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

Ha ocHosy camenumckux ocmampa-
Ha napamemapa CyH4Yegoe eempa, Kao U
ysudom y pa3goj 00peheHUX 8PeMeHCKUX
cmarba, YOo4yeHo je Oa HUX08e UHMepPaK-
mueHe ge3e Mo2y UMamu 8axHy yroey Ha
paseoj ammocgpepckux npoyeca. Y pady je
Oam npuka3s jedHe makee cumyauuje. Noky-
warnu cmo 0a yKaxemo Ha udy3emaH 3Haqayj,
KOJTUKO HaM je ro3Hamo, Hogoe Memo0orio-
WwKoe npucmyna, y pasymesarby passoja
MemeoporsowKux ycrosa. WMcmpaxueara
ymuuaja cyH4yeg8oe eempa Ha rnpoMeHe cma-
Ha y ammMmocghepu Moey ce pa3sujamu y eu-
we npasauya, anu y ceakom cryyajy, 3a Ha-
pedHe Kopake HeornxodaH je Mynmuducuyu-
nnuHapHu npucmyn. Karen Labitske in Ger-
many has done a lot of research in this area.
"The physics is still highly speculative at this
point though" .

YBopa

Mo gobujarby NPBUX pe3y/TaTa CaTeSIUTCKUX
Mepera NapaMeTapa CyH4eBor BeTpa (Solar
wind - SW), 3anaxeHo je aa y oapeheHum
YyCNoBMMa, OH MOXe uMaTn 6uTHor yTtuuaja
Ha aTMocdepcke npouece, 0AHOCHO Ha Kpe-
Tarbe BasdylHWX Maca. CaTenunTtcka Busyen-
Ha W MHdbpaLpBeEHa ocMaTpara, Kao U enek-
TpOMarHeTHa Mepeha, Mokasasna 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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Tarbe 3eMasbCKMX BETPOBA, MOANEXY W 3aKO-
HMMa faenoBarba MarHeTHOr nosba 3eMmbe.
[Ja 6u ce ncrpaxxune moryhe Bese HaBege-
HUX npoueca u pesynTtata AobujeHux Bu3y-
€/THUM CaTeNUTCKUM U UHdpaupBeHuM Me-
perunMa, CpoBefeHa je MeTposowkKka u Teo-
peTcka nposepa, yTuuaja eHepruje SW Ha
aTtmocdepcke npouece. Jobujern pesyntatu
cyrepuwy aa je SW, jenaH oa u3yseTHO Ba-
XKHUX MoaudmkaTopa, KOju HeMa oarosapa-
jyhm TpeTMaH npe cBera y CMHOMTUYKO] Me-
Teoponornju. YMHnM ce roToBo HeBepoBaT-
HWUM [a je pacrnonoxwuea nuTepaTypa U3 ose
obnacTu jako ocKyAHa, Tako Aa Cy 3a O0Baj
pag, y Hajsehoj mepu kopuwheHu ogrosapa-
jyhu nuHKoBM ca mHTepHeTa. Ha jegHom on
HUX, YMju ce caapxaj y U3BEeCHOj Mepu of-
HOCM M Ha OBy TeMmaTuky, cToju ga: "The
physics is still highly speculative at this point
though".

OTBapawe MarHetocgepe

Kao wrto je nosHato, npuctuzamwe SW je
CTanaH npouec, anu Ce HEerosBu napameTpu
Yy PpasnuyuTUM BPEMEHCKUM MWHTEepBaaMMa
Menajy. Kaga BMCOKO eHepreTcke 4yectuue
SW, crBopeHe npouecuma Ha CyHuy, aonpy
[0 MarHetocdepe 3eMsbe, OHe ca coboM Ho-
Ce W 3HaTHy KOMWYMHY eHepruje. Y cnydajy
[Ja WHTepniaHeTapHO MarHeTHo nosbe MMa
CMep KOju je cynpoTaH cMepy reoMarHeTHor
nosea, Aonasu A0 HUXOBOr Crnajara, O4HO-
CHO MarHeTcke pukoHekuuje. NMpuankom Hu-
XOBOI' Cnajarba, Tj. MarHeTcke puKoHekuwuje
oTBapa ce marHetocdepa u omoryhasa yna-
3aK yectuua SW y atmocdepy. Taga je Bek-
TOp MarHeTcke MHAyKUMje WHTepniaHeTap-
HOI MarHeTHOr Mosba YCMepeH npema jyry u
CYrnpoTaH je BEeKTOpy MarHeTcke uHAaykuuje
3emrbe. Mecta ynacka SW y atmocdepy 3e-
M/be, Hanase ce Hajyewhe Ha BUCMHM Of
120 po 150 km, npubnuxHo n3Hag 65. cre-
neHa marHetocdepcke WUpUHe.

