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MATHETOC®OEPA MYJ/1ICAPA
CTpYKTypa eNeKTpomMarHeTHor nosba

* WHAOYKUWIA EJIEKTPOCTATUYRKOT MNMOJbA

QOutside star

€& Xr 2 .. 2
E_l_(_TulezO ¢ 3r+3r3E1 3 cos“0)
E, —-—*322 +—l‘; (1—3 cos?6)
r ¥
QR RN E —2sinfcosf/rt
‘B = — 2 0og o
E-B (c)(r)B“ cos® ¢ 4 /% 0

4 cosB(1—3cos?0/r?) /3¢

Surface
o /ey 2(1—3cos’8)/3
E-B (average) 2 cosB(1—3cos?0)/3

Everywhere

B, 2 cosB/r?
sin@ /r?

-----------------

(a) (b)



MATHETOC®OEPA MYJ/1ICAPA
CTpYKTypa eNeKTpomMarHeTHor nosba
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MATHETOC®OEPA MYJ/1ICAPA
CTpYKTypa eNeKTpomMarHeTHor nosba
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MATHETOC®DEPA MYJICAPA
HacTajarbe napoBa 1 AMHaMUKa Niasme
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MATHETOC®DEPA MYJICAPA
EMuMCHja enekTpomarHeTHOr 3payverba

* YBP3AKE HECTUUA -> HAHNH EMUNCWIE

o EBLHA HevTOGHCKe smeane TEPMA/THA EMUCMIA X-¢poToHa

P yTP & {T~ 105K, €,,~ 0.01 - 2 keV}
MHTepaKumja penaTmBUCTUUKM
yOP3aHMX YECTMLA Ca TEPMASTHUM =
POTOHUMA HUKUX eHepruja

MHBEP3HO KOMITOHOBO PACEJAHE
(meKo X-3payerbe -> y-3payerbe)

KpeTatbe HOpManHO Ha INHKje
MarHeTHOr Nosba

me® CUIHXPOTPOHCKW === CTBAPAHE INAPOBA e*e"

EMWCHUIA y-poToHa
KpeTawe napanenHo amHujama CTBAPAHSE NMAPOBA ete-
MarHeTHOr NoJsba RPUBO/IMHWICKRY KOXEPEHTHA PAOUNO-

EMWCHUIA (rpyne yectmua)

Ocuunyjyhe en. nosmwe
(noHrMTYAMHANHO Y e MIACEPCKA EMUCUIA =»
TpaHcdep3anHo ybp3ame)

KOXEPEHTHA
PAONO-EMUCNIA



MATHETOC®DEPA MYJICAPA
EMMCHja eneKTpomarHeTHOr 3payerba

«  OBJIACTU EMUCMIE \ b o

CNOJbHA NMPA3HUHA (OUTER GAP):

-OB/IACT AYrOr AEJCTBA E/IEKTPUYHOT MOJbA
-KPUBOJIMHMICKO 3PAYEHE YEP3AHUX e u e*
-EMUCWIA PENATUBUCTUYKE NIASME

-EMMUCMIA onT. fo y-poToHa (10 GeV)-> HEKOXEPEHTHA
-PAJUO-EMUCUIA -> KOXEPEHTHA 1 MOJIAPU3OBAHA

Outer gap
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Closed Zone Malgnetic

MOJTAPHA KANA (POLAR CAP):
-OEJCTBO ENNEKTPUYHOT NOJbA YHYTAP MPOUENA (SLOT GAP)
-3PAYEHE PETATUBUCTUYKE NNA3SME MAPOBA e” n e*
-PAANO-EMUCHUIA -> KOXEPEHTHA n MOJIAPU3OBAHA (T,~ 103 K)
-CTPYKTYPA EMUCUIE JE3TPA U KOHYCA

PaJr plasma Outer
slot gap

Pair fogmation front

- Polar slot gap
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MATHETOCODEPA MYJICAPA
CTpyKTypa paguo-tanacHe emucuje
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Microscopic
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TANACWU Y NNASMU
JegHa4ynHa gucnepsuje

Munmxcnpin

VxH=J + 2

dt

JdB

E=_—"

V x Y
vn=pr

V.-B=0.

Macroscopic
ik x B = ¢oup(—iw)K - E. k = (0,0,k)
oo
5) =0. =’k + 0 — ] 0
~ 0

m,(—iw)v, = e,E=—> ]

. m?
K=1 (]——)(—cr=
w2

’k x (k x E) + (w‘? - wﬁ)ﬁl =(.€

-

(— I

¥

1

_>kx[kxl-§'.)+{izﬁ-ﬁ={l
O

2

3
n .i'l.ilf; E

(—1w)m;,

2
ns0€y

—iw)m,




TANACHU Y NNASMU

TanacHn moaosu y xnaaHoj
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TAJTACUN Y NMNASMHA
TanacHM MoA0BM Yy TOMJI0j NNA3MU
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TANACHU Y NNASMU

Wave

Geometry

Dispersion relation

Electron Waves (Electrostatic)

Langmuir waves B,=10
or k|| B, w? = w2, + 3k, /2
Upper hybrid waves kL ﬁo Wyh = .;LJ];L, + u.rm
Ion Waves (Electrostatic)
Ion acoustic waves ﬁo =10
or k| B 2 = k%2
Ion cyelotron waves e | gﬂ 2 = mzj + k?
Lower hybrid waves K L gﬂ Wi, = Wei * Wee
Electron Waves (Electromagnetic)
Light waves ﬁo =1 w? = Whe * k2e?
O-waves kLl B,
Eill B, w? =2k +w
X-waves k1 B, = 2R3+
Ey L B, Fuwpe + (W Jf (w? = wjy)
Whistler (R-waves) k| B, 2 =%k — 13:: [1 — (Wee/w)]
L-waves EH B, w? = c2k2 + w]%e/[l + (Wee/w)]
Ton Waves (Electromagnetic)
Alfvén waves k|| B, w? = k*%
Magneto-sonic waves & L D, w? =c2k? - (v +0%) /(S + %)




