1. XTATIKA KAI ANOMOIOI'ENH ITEATA

H ovopotoyéveta Twv gay vTIX@V Yeouu®y Topouctdlet Tohl Ueydlo ev-
drapépov Yot omdviar 6T QUGY ToL Pty VTS 1) %ot nAexTeLxd nedio fvon
opoyevt.

1.1 KamuAoTnTa TOV ROy YNTIXOY TEOUALODY

ExAwe 1.1. Kivnon @optiov yéoo o€ XoOUTUNDUEVES Loy VITIXEC YOOUUES

Edv 1o otatxd, e€wtepind, poyynuxd nedio eivon xapnviwpévo (e
oxtivar xopmulotntoc Re) 10 0dnyd xévtpo avoryxdleton va xtvniel xotd
UXOC TWV YOy VNTIXWY YRUUPAOY, EVE To QopTio extelel ehixoetdy) xivnon
Yopw and autée (Xy. 1.1). To 0dnyd xévipo mou xiveiton xotd prixoc
TWV XAUTUAGUEVOVY POy VITIXOV YROUUMY L@ioTatar TN QUYOXEVTEO S0-
vopn Fo = (mvﬁ/RC)er, xdetar 010 poryvntixd nedio, dpo ohoVaiver pe
tayOtnta (BAéne egiowon (2.33),
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v?(erxey,)

onov e, = B/By. Tyv tayldtnta auth Yo v ovoudooupe olicOnon
HOUUTUAGTNTOG %o elvan SIaPORETIXY Yial Tt NAEXTEOVIAL Xat TaL LOVTAL.

1.2 Avoporoyevég payvntixd nedio

Otav 1o paywnuxéd nedio petafBdhieton Ayo oe andotaoy r, (dnhady
6tav AB/ry, << B/L, érou L eivon pror yapaxtnpto x| ypouuxy did-
0TOOY) TOU PUOIXOD GUGTAUATOS), UTOPOVUE Vo TO aVaTTUEOUUE OE GELRd
XPATOVTIG WOVO 6poug TG Tdewe, dnhad,

B('r') :Bo+(T~V0)B+... (1.2)

omou 10 Vi onuaivel 6Tt 1 mopdywyog urtohoyileton 610 0dny6 x€vtpo
e Tpoytde. Enouévwe n xivnon tou goptiou yéoa 6Tto poryvnTtixd medio
B(r) neprypdgeton and v eliowon (1.17), n onola pe v nopandve
TEOGEYYLON YpdpeTaL,

m;j(dv/dt) = (g;/c)[(v x Bg) +v x (r- V)B]. (1.3)

Eneidr o dettepoc Gpoc 010 deid péhoc e eZiowone (1.3) eivon wi-
xp0¢ o€ oyéamn Ue Tov 6po v X By, unopolpe va unodécoupe, epapudlo-
vtag N Yewplo Twv Stotopoaydy, 6Tt 10 cwyatidio Storypdget po ‘oyeddy
neptodixny’ tpoytd ue tayiTnTa v = vg + v1, 610U

mj(dvo/dt) = (qj/c)(vo x Bo)

(BMéme Ty. 1.2). H andxhion and tny neptodixn tpoytd neptypdpeton ond
0V 6p0 v1. Avuxahotovtag ™y toyltnta v oty egicwon (1.3) maip-
VOUE

mj(dvl/dt) = (qj/c)(vl X Bo) + Fj. (1.4)
H d0Ovopn F'; éyet tn wopen
Fj =<< (qj/c)'vo X ('rLOj . Vo)B > (15)

Omou T = T10j + 0T, TO T10; €lvon N axtiva Larmor mou avtiototyel oto
pory vt nedio |Bo|, To 01 eivor 6poc np@ng tdEewe xat 0 Y€oog bpog
TWV TGV TN ouvdptnong ot uia neplodo unoloyiletar and 1 oyéon
< f>= (4 fdt)/T, émov T etvor m neplodoc tne xuxdixfic xivnong tou
goptiou. H F; eivon {on ue tn yéon T, g SOvourng mou aoxeitar 6o
odNY6 %EVTpo MOy TG AVOUOLoYEVELXS ToU TEdiou.
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ExAwee 1.2. Kivnon goptiov oe avoyoroyevéc paywntixd nedio. H xivnon eivon ‘oye-
36V’ mepLoduxn.