3a BpeMe MMPHOI MarHeTHOr Mosba
n "Hucke" akTtmBHocTM CyHua, LeHTap 3a-
nagHux BpaTta uMa npubnuxHe reorpadcke

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 a continuous process, but its parameters
change in various time intervals. When the
particles of SW, created by the processes in
the Sun, arrive 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 1000 W n 659 N aok ce ueHTap
UCTOYHMX MarHeTocdepckmx BpaTa, Npubnu-
)KHO Hanasu Ha koopauHaTama 80° E un 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

Global movement
of proton wind

3a BpeMe MarHeTHWUX 6ypa U CHaXXHUX
SW ponasn oo npoMeHe fokaumja MarHeToc-
epckmx BpaTta. CTeneH HUXOBOr OTBapakba
KOHTPOJIMLLE FeoOMarHeTHO Mosbe, a MHTEp-
nnaHeTapHO MarHeTHO nosbe, oapehyje Me-
CTO M BPEMe HMXOBOr OTBapakba. SW ynasu
y aTtmocdepy 3emrbe, y 06auKy CTpyjHOr
Mnasa u kpehe ce Ay reoMarHeTHUX IMHK-
ja, oa MarHeTHoOr nona npeMa MarHetocdep-
CKoM ekBaTopy. [a 6M reomMarHeTHo nosbe
[lenoBano Ha KpeTarbe BETPOBa, HEONXOAHO
je noctojarbe cnoboaHor enekTpuyHor onTte-
pehersa y BasayllHMM Macama, Koje cy 3a-
xBaheHe BeTpoBMMa. KuHeTMuka eHepruja
SW oppehyje ao koje he marHeTocdhepcke
LUIMPUHE [OMpPETU HeHe yecTuue. Ha Kpeta-
He CTPYyjHOr Mnasa AejcTByjy ABe cune, U To
rpaBvTaLMOHa Cuna M MarHeTHo nosbe 3e-
M/be. YnackoM y rywhe cnojese atMocdepe,

Global movement of
electronic 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
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CTpyjHM Mna3 3axBaTa Ba3gylwHe Mace u the denser strata of the atmosphere, it (the
cTBapa "3emasrbcke" BeTpoBe. MecTto ynacka stream) affects the air masses, creating
SW yBek je obenexeHo nosbem MakcumanHe “Earthly” winds. The point of entry of SW is
6p3nHe. 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
wind 40 m/s Ficlds of maximum velocitics

of air masses

Figure 3. Example of chemical composition of SW

Solar Wind Elements/Isotopes Observed by CELIAS MTOF
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MarHetocdepa 3emsme u rnobanHo
KpeTame Ba3ayLHMX Maca

Ynackom y MarHetocdepy, yectnue SW ce
Kpehy y 0bnuky cTpyjHor Mnasa. Onagatbem
KMHETUYKE eHepruvje v ycnes Aenosarba rpa-
BMTaumoHe cune, SW ce cnywrTa npema no-
BpWMHN 3emrbe. nobanHo kpetarbe Basay-
LHMX Maca, BpLM ce noj AejCTBOM YecTuua
SW, manor eHepretckor onTepeherba, Mane
Mace n Benvke 6p3vHe, Npu Yemy je ueHTap
BPT/IOXXHOCTU MarHeTHU non. Y nojeanHum
crnyyajeBvMa, TakBa KpeTaka [0Cexy A0 re-
OMarHeTHe ekBaTopujanHe pasHW. [locToje
ABe BpcTe rnobanHux KpeTama BasAyLIHWUX
Maca M TO KpeTawe Nnoj AejCTBOM MpPOTOH-
CKOTI 1 KpeTarse Nnoj, AejCTBOM efleKTPOHCKOr
SW. OBa aBa rnobanHa BeTpa Cy CynpoTHUX
cmepoBa. Cmep kpeTarba, oapeheH je enek-
TpUYHMM onTepehereM Ba3fylHMX Maca u
TPEHYTHOM MOfiapM3auMjoM reoMarHeTHor
nosea. lMpasay rnobanHor KpeTakwa Basay-
WHMX Maca, koje cy 3axsaheHe uecTuuama
npoToHckor SW, nma cmep of 3anaga npema
WCTOKY W MpeAcTaB/ba 3anafHo CTpyjarbe y
MarHeTocdepckum koopavHaTama. [lpasay
rnobanHor Kkpetaka Ba3AylHMX Maca, Koje
cy 3axBaheHe yecTuuama enekTpoHckor SW,
[OMUHaHTaH je y eksaTopwuja/iHOM nojacy u
MMa CynpoTaH CMep, OAHOCHO Of WCTOKa
npema 3anagy. CatenuTcka ocMaTparba Cy
nokasana, Aa Ha ceBepHOj xemucdepn, ae-
BMjauuje BETpOBa MoAeXy 3aKOHY neBe 3a-
BOjHUUE, WTO yKa3yje Aa je enekTpu4yHo or-
Tepehere Ba3aylWwHMX Maca NMPOTOHCKOr Ka-
pakTepa. Ha jy>xHoj xemucdepu, aesujaunje
BETpPOBa MMajy cMep AecHe 3aBojHuue. Cme-
poBM AeBujaumje BeTpoBa Ha oarosapajyhum
nonynonTtama, npeacrae/mbajy dyHaameHTa-
NaH [oKas o enekTpuyHoM onTepehetby Be-
TpoBa W yTUUAjy reoMarHeTHOr nosba Ha
HUXOBO KpeTawe. be3 063upa aa nm ce pa-
AN O MO/bMMa HUCKOT WAW BUCOKOr BasAy-
LUHOM MpUTUCKa, rnobanHo KpeTame Basay-
WHMX Maca je, y NpuHUMNy, yBeK oA 3anaja
npema WCTOKY, No4 AEjCTBOM KUHETUYKe
eHepruje rnobanHor npotoHckor SW. Y reo-
MarHeTHOj eKBaTopujanHoj paBHU 3eMarbcke
MarHetocdepe, KpeTare BasdyLWHWX 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 particles; 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 northern 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-
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yBeK je, y nmpuHUMny, o4 UCTOKa npeMa 3a-
nagy, noa [AejCTBOM eneKTPOHCKOr Masa
SW. Y reorpadckvMm KoopavHaTama, Ha Te-
putopuju EBporie, rno cpeau je jyrosanagHo
KpeTarse (360r Tora wTo ce MarHetocdep-
CKa KOOpAMHaTHa MpexXa He nmoknana ca re-
orpaccKom).