TANTACNY MATHETOCO®EPAMA MYJ/1CAPA
HecTabuUnHOCTU M HAaCTaHaK
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TAJTACU Y MATHETOCO®EPAMA MYJICAPA

UHTepaKuunje
TPUTANACHE UHTEPAKUWIE (Three-Wave Interactions): @, + w, = @5,  k; +k, =k;,
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streaming instability

Langmuir turbulence

scattering by
ion sound waves

scattered

L+S-T

coalescence of scattering by
two Langmuir waves ion sound waves

L+L-T

second harmonic Langmuir waves fundamental

fransverse waves L+S—L transverse waves




TANACU Y MATHETOCOEPAMA MYNCAPA
Moaenu

* MACEPCKA EMUNCHIA

UMNK/TOTPOH-YEPEHKOB HecTabunHocTt -> EMUCUIA JE3TPA
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TAJTACU Y MATHETOCO®EPAMA MYJICAPA

Moaenu

HEJTMHEAPHA EMNCUIA - CONNNTOHN

(01— 0®)(i0, + 107 +|W|*) W=1rA | W,
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10 = — 50,0 + KUY

2

W (x, t) =Apa sech a(x,— xy) exp i[u(x,— x,) — 6].

EMWCUIA TPYTNE HECTULA
(EMISSION BY BUNCHES)
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-KPUBOJINHUICKA EMNCHUIA
-HEPEAJTHO MANE OUMEH3WIE, PAOUN OAPHAHA

KOXEPEHTHOCTU

-PA3BAJARE IMHWIA MNOJbA
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TAJTACU Y MATHETOCO®EPAMA MYJICAPA

Moaenu

PENATUBUCTUYKA EMUCUIA NIASME

e MATHETOAKYCTUYHW (X-mopa) -> He moxKe HacTaTu ycnen HecTabuaHocTu
napanenHor Toka, camo geAMMmnyHom KoHsepsunjom AJIOEHOBOI moaa, anu mory
HaNyCTUTU MarHeTocdepy

e AJI®EHOB — O mogp, -> 3axTeBa yATpa-peNaTUBUCTUUYKKM TOK YecTmua; ¢paBopumsyjy ce
BMCOKE Y4eCTaHOCTHU jep je pacT Tasiaca pacTe ca yyectaHowhy

e Kocu L-O -> cyBuLLE BENUKe y4ecTaHOCTM ycnea JlopeHuoBe TpaHchopmaumje

* napanenHu JIeHrmjypos mog, -> CyBuLLE BeJIUKE Y4eCTaHOCTH

MNapanenHu JIeHrmjypos mog ce MmoxKe
CNPErHyTN ca NapanaesHMm
AJTGEHOBUM moaom n nobehun ayx
Z=z , rpaHe; YaKk n 3a manun yrao 6, L-O
MO/, CE€ MOKe Ha UCTU HauuH
CNPErHyTM UaAK TYHeNoBaTU U3Hag,
TayKe cnpesarba u 6uTn JlaHaay
NPUryLUEeH.

z-2
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TANACU Y MATHETOCOEPAMA MYNCAPA
Moaenu

KOHBEP3UJA MOAOBA

Emission region




TANACU Y MATHETOCOEPAMA MYNCAPA
Mpernen moryhux mexaHnsama emuncuje

UMAKJTOTPOHCKNA n MACEPCKN MEXAHWU3AM KPUBOJIMHNICKOT
OPUDTA cy oceT/buMBU Ha UHTEH3UTET MArHETHON NOJba, WITO CE He C/aXKe
Ca BE/INKOM canyHowhy emumncmja MUANCEKYHACKUX M OBUYHUX Nyacapa m
He Onucyje NocTojakbe eMucuje jesrpa Ko mc. nynacapa

MEXAHWU3AM KOXEPEHTHE EMWUCWUIE TPYNE YECTULA Koje 3pave y pasu,
3axTeBa CTPYKTYPY BeOMa TaHKOT AncKa Yectuua (d < A/4) paan oapama
KOXEPEHTHOCTU; HOPMaia Ha NOBPLUMHY MOpa OCTaTu YHyTap yraa 1/y,
MehyTUM ycnepn, 3aKpmMB/bEHOCTU SIMHMjA NOJ/ba HOPMaJia 3a BEOMa KPaTKo
Bpeme npasu OACTyMNaHe; He ONuncyje eMUCUjy U3 Camor LLeHTpasIHOr
pervoHa rae cy IMHuje cnaa CKoOpo npase

HETMHEAPHWU (conntoHcku), MEXAHU3AM MACEPCKE EMUCWUIE
CNTOBOAHUX ENEKTPOHA (nnHeapHo ybp3atbe eNekTpoHa
NMPOMEH/bUBUM eIEKTPUYHMM nosbem — wiggler field) v
KPUBOJTMHUICKOI MACEPA (ycnep yBpTatba IMHWja Nosba) YnHe moryhe
MeXaHU3me emucmnje

PENATUBUCTUYKA EMUAUCUIA MNTASME npeactassba 3a caaa
HajOAPXKMBU]U HAYNH KOXEPEHTHE eMUCUje
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