA 33 TEOPUICKO W
MaTeMaTUUKO pasMatparbe O KWHETUUKOj
eHepruju dectuua SW, kao eHepruju ogpe-
THeHux BasgywHUx CTpyjara Ha 3emnon, 6a-
3upa Ce Ha oOTBapawy MarHetocdepe nog
AEJCTBOM WVHTEPNNaHeTapHOr MarHeTHOr Mo-
/b3, Kojum ce omoryhaea ynasak uectuua
SW y atMocdepy 3embe U 3aKoHuMa reo-
MarHeTCcKor norba. MCTpaxuearba Cy nokasa-
na, Aa Ce KpeTakse Ba3gywHWX Maca splue
MM Ha PadyH KMHETUUKE eHepruje yectuua

M. Radovanovic, M. Stevancevic, D, Strbac

makes with the vector of the magnetic induc-
tion B. We can separate the speed V into one
component, Vcosesw , in the directon of the
magnetic field, and the other component, V
sindsw, perpendicular to the direction of the
magnetic field. Then the result will be, that
the trajectory of SW (which is, the trajectory
of the SW particles), is a spiral (helix), where
the momentary diameter of the cilinder aro-
und which the SW is spiraling, is

r = mV sin 0sw /gB,
while the step of the trajectory SW is:

d = 2nr/Vsinosw x Vcos 0sw = 2n m
Vcososw /qB

However, when a cloud of SW partic-
les is moving through the atmosphere, the
speed V is gradually reduced (which means:
the particles are slowing down), and, conse-
quently, the radius r becomes smaller. For
this reason, the trajectory of SW, the speed
being less and less, is not a cylinder, but rat-
her a funnel, and the SW is winding itself
around this funnel, whose wider end, as we
mentioned, is turned towards the Sun.

CONCLUSION

On the basis of the above, we may conclude,
that a study of the energies of the SW partic-
les, and of the Earth’s magnetic field, could
be a new scientific approach and key to the
understanding of certain motions and energi-
es in the Earth’s atmosphere. The basis for
the theoretical and mathematical discussion
about the kinetic energy of the SW particles
(solar wind particles), and also about certain
air currents on Earth, will be the opening of
the magnetosphere under the influence of
the interplanetary magnetic ~field, which
(opening) allows the entry of SW particles in-
to the Earth’s atmosphere, in accordance
with the laws of the geomagnetic field. Rese-
arch has shown, that motion of air masses is
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EHEPIVIA CYHHEBOr BETPA

SW 1n1 Ha padyH pasnuke eHepruja sasay-
WwHux Maca. Mpwu oTBapary MarHerocdep-
CKux BpaTa, 6p3uHa BeTpoBa y atMocdepu
3emrbe pacre Ca nopacToM BUCWHE U au-
peKTHO je nponopuuoHanHa noseharsy
eHeprvje yectnua SW. [lobnjenn pesyntarti,
6a3upajy ce Ha cnegehuM Mare MatmuxkuM,
€/1eKTPOMarHeTHNM U METEOPONOWKNM Ca-
3HarbuMa:

1.LleHTap BPTNOXHOCTU FNOBaNHMX
BETPOBA jé MarHeTHW non, a ueHvap BpT/Io-
HOCTY perMoHanHor BeTpa je aoavpHa Tad-
Ka TpajexTopuje SW ca nosplvHOM 3embe;

2. MarHeTocgepcke koopauHaTe Mory
npeacTas OCHOB 3a NMpuMeHy marema-
TUYKUX jeaHaYMHA, Koje onucyjy TpajeKTo-
puvje KpeTara Ba3fylwHUX Maca;

3.CMep KkpeTara Ba3dylWHWMX Maca
oppeheH je nonapu3aumjoM MarHeTHWX no-
nosa 3em/ibe N NONapU3aLMjOM EHePreTCiKmX
yecyua SW y 3aBUCHOCTN Off eNneKTpUYHOr
ontepehersa. CBM BETPOBK CTBOP@HU A€j-
CTBOM yecTvu@ SW, 6uno aa ¢y rnobantm
WK pervoHanHW, vMajy BPTNOXKHU Kapak-
Tep. Ha cesepHOj xemucdepn, KpeTare Be-
TpOBa KOjWU Cy CTBOPEHW Ha padyH exepruje
YecTuua NPOToHCKor SW, je ca cmepom y ne-
BO, @ Ha jyXHoj xemucdepn, cMep KpeTara
je yBek y gecHo, y nHepuujanHoMm cucremy
pedepeHuuje;

4.Kpetarbe BasfylWwHUxX Maca y art-
Mocepu 3emrse, Koje cy 3axsaheHe CTpyj-
HWM MNA30M YecTuua SW, noanexe 3akoHu-
Ma MarHeTHOr nosba W BPWK CA HA pavdyH
eHepryja 4YecTuua CTpyjHoOr Mnasa.