PernoHanHo kpetame Ba3fyLlHUX Maca
nop yruuajem SW

Mpy cHaxxHWUM CTpyjHMM Mnasesuma SW, fo-
nasv A0 permoHanHor oTBapaka MarHeToc-
depe. OBu CTpyjHM Mnasesun, Takohe uMajy
BPT/IOXXHWU KapakTep, a cMep Aesujauuje, y
nHepuMjanHoM cuctemy pedepeHumje, oape-
heH je, kao wTo je To Beh peyeHo, eHepreT-
ckum ontepehereM yectuua SW v nonapwm-
3auMjoM MarHeTHoOr nosba. 36or Benvke Ma-
Ce 4YecTuua pasHMX XEMWCKMX enemeHaTa,
6p3vHa SW 6pxe onaga, Hero koa rnoban-
HOr CTpyjHOr Mfiasa, ca cBe Ayb/bMM npoao-
pOM MpeMa NoBPLUMHN 3eMsbe.

PernoHanHa oTBapara MarHetocde-
pe, MOry yTMuaTi Ha Harne npoMeHe CUMHOnM-
TUYKUX CUTyauMja, Kao LWTO Ce TO AOroAnno
27. oktobpa 2002. r. Tapga je noa AejctBom
penatmBHo 6p3or SW, gowno fo otBapaa
MarHetocgepe Ha fokaumju usHaa Mcnanaa,
Ja bu ce kacHuje oTBapare npowwupuo 31.
okTobpa n3Hag EBpone, ayx 65 creneHa ce-
BepHe MarHetocdepcke wupuHe (cn. 4). Ha
WCTOM MeCTy, OTBapake MarHeTocdepe Ao-
roguno ce u 30. HoBeMbpa 2002. r.

se of the jet of SW electrons. In European
geographic latitudes and longitudes, the ge-
neral movement of air masses is south-we-
stern (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.

Regional 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.
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Figure 4. Image of one magnetospheric door where SW entered the Earth’s atmosphere

Regional opening of
magnetosphere

One of the stream
lines of solar wind

Flus

Photons/{cm =gr=g)

31 Oct 2002 00:30:00 - 00:34:59

Energy range: 2-12 keV ( anode 1)p
EDMLT Lal.Long. increments [Deg.]: 1015

Ynackom y aTtMocdepy, SW 3axBaTa
X/1aAHe nonapHe BasdyLwHe Mace U NoTUCKY-
je nx npema jyry, ctBapajyhu Harne npome-
He BpeMeHCKUX CTarba. CBOjUM XuapoauHa-
MUYKUM MPUTUCKOM U BENIMKOM KUHETUYKOM
eHeprujom, SW je npeko ®paHuycke, AOCNe0
fo CpeaoseMHor Mopa, rae je noa Aejcteom
MarHeTHOr rnosba CKPeHyo npemMa WUCTOKY.

Mehytum, 9. HoBembpa 2002. r. go-
nasun ca CyHua cnegehun Ttanac SW, koju je
610 TakBOr KapakTepa, Aa je M3HeHaaa 3a-
TBOPUO MarHeTHO nosbe. Of TOor TpeHyTka,
npecrtano je AejcTBO ceBepHUX XNagHWX Ba-
34ywHUX Maca, a y EBponu ce cTBopuna Ho-
Ba CMHOMTWYKA CUTyauuja. 3aTBapare Mar-
HeTHOr nosba 6wMno je Tako Harno (MHTEp-

Morth Geographic pole © Sub satellite point
Livetime: 2953 All= 296 Re 5/C MLT= 092 §/C Lsh= 53.57
Run date = 2-Hov-2002 01:35:17.00 pix_moviebj plat. angle=