Y10 onuelo autd elvar oNPAVTIXG Vo avapEépoupe OTL Yio T AUan) Tou
OUCTARATOC TV Slapopx®y e€loMoewy egapudlovye 800 Yvwotég Vew-
plec ebpeone TpooeYYloTIX®Y Aotwy, (1) ) Yewpia Srotapoymdy xon (2)
) Yewplol Twv péowy dpwyv. Me 11 Jewplo twv péowv 6pwv anakeipouye
TIC YPRYOPES XUXAOTROVIXEC TOAAVTWOELS Xot UEAETIUE TNV xivnom Tou
odnyol xévtpou.

Xenotponotdvtac xuhvdpixée ouvietaypéves, (BAéne Xy. 1.3) xou o-
vohbovtag to poryvntixd nedio B = (By, By, B,) 1 egiowon (1.5) ypd-
(peTal

K4

Lo

Vo

YxAwee 1.3. To cbotnua GUVTETAYUEVWY TIOU YENOLULOTOLOVUE YId TOV UTOAOYIGUO
e SOvaune Fj;.
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Fj:F||jez+FLj~ (16)

Ané 11¢ TpEIC oLVIoTWOES TOL paryvhnTixoL Tediov, 1 By eivar mopdhhn-
A1 mpog T v xan dev ouvelo@épet ot SOvaurn Fj, eve n B, ouvelopépet
oTNV FH xoun B, oty F |,

Fje, =< (qj/c)(vo X r1r05)(0B:/Or) > (1.7)
F | ; =< (qj/c)(rLoj(0B,/0r))(vo x €;) > (1.8)

Y ouvéyela unoroyilouue Ty xde cuviotwoa g duvaung Fj
Ywelotd apyilovtag and TN CUVIGTOON TNS SUYOUNE XATA URXO0S TWY Ha-
YYNTIXOV YROUUUGY.

1.2.1 AVOpOLOYEVELA XATA UAXOC TWV UAYVNTIXOV YEOLAADY

Kévovtac yphon twy e e€iowone (1.7) vrohoyilouye 1 SOvopun

qj aBr A
:&TJS_L 9B é
m; 25\ or [,_ "
5 (1/2)ymjv3, ] /OB, :
BO 87“ T‘ZO z

0B,
= 20, e, 1.
: < or >r0 ‘ ( 9)

OTOU Ly, Elvon 1) poryynuxd pony| (e€iowon (33))-
H egiowon Maxwell, V- B = 0, oe xuhivdpixéc ouvietaryuéveg naipvel
™ [op
19(rBy) N 0B,
r  Or 0z
Av vnotdéooupe 6Tt 1 TopdywYoQ
xévtpo (r =0) 161

rBr%—/r<8Br> dr
0z ),

1 (0B,
B, ~ —— . 1.1
2r( 0z >7‘0 ( 0)

=0.

BBZ 2 e 7 ’
5 oMdlel apyd xovtd 610 0dNYo
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Yuvdidlovtag g e€onoeig (1.9) xoun (1.10) €youpe

0B,
Fjj = —im ( 5 > . (1.11)

To goptio extelel ouyypdvwe dUo xWHoES YOO OE AVOUOIOYEVES
poryvntixd medio (0B,/0z # 0), tnv xuxhixh, pe ovyvétnta (¢;Bo/mc)
xat axtivae Larmor 75, Ylpw and 10 odnyd xévigo 10 omolo xiveitan
apyd pe tayltnTa vy oluQwva ue Ty &iowaon

my () = = (). (1.12)

"Eyouye 181 Seiet 6Tt m ok xtvnuixy| evépyela gopTiwy mou xivodvto
uéoa oe otadepd payvnuxd nedio nopouével otadepy,

2
%[@m%ﬁ]:o_

Kévovtag yefon tou optopol tne payvnuixfc ponrc (BAéne e&iowon (33)
€y ouue
02
d | ™Y
at | 2

+ imBo | = 0. (1.13)

[olanmhaordovtag xou ta d0o péln e eliowong (1.12) pe ) taybtnta
vy EYOUpE

d(m+jll/2) — <%> (%) . (%) L (L14)

Yuvdudlovtag tig e€owoerc (1.13) xan 1.14) ouunepaivoupe 61t n po-
YYNTUXH pomy) Topouéver oTaepy,
dpim
dt
otay 1o Qoptio xweiton Yoo GE AVOUOIOYEVT Uary vnTixd edia mou umna-
xobouv ot oyéon (|VB/B| << r;/L). H poyvnuxy pon eivon éva
nopdderypa adofatixic avariolwtng xou Yo 10 culnTRcOLUE AVaAUTIXS
OTNV TopdYEAPo 2.5.