BUTHO je HanoMeHyTW, da nocToju
NPaKTU4YHO HeorpaHuyeH 6poj Moryhinx pas-
BOj@a BPEMEHCKUX CTarba, Y 3aBUCHOCTU Of
KapakTepa SW, kao n nocrojehe cMHONTY-
ke cutyaumje. CTude ce yTmcak, Aa je s3anpa-
BO HEONXOAHO YCTaHOBUTU KOMMKO YeCTo je
HaseAeHa nojaea NPUCyTHA TOKOM nojeau-
HMX MeCeLW, Kao M KOMMKO je MatemMaTuuku
jaka pesa mamely SW m nopemehaja y ar-
Mocdepn. 3a caga HaMm je no3Harto, Aa je
6poj Takeux nopemehaja og 6 - 10 y TOKy
jenHor meceua. Y ceum cniyyajesumMa (y 3a-
BMCHOCTU 0ff KapakTepa SW) aonasu go He-

done either at the expense of the SW partic-
les’ kinetic energy, or at the expense of the
difference in the energies of air masses
themselves. When a magnetospheric door
opens, the speed of winds in Earth’s atmosp-
here increases, at higher aititudes the more,
and is directly proportional to the increase of
the SW particles’ energy. The acquired re-
sults are based on the following mathemati-
cal, electromagnetic, and meteorological
knowledge:

1.Centre of vortex motion of global
winds is @ magnetic pole, while the centre of
vortex motion of a regional wind is the con-
tact point of the SW trajectory with the sur-
face of the Earth;

2.Magnetospheric coordinates may be
the basis for the application of mathematical
equations by which will be described the tra-
jectories of movement of air masses;

3. Direction of motion of air masses is
determined by the polarity of magnetic poles
of Earth and also by the pdlarity of the SW
particles, depending on their electric charge.
All the winds (global, or regional) produced
by the action of SW particles, will have a vor-
tex character. On the northem hemisphere,
motion of winds created at the expense of
the energy of SW protons will be directed
left, and on the southern hemisphere, this
same motion will be directed always to the
right, in an inertial referential system;

4.Motion of air masses in Earth's at-
mosphere, when caught by a jet-stream of
particles of solar wind, will be subject to the
laws of magnetic field, and will be carried
out at the expense of the energies of the
particles in that jet-stream.

It is essential to remark that there is a
practically unlimited number of possible de-
velopments of weather, depending on the
character of SW and on the previous synop-
tic situation. We get an impression that there
is @ need to establish with certainty, how
many times a month the above-described
phenomena happen in each month of the
year, and how mathematically firm is the link
between SW and disturbances in the at-
mosphere, For now, we know that there sho-
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MWHOBHWUX (Marenx win Behinx) peBuanja oa-
rosapajyfmx cuHonmTuukMx kapara. MNoce6Ho
je nuTare, KonuKo ¢y Ayro (y norneay Tpa-
jarsa) OHe umane yTviuaj Ha nogHebree. Jda-
Kne, N3NOXeHn matepujan, ykasyje aa ce
AOGWjeH 3aKUby{uM He M3BOAEe Camo Ha
OCHOBY jeaHor npumepa, eeh ga nocroje
yBepremse uHavKauunje, Aa ce pagv 3anpaso
O NOce6HOM MoAnMUKATOPY, KOjU HUje Ha-
3o 3aa0BOfbasajyhu TpetMaH y Mereopo-
norujn n KnuMmaronoruju, Takohe, pacnono-
XUBU MaTepyjan Hamehe 3akbyyak, Aa kana
aohe Ao orTeapara MarHetocdepckix Bpa-
Ta, cHara SW je rotoeo No npaevny TaKsa,
[a AVMKTVMpa HOBE BpeMeHcke ycnose, 6e3
ob63pa O KakeBoj NOCcTojeho] CUHOMTUUKO]
cuTyaumjh ce TPeHyTHO paav. Muwrera
CMO A3 MYNTUWAUCUMNAWHEPHK NpUCTYn, 3a-
CHOBaH NMpe CBera Ha aHanm3y KOMMNNEKCHUX
CaTeNATCKMX Meperba, MOXEe Aatu Aanexo
BULLE KOHKPETHUX AOKa3a O yTuuajy SW Ha
atmMocdepcke npouece, Hero WTo je To 6uno
RO capa.
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