Center of PIXIE FOV
05 pinholes &P O0BL 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 closing of the magnetic field was so sud-
den (the interplanetary magnetic field was
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nJaHeTapHO MarHeTHO Nosbe je numano cmep
npema ceeepy), Aa je TPeHYTHO NPEKMHYN0
ynasak SW Ha npoctope u3HaA ceBepHe
EBpone. Aujarpam 5. 1 6. nokasyjy kapakre-
puctnke SW. TllpectaHkoM ynaxera SW,
npecraje KpeTare Ba3gylIHWX Maca ca ce-
Bepa. 3a TO BpeMe, Ha 4YMTaBoj CEBEPHO] Xe-
Mucdepn ocTajy camo "nonyoTsopeHa’ mar-
HeTocdepcka BpaTa M3Hag KaHage, Koja ce
HWMKaga He 3aTBapajy y notnyHoctu, 6e3 ob-
3Mpa Ha CTeneH 3aTBaparba MarHeTHoOr no-
/pa. Kpo3 3anagHa MarHetocdepcka Bpata,
nouvme fa ynasm SW Benukux 6pauHa, anu
Masne eHepruje u mane mace. Y TPeHyTKy 3a-
TBapara MarHetocdepckmux BpaTta, SW je
noeehao 6p3nHy ca 360 Ha 400 km/s. Tako-
he, nosehana ce eHepruja NnpoToHcKor 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 northern 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 closing 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 Monitor (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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[wjarpam 6. nokasyje eHepreTcko on-
Tepehemne yectmua SW.

Op marHetocdepckvx Bpata na Ao
ynacka y ropwe cnojese atmoccepe, 6p3m-
Ha SW ce Harno cMmamyje. Ha ocHoBy noaa-
Taka pobujeHnx ca METEOSAT-7 WIND, 3a-
Nna)xeHo je Aa ce Ha MeCTy ynacka CTpyjHor
Mfasa yectuua SW, cTeBapa Ba3ayLlHO Mosbe
BeMKMX 6p3nHa. Ha npoctopuma u3Hag
ATnaHTuka, Ha BucMHM of 13.7 km, SW je
3axBaTMO BasdyllHe Mace M Mpou3Beo Be-
Tap, 4nja je 6p3vHa Ha MecCTy ynacka y rop-
e cnojese atmocdepe, u3Hocuna 193
km/h. 360r Benuke 6p3nHe focexe [0 ekBa-
TopujanHor rnojaca, rae 3axeata TPOrncKe Ba-
34ywHe Mace u ycmepasa Mx npema Esponu.
Ha bankaHy ce Taga nojaesbyjy "usHeHagHo"
TONAM BETPOBM, KOjU AMXKY TeMnepaType Ha
HeyobuyajeHo BMCOK HMBO 3a 0BO Aoba ro-
avHe. KpeTarbe eHepreTckux dectnua SW y
ropwuM cnojesuMa atmoccdepe, 6uno je y
Buay ase peke (cn. 7). JegHa je "tekna" oa
3anaga npema wuctoky (B), a apyra of
ATnaHTCKOr okeaHa A0 bankaHckor nonyo-
ctpea (A). Y onwTtem cnyyajy, 6p3vHa n ay-
XKWHA peKke 3aBUCU Of KUHETWUYKE eHepruje
SW. HakoH onagara KMHETUYKe 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 Atlantic 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 yectuua SW noa AejcTBoM
rpaBMTaLMOHE CUIe U 3aKOHa MarHeTHOr no-
/ba, CnywTa ce npemMa MOBPWMHN 3eMsbe.
TpajekTopujy cnywwTara npeacras/ba 3aBoj-
HUUa y 065MKYy NneBKa, 4vju je wmpun Kpaj
OKpeHyT npema rope.

Y3umajyhu y 063up, ga ce ponasak
SW Moxe npeaBMAETU Ca BENKOM TauyHo-
why, To je no3HaBare MapameTapa MHTEp-
nnaHeTapHoOr nosba, 04 W3y3eTHe BaXXHOCTU
33 [aBarbe BPEMEHCKMX MporHosa. Tako cy
caTenuMTCcka ocMaTtpaktba o 24. HoBeMbpa
2002. roguHe, ykasana ga nocrtoju moryh-
HOCT MOHOBHOI OTBaparba MarHeTHor nosba.
Y oBoM cny4ajy, Ha CyHuy je yodeHa Kopo-
HapHa pyna, a MaTeMaTU4ku MpopayvyHu cy
nokasanu, aa he ce Hahm y reoedeKkTUBHO]
nosuumju, usmehy 27 u 28. HoBeMbpa, kaaa
he ce ynytutn ka 3em/bn penatuBHO 6p3u
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 turned 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 28"
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”.