‘Eva onuavuxd andétéheopa mou npoxintel and 1 otadepdtnta Tne
poyvnTixne eomig etvan xou m moryiSeuon twv Qoptinv oTig oy vnTixég
péhec (Ey.1.40) % oto poryvnuxd dinoho tne I'me (Ey. 1.4B), nov o-
n6teENoOV xhaowd mopadelypato pory ynTixwy medinv tou petofdhhovrar
AEY S XATH PHXOC TWV YUY YNTIXDV Y EOUUMY.

~ 0,
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ExAme 1.4. (o) To poyvntind nedlo e payvnuxhc gdine xou (B) to poryvntixd
nedio e I'ne

Edv éva goptio ye taylta v Beloxetar apyixd oto onueio O (1o
pory vt medio €yet eNdytoto oo onpeio O), xou egapudooupe Ty apyt
dratipnone e poyynuixhc pontic Beloxoupe ot

mjvio/2 _ mivt/2

Bmin B

xou €4y To dtdvuopa tne taydtnTog oynuatiCer yovia a ye ) Siedduvon
Tou payvnTixol tedlou Tote

mjv?sin? ag /2 _ mjv2sin2a/2‘ (1.15)
Bmin B

H yovia o Méyeton ‘Yovio xhone’ (pitch angle). Ané vy eZiowon (1.15)
OLUTEEAVOLUE OTL, 6TAY TO QYopTio TANCIELEL T TEPLOY T OTOU TO YUY VT)-
uxé medio elvon 1oyued, N TR TN Yoviag xAong o yetaBdhheTal, WoTE
va Sttnpeiton ) poryvitxyy pomn otadepy), Snhady

sin a = { } sin ag. (1.16)
min

Y10 onueio P tou Xy.1.4, émou 1o o = 90°, 10 goptio ‘ovorxhdton’ xau
emotpégetl oto onueio O. To (8o Yo cupfel xou 610 GUYPETEIXG TOL OY-
pefou avdxhaone P, e andtéleoypa o goptio va nopopéver torytdeuuévo
ot oy vty @k 1§ 6to poryvntixd dinoho e I'me. Xto poryvnuixd
dinolo tne I'ne ot neployée nayidevong goptiny ovoudlovion Zoves Van-
Allen, mpog Tir TOU AUERIXAVOU EMOTAROVA TOU TIC ovaxdALpe uéoa
ot dexoetior Tou '60. Edv to yoyvntind nedio €yet yéyrotn Tipn Bmax
umopolue var utoloyioouye T ehdyloty ywvia 6to onueio O Yo va ‘o-
voxAaoTel’ 10 goptio TEY QTdoEl 610 YEYIoTO Pory vnTixd medio. O npénet
7 Yovio xhiong oto onpeio mou 1o poryvnTind nedio efvon ehdytoto va ivar
peyohitepn and
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Brnin 1/2
o = sin! (B—) : (1.17)

max

Ta goptio Twv onolwy 1 ywvio xhiong eivon wixpdtepn and am Vo Stogi-
YOUV OTA TOLYWUATH TG YOy YNTIXRC QraAng B and tic {wveg van Allen
xou Yo eloyweroouy oty atudogorpa g I'ng. H adknienidpaon goptionv

<

A\

SyxAra 1.5, Twvioxh xotavouh oyutitewy v @optiny mou naytdebovar ¥ dto-
@eVYOUY Ao TN YAy VNTLXH GLEAN B To wayvntixd dimoho tne I'mc. ®optio pe ywvia
Nong YxpoTeEn Ao Qm SLUPEVYOUVE O TN YOy VNTIXY ‘QLEAN’ Yid T0 A6YO autd
0 x@voc Tov oynuotiletor Aéyetar xdvoe Sraguyrc (loss cone ).

udnhric evépyetog mou Stéguyay and T Lwveg van Allen ye ta ugmidtepa
oTpOUITA NG atpdcpapas dnwovpyolyv to Hohxd Méhag. H ywvionn
XOTOVOUY) TOYUTHTOV Yot T goptior Tou morytdebovtar gaivetor oto Xy.
1.5. 'Oha tae goptio pe apytxn yovio o < auy, Stagedyouy and T gory vi-
XY QLEAT, XU 0 xOVOS Tou oynupatiCeton ovopdletar ‘xwvog Slpuyhc.’