Shear Tcnder\cq (KTS) Over
=4 HOUR LITH

* METEOSAT - 7
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Figure 8. Sun photographed by a special electronic camera which uses extreme ultraviolet
wavelengths, 284 A"

[obvjeHn pesynTtaTv cy ykasuBanw,
fa he ce oTBapahe MarHeTHOr nosba Aoro-
avTtn n3Hag VicnaHpa, anv ga he ce kacHuje
npowvpuTM u3Hag uuTaBe 65. eBponcke
MarHetocgepcke wupuHe. To je HaroBecTu-
N0 J0Ma3aK XnagHuX MOMiapHUX BasayLUHWX
Maca ¥ Harno 3axnaberbe, nocne Tonaor Mu-
XOrbCKOr N1eTa, Koje je Tpajano oa 9. HoBeM-
6pa, A0 Kaga je MarHeTHO nNosbe WM3Hag
EBpone, 6uno notnyHo 3aTBopeHo. [locne
nepvofa penaTtuBHO Ayror 3aTBOPeHOr mar-
HETHOr Mosba, MpopadyHU Cy Mokasanu, Aa
oTBapatbe MarHeTHOr nosba Tpeba o4yekmBa-

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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TN Y paHuM jyTapwuM yacosuma 30. HOBEM-
6pa.

AKTMBHOCT KOPOHAapHe pyne ocMoTpe-
Ha je 27. HoBembpa. Bp3n SW u3baueH ca
CyHua, KpeHyo je npeMa 3eM/bU Y paHuM jy-
TaptbUM 4YacoBuma 28. HoBeMbpa 2002. ro-
avHe (cn. 8). bpanHa SW kpetana ce op 466
[o 562 km/s. Mpeu ynacum 4yectmua SW y
atMocdepy 3emrbe, jaBuaM cy ce, Kao LWTO
je n oyeknBaHo, y paHuM jyTapHuM 4acoBu-
ma 30. HoBeMbpa, a MakcMMyM je JOCTUrHYT
0KO 21 4yac ucTor gaHa. YnackoMm y marHe-
ToCcdepy, AOLWNO je A0 pervoHanHor oTeapa-
Ha MarHeTHor nosba, cesepHo of McnaHga.
SW koju je mpoapo Kpo3 oBa pervoHasHa
MarHetocdepcka BpaTa, 3arnoyeo je cBoje
KpeTarbe npema jyry, rae je npecekao ce-
BEpHY aTMocdepcky peky SW usHag Pdpan-
LlycKe u HacTaBuo ga ce kpehe npema Cpe-
[03eMHOM Mopy. Ty je "npecekao” n jy>xHy
aTtMocdepcKy peky, Koja je AoHocuna ayro
Tonno BpeMe. [oCTUrasluM [0 CEBEpHUX
obana Adpuke, CKpeHyo je npema WCTOKY,
ctBapajyhm neBy BpTnoxHocT y Cpepnosem-
HOM MOpy. Y WCTO Bpeme, OTBOpuWIa Cy ce
MCTOYHA M 3anagHa MarHeTocdepcka BpaTa.
SW Koju je npoapo Kpo3 3anagHa MarHeToc-
depcka BpaTa, 3axBaTvO je aTnaHTCke Ba-
30ylIHe Mace M CTBOPUO Benuky obnaqHocT
nsHaga Exrnecke u Lnanuvje. CnywrTajyhm ce
ca BUCMHe of oko 120 km m3Hag Teputopuje
KaHage, ywao je y ropre cnojese atmocde-
pe, n3Haa ATNaHTCKOr okeaHa, rae je Ha Bu-
cuHu op 13,7 km n3a3sao noseharbe 6p3nHe
Ba3AyLHUX Maca og 36 m/s. MehyTtum, npe-
ceuarweM ceBepHe W jyxxHe aTmocdepcke
peke, Mpecrtao je CBaku yTuuaj 3anagHux
MarHetocdepckmMx BpaTa Ha BpeMe Ha ban-
KaHy. McTouHa MarHeTocdepcka BpaTa, Koja
Cy ce OTBOpWIa Marbe Hero 3anagHa, uMana
Cy 3HaTHOr yTuuaja Ha TemnepaTtype y cese-
pouctouHoMm aeny Espone. Ty je gowno ao
cnywTaka TemnepaTypa, Koje cy Aaneko uc-
nos MeceyHor npoceka. SW koju je ywao
KpO3 WMCTOYHA BpaTa, 3axBaTWO je xnagHe
rnonapHe BasgyLlHe Mace U YCMepuo ux npe-
Ma EBponu, goHocehn Bennko 3axnaherse.

M nopep Tora WTO je MarHeTHa eHep-
ruja oor SW 6una Beoma Mana, na je u

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 influence 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 eastern 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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EBponcko permoHanHo oTBapame MarHeTHor
nosba 6uno cnabo, vnak ce moxe pehu, aa
je To NpBO jaye pernoHanHo oTBapaHe Mar-
HeTHor nosba oa 9. HoseMbpa 2002. roavHe,
Koje je mpecekno TokoBe obe aTMocdepcke
peke. Ca Hay4yHOr CTaHOBMLITA, 3Ha4aj oBor
pervoHasnHor oTeaparba je y TOMe, LITOo Ce Yy
nepuogy oa 9. ao 30. HoBeMbpa, nocne npe-
UM3HO AeDUHUCAHNX CUHOMTUYKMX CUTyaum-
ja y 3eMarbCKOM M MHTepniaHeTapHOM Mpo-
CTOpY, MOrna jacHo carnegatu noBe3aHoCT,
OOHOCHO Mehy3aBMCHOCT 3eMasbCKe Of WH-
TepniaHeTapHe CUHONTUYKE CUTyauuje.

[a 6u ce SW morao nojaeBuTu kao je-
JaH 04 OCHOBHMX MoaudumkaTopa pas3soja
BPEMEHCKUX CTarba, HEOMXOAHO je HaBeaeHy
NpeTnocTaBky, [AOKa3aTW ca [AOBO/bHO pe-
npe3eHTaTMBHUM HM30M MOHaB/batba HaBe-
OEHUX Y3pO4YHO — nocneanyHux Besa. Y
OBOM TPEHYTKY, PacrofoXuBu CTaTUCTUYKK
MaTepujan, kKao W caTenuTcka ocMaTpama,
Cyrepvwly Ha penaTMBHO YeCcTy 3aBUCHOCT
pa3Boja aTMocdepckunx npoueca og SW.

MaTeMaTuuKa M efleKTpOMarHeTHa pas-
MaTpama

Kao mMepuno 3a ogpebuBare creneHa oTBa-
patba MarHetocdepe, KOpUCTU Ce MonapHu
yrao v uHTeH3uTeT Bz KOMNOHeHTe uHTep-
naaHeTapHor MarHeTHor nosba y GSM cucre-
My.

National Oceanic and Atmosferic Ad-
ministration y cBom 6unteHy Space Weather
Now faje cBakogHEBHO CTarbe MHTepriaHe-
TApHOr MarHeTHOr nosba, Y KOMe nopea
ocTanor u3Hocu u objaliHerbe KOMMNOHeHaTa
WHTEpMaHeTapHOr MarHeTHOr Mosba, Kao M
HMXOB 3Hauyaj 3a MOryhHOCT oTBapatrba reo-
MarHeTHOr nosba M nojaBa MarHeTHWX 6ypa.
MepHe pe3ynTaTe MHTeprniaHeTapHOr Mar-
HeTHor nosba U SW, moryhe je mobutun y
CBAKOM TpeHyTKyY, y (popMM Kkoja 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 Field
(Based on GSM coordinates)

Plasma

Total Field, B : 9.1 nT

Speed, V : 584 km s

Field in x-direction, B, : 6.9 nT

Temperature, T : 2.5e+05 k

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

Density, n : 9.1 particles cm™®

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

Pressure, P : 5.2 nPa

Latitude angle, beta : -15.2°

Angle, theta : 105.2°

Kaga KoMnoHeHTe Bz wuHTepnnaHe-
TapHOr MarHeTHOr nosba MMa HeraTuBHy
BpPEHOCT, Taja Cy WUHTepniaHeTapHo u reo-
MarHeTHO Mosbe CynpoTHUX cMeposa. [lo-
napuu yrao Phi je yrao, n3mehy BekTopa
MarHeTHe UWHAYKUMje WHTepniaHeTapHor
MarHeTHOr nosba M 0ce reoMarHeTHor nosba.
Kaga MonapHu yrao oocTurHe BpeaHOCT Be-
hy oa 90 creneHw, 3anounme OTBapame
MarHetocdepe 3emsbe. Taga gonasw o cna-
jawa uWHTepnnaHeTapHor M reoMarHeTHor
nosba, Tj. MarHETCKE pUKOHeKkuuje. BekTop
MarHeTcke uWHAyKuMje WHTepniaHeTapHor
MarHeTHOr nosba, y TOM cnyyajy, je ycMepeH
npema jyry u cynpoTaH je BEeKTOpy MarHet-
CKe uHAyKuuje 3emsbe.

MNpetnoctaBumo Aa SW uMa enek-
TpuyHO onTepehere q n Macy m 1 aa je 6p-
3MHa ca KOjoM ynaswu y atMocdepy 3emmbe V.
O3HaunMmMo MarHeTHy uHAyKuujy 3emrbe ca B.
PasmoTpuhemo aBa ekcTpeMHa ciyyaja u To,
Kaga je 6pauHa SW V napanenHa ca BekTo-
poM MarHeTHe uHaykuuje B u apyru, kaga je
6p3nHa SW V, HopManHa Ha BEKTOp MarHeT-
He uHaykuuje 3emibe. Kaga je 6p3vHa SW
napasnenHa ca BEKTOPOM MarHeTHe UHAYKUM-
je, enekTpoMarHeTHa cuna Koja genyje Ha
SW je

F=qVxB=0

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

“Latest Solar Wind Values Created: 2002 Dec 07 1048 UTC. The data are the Real-Time Solar Wind data

broadcast from NASA's ACE satellite.
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Tapa je kpeTarbe SW npaBOMHWUICKO
W nopes npucycTBa MarHeTHor nosba 3e-
M/be. Y ApyroM eKkCcTpeMHOM crny4yajy, kaaa
je BexTop 6p3nHe SW HOpManaH Ha nuHuje
MarHeTHoOr nosba 3emsbe, enekTpoMarHeTHa
cnvna Koja genyje Ha yectuue SW je