Yuvolilovtag 6oa avagépaue mo mAvew Yo Aéyaue 6T TaL PopTia
Tou xWvolvTol PECO OE PoyYNTIXA TEdlol mou peTofdAlovTal XATd T
dievduvon z emPpadivovtar xotd prxoc Tou payvnuxol mediou ov
0B,/0z > 0, ev& 1 xddetn cuviot®oo e ToybTnTag ouidver €tot,
Wote N ok toyvTnTa vo mopapével otadepr. Mepixd goption Yo
(pTAooLY Péypet To onueio Tou N Tr Tou paryvnTixol mediou eivon tétola,
Gote 10 a = 90° xou Yo ‘avoxhaotolyv’ (dnhadh Yo xvyndolv npoc Ty
avtivetn xatediuvon).
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ITebBAnpa 2.3: Eva 16y 610 Sdotnua taytdedeton yetoll 8o yoryvr-
@V xodpe@tdv (BAéne Lyfua 1.6) ye (Bmin/Bmax) = 1/5 xou apyxt
evépyela 1 keV (v = v) 070 %€vtpo). Kde ‘xodpéptne’ xveiton pe to-
x0Tt vy = 10km/sec.

(o) Trohoyiote tny evépyeta nou Vo xepdioet T0 10V, P€ow AVAXAICEWY,

MegoaoTpiké vEQog

«—1=10°%km———>

ExAne 1.6. Emtdyvvorn Fermi 1wy xo0opux®v axtiveoy.

mpwv Stapiyet and toug dlo ‘xapépTed’.

(B) ILéo0 ypbvo Yo ypeetaoTel yior var anoXTHOEL AUTHY TNV EVERYELXL
(TrodeiZewc: (1) Oewpriote apytxd 6Tt O xVOUUEVOL pory ynTixol xor)pé-
ptee elvon xvoluevor ‘toiyor’. (2) Troloyiote tov apriud twv 6uY%poU-
oewv mou eivan avaryxaiec. (3) Yroloyiote to ypbévo T nou yperdleton
yioe va Stavioer v anbotaon L nohhés gopéc.)

Abom: Oheg ot tayltntee 1wV goptiwy Yo avagpépovtal 610 X€VTpo TwV
300 woryvnTix@y xodpe@tedv xon ot deixteg ¢ xou f Snh@vouy apyixéc xou
tehxéc xaTaoTdoEC avTioToty .

(o) Apywd vy = vyj, xon eneldh 0 poyvnuxd pornh (u = muv? /2B)
dratnpeiton otadep?|, TOTE v f = Vi, XAl POVO 1] TORAAANAY CUVICTHOC
)| Yo petaBdhhetan xatd TNV %Ivnon Tou 1OVTog €we 6Tou 1) Ywvia xAloTng
a TEEL TN YORAXTNELOTIXT TIUY

1/2
1 Bmin /

ay = SIn e
max

xat To goptio Stapelyet and Toug payvnTixolg xadpéptec. Ano tn oyéon
auTH €youpe
2
sinQam: 21}“2 = i 5 :1.
vigtop  LHop/vl 5
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Apa o Moyoc vﬁf/vii = 4 ot vy = 2v;. H tehier) evépyera unoroyileton
and 1 oyéon

1 1 D
Br = 5 M(vje +vip) = M4+ Doy = 5 M,
eV 7 apyxh
1 2 2 1 2 2
By = g M(vj; +vi;) = M1+ vl = Ml

Mropotye va unohoyiooupe to Aoyo Ef/E; = 2.5 xou GUVETHOC, 1) TENXT
evépyeta eivan By = 2.5F; = 2.5 keV.