F=qVxB

EnekTpomarHeTHa cuna, Texv ga ca-
Buje TpajekTopujy Yectmua SW. Ako npeTno-
CTaBMMO fa je r TPEeHYTHU NOAynpeyHnK
TpajekTtopuje Yectmua SW, oHaa je

mV2/r=qVB

a nonynpeyHuk Tpajektopuje SW je

r = mV/qB

OpaBpoe ce BMAM, Aa Kaja je BekTop
6p3viHe SW HOpManaH Ha vHWje MarHeTHor
nosba 3emsbe, TpajekTopuja dectmua SW je
Kpyr. Y npupoaun, 0BakBO KpeTare Yectuua
SW, Moxe ce jaBuTK camo y TPOMCKWUM Kpa-
jeBnuMa OKO ekBaToOpa, rae je MarHeTHo ro-
Jbe Hajcnabuje. Oa 6w gowno op nmpogopa
CTpyjHOr Mnasa 4Jectuua SW Ha eksaTtopy,
Huje noTtpebaH ycnos, Aa MOCTOjU MarHeTHa
PUYKOHEKUMja MHTEprIaHeTapHoOr M reomar-
HeTHor nosba. OBAe ce jacHO yoyaBa BUCOKa
MaTemMaTuyka Mpeum3HOCT LeHTpa BpTO-
XKHOCTWU M MOBPLUMHE Kpyra, Kao U nspasuta
CUMETPUYHOCT crnmpanHor obnuka. TpeHyT-
HU NONYMNpeYHUK TpajekTopuje CBUX BPTNO-
XKHUX TPOMCKMX BETPOBA je:

r=mV/Qb.

Y EBponu, camMM TUM M Ha NpoCTopu-
Ma bankaHckor nonyoctpsa, SW ynasu y aT-
Mocdhepy 3em/me yBeK MOA4 HEKUMM YrioM

Then the motion of SW is linear, de-
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
particles 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

mV2/r=qVB

while the radius of the trajectory of
SW is

r = mV/gB

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 circle. 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-
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Osw, a TO je yrao Koju 3aknana 6psvHa V ca
BEKTOPOM MarHeTHe nHaykumje B. Bp3uHy V
MOXEMO pacTaBWUTK HA KOMMOHEHTY VcosOsw
y npaBuUy MarHeTHOr Mosba ¥ KOMMOHEHTY V
SinBsw, HopManHy Ha npasal, MarHeTHor no-
va. Tapga ce pobuja, aa je Tpajektopuja SW,
Tj. yectmua SW 3aBojHMUA, FAe TPEHYTHW
nonynpeyHnK LUMAMHAPA, OKO Kora ce 3aBuja
SW

r = mV sin Osw /gB,
a Kopak Tpajektopuje SW

d = 2 nr/V sinbsw x Vcos 0sw = 2n
m Vcososw /gB

MehyTuM, NpUIMKOM KpeTakba obnaka
yectua SW Kkpo3 aTmocdepy, Aonasv Ao
ycnopasara U cMarbena 6paunHe V, a ¢ Tum
W 0O CMamerba MonynpeyvHuka r. 3aTo Tpa-
jexkTopuja SW, Koa kora ce cmambyje 6p3uHa,
Huje umnuHaap, Beh ce SW 3aBuja OKoO nes-
Ka, Y1ju je wmpm Kpaj, kao wro je Beh peve-
HO, OKpeHyT npema CyHuy.

3AK/bYYAK

Ha OCHOBY M3N0XEHOr, MOXe Ce 3aK/byunTH,
Ja 6u m3yyaBame eHepruja yectmua SW wm
MarHeTHOr nosba 3em/be, Morna npeacra-
B/baTW HOB Hay4HW NPUCTYN M K/by4 3a pas-
ymeBarbe ofpeheHnx KpeTarba 1 eHepruja y
atmocdepu 3embe. OCHOBa 3a TEOPUJCKO U
MaTeMaTU4KO pa3MaTparbe O KUHETUYKO]
eHepruju yectmua SW, kao eHepruju oape-
heHnx BasaywHUX CTpyjara Ha 3emrbu, Ha-
3Mpa Cce Ha oTBapaky MarHetocdepe noa
[€jCTBOM MHTEpniiaHeTapHOr MarHeTHOr Mo-
/ba, Kojum ce omoryhaBa ynasak uectuua
SW y atmocdepy 3eM/be U 3aKOHMMa reo-
MarHeTcKor nosba. cTpaxuBama cy nokasa-
Nna, fa ce KpeTarbe Ba3dylHWMX Maca BpLie

gle 0sw, which is the angle that the speed V
makes with the vector of the magnetic induc-
tion B. We can separate the speed V into one
component, VcosOsw , in the directon of the
magnetic field, and the other component, V
sinfsw, 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 6sw /gB,
while the step of the trajectory SW is:

d =2nr/Vsindsw x Vcos 6sw = 2n m
Vcososw /gB

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-
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WX Ha pavyH KMHETUYKE eHepruje yectuua
SW unn Ha padyH pasnuke eHepruja Basay-
WwHUX Maca. Npu oTBapamwy MarHetocdep-
ckux BpaTa, 6p3vHa BeTpoBa y aTMocdepu
3em/be pacTe ca nopacToM BWUCUHE U Au-
pekTHO je npornopumoHanHa nosehary
eHepruje yectuua SW. [lobujeHn pesyntatu,
6a3unpajy ce Ha cnegehvM mMaTe MaTU4KuM,
efleKTpOMarHeTHNUM 1 METEOpPONOLWKNUM  Cca-
3HabKUMa:

1.UeHTap BpTNOXHOCTU rno6anHmMx
BETPOBa je MarHeTHW Mnon, a LeHTap BPT/o-
YKHOCTW perMoHasiHor BeTpa je AoavpHa Tay-
Ka TpajekTopuje SW ca noBpLIMHOM 3eMsbe;

2. MarHeToccdepcke koopavMHaTe Mory
npeactas/baTM OCHOB 3a MpUMeHy MaTema-
TUYKUX jedHaynHa, Koje ornucyjy TpajekTo-
pvje KpeTara Ba3gyLHUX Maca;

3.CMep KpeTarwa Ba3fyllHWX Maca
oapeheH je monapusauujoM MarHeTHMX Mo-
NoBa 3eM/be 1 NonapusaumnjoM eHepreTckux
yectmua SW y 3aBUMCHOCTU Off €NeKTpUYHor
ontepehera. CBYM BETPOBM CTBOpeHW QAej-
cTBOM 4ectuua SW, 6uno ga cy rnobanHu
WU peruoHasnHu, MUMajy BPTOXHU Kapak-
Tep. Ha ceBepHoj xemucdepu, kpetare Be-
TpOBa KOju Cy CTBOPEHW HA payyH eHepruje
yecTmua npoToHckor SW, je ca cMepoM y ne-
BO, @ Ha jy>Hoj xemucdepn, cMep KpeTahba
je yBek y gecHo, y uHepumjanHOM cuctemy
pedepeHumje;

4. KpeTare BasfylWwHWX Maca Yy ar-
Mocdepn 3emrbe, koje cy 3axBaheHe CTpyj-
HUM Mna3oM 4Yectuua SW, noanexe 3aKoHu-
Ma MarHeTHOr Mosba W BPLUM Ca Ha paydyH
eHepruja yectuua CTpyjHor mnasa.

BWUTHO je HanoMeHyTW, Aa nocToju
NPaKTU4YHO HeorpaHuyeH 6poj mMoryhux pas-
BOja BpEMEHCKMX CTaha, Y 3aBUCHOCTU Of
kapakTepa SW, kao u nocrojehe cMHonTUY-
Ke cuTyaumje. CTnue ce yTucak, aa je 3anpa-
BO HEOMXOAHO YCTaHOBMTU KOSIMKO 4ecTo je
HaBefeHa nojaBa MpWCyTHa TOKOM nMojeau-
HUX Meceun, Kao M KOIMKO je MaTeMaTU4Ku
jaka Be3a usmehy SW u nopemehaja y at-
Mocdepn. 3a caja HaMm je nosHaTto, Aa je
6poj TakeBux nopemehaja og 6 - 10 y TOky
jenHor Meceua. Y csuM cnydajeBuma (y 3a-

arch has shown, that motion of air masses is
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 altitudes 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, electromagneticc and meteorological
knowledge:

1.Centre of vortex motion of global
winds is a 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 polarity 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 northern 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 a 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-
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BMCHOCTW of Kapaktepa SW) gonasu go He-
MUHOBHUX (Marbux unm Behux) peeusnja oa-
roBapajyhmx cMHONTUYKMX kapaTta. lMocebHo
je nuTame, Konuko cy ayro (y norneay Tpa-
jarba) oHe uMane yTuuaj Ha noaHebroe. [a-
K/lie, M3M0XeHW MaTepujan, ykasyje da ce
pobujeHn 3ak/bydum He M3BOAE CaMO Ha
OCHOBY jegHor npwumepa, Beh pa nocroje
yBep/bMBe nHavKaumje, Aa ce paau 3anpaso
0 nocebHoM MoamdukaTopy, Koju Huje Ha-
Wao 3agoBosbaBajyhn TpeTMaH y MeTeopo-
nornju n knnuMatonoruju. Takohe, pacnono-
XUBWM MaTepujan Hamehe 3aksbyyak, Aa kaga
pohe ao oTBaparba MarHeTocdepckux Bpa-
Ta, cHara SW je rotoeBo no npasuiy TakBea,
[Ja OMKTVMpa HOoBe BpeMeHcke ycnose, 6e3
ob3npa 0 KkakBOj noctojehoj CMHOMTUYKO]j
cuTyaumju ce TPeHyTHO paau. Mulsbera
CMO Aa MyNTUAMCUMMAMHAPHW NPUCTYN, 3a-
CHOBaH Mpe CBera Ha aHanu3m KOMMIEKCHUX
CaTeNUTCKUX Mepeha, MOXe AaTu Aaneko
BULLE KOHKPETHUX AoKasa O ytuuajy SW Ha
aTMocdepcke npouece, Hero wTo je 1o 6uno
[0 caga.
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