(B) Av axohovificouue Tic unodeilelc téte: bTay To YopTio xiveiton pe
detn) toybTnTa, Ve o ‘poryvnTixdg xodpépng xiveltar e taydTnTa
vm < 0, 10 @optio ouyxpoleton wall Tou xou 1 xpovon elvor ehaoTixT
oto olotnua avagopds tou xadpéptn. 'Etot 10 goptio Ya emotpéet
pe v (S toydtnTa vg < 0. Av T geyédn 6to oloTHA AvapopdS TOU
xodp€pTr efvor ToVOUUEVA, TOTE Ol AEYIXES TAYUTNTES OE AUTO TO CUCTNU
avapopds etvar
vl =vg —vm  xou vf = —(Vg — Um),

omou vy < 0. Av xdvoupe évo JETAOYNUATIONS GTO GUCTNUA AVAPORSC
Tou @optiou, THTE

/
Vf = U + U = —Vo + 20,
xat aol 1 vy elvon apvnTer, ToTE N ueTaBohy g TaydTnTag efva
o] = o = 2Jvml.

H petafol| auth avagépetal 6Ny TUpdAANAT CUVIGTOOA TNS ToyTNTAS
TOU 16VTOG Yl ia 6UYXpouaT), dpa 1 UETABOAY TNS oppric avd 6UYXEOUOY)
elvou
Ap| = 2M |vy|.
Av N 10 mhfdog twv cuyxpoloewy, ToTE
Ol — Yl
P = P = Napy = N = —o5—.

2Um

‘Opog vjp = 2015 xon v = vj, dpa N = 1/2(vyi/vm).
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Ané v apyxn evépyea B = 1 keV unopolye va unoloyicouye v
V1 wg edhg

1
E = EM(”ii + vﬁi) = Mv?; = vj; = 3.1 x 10°m/sec,

émou M = 1.6 x 10727 kg n udlo tou évtoc xou By = 1.6 x 10716 Joules.

’ /7 /7 7
Apa to TAlog TwV cuyxpolcEwY eival

lwog;
N~ -2 5

2 Um

6mou vy, = 10% m/sec.

O ypeoévog mou anoutelton Yoo va Staoyioet v andéotaon L, N @opéc
ebvon T'= NL/ < v >, émou < vj > 1 péon toryhTnte Tou 16v10¢ Tou
divetar and 1 oyéon

<y >= %(’U“f +o)5) = %(21}3 +wvi) = %vh = 4.6 x 10°m/sec.
Apo T = 3.2 x 108 sec.

Mio mo axpiric andvinon Yo ynopoloe va dovel otneilduevry oto
yeyovog 6t xadde ot xadpépteg xvoivian, o uixog L petaffdhhetan
oto ypovixd ddotnua T xotd AL = 2v,T = 6.4 x 1012 m. Apa o
yeovoc Va eivan T'= ALN/ < v >= 2.5 x 108 sec.

1.2.2 Avopoloyévela xdUETA TEOG TIC oY VNTIXESG YEUUUES

Ac yupiooupe tdpa ot perétn tne xdetng duvoune F i (eZiowon 1.8).
Ta Staviouata rroj, vo xo e, andteholv éva opoydvio choTNUA G-

vietaypévey (By. 1.3) dpo vg X e, = —(r1o;/TLoj)v0 xou 1 e&iowon
(1.8) ypdpeton
0B,
Fuy = (oo (o 5 ). (119

O vnoloyioude g nocdTog < T‘Loj% > yivetar edxola av yenot-
pomotioouye éva xatdAANAa entheypévo SiddoTato xaptestavd oot
ouvIeTaYREVLY (€1, e2) xou ypdouye to ddvuopa tne axtivag Larmor
(BMéme Xy. 1.7) otn popen

T1L0j = T'L0j COS pe1 + rpo; sin gpes.
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"o

ExAwee 1.7. To xapteciavéd clotnua yio 1wy unoloytoud e Fo

Eivat yvwot6 b1 6tav
T = TCOos P, Yy =rsing
n napdywyoc (9/0r) avakbetar
0 Odrd 0Oy d 0 ., 0
o oron + oy cosqb% +Sln¢a—y.
Arahéyouye 1o payvntixd nedio étor wote (0B,/0y) = 0, dnhadh B =
B(z)es. Enewdf < singcos¢ >= 0 xou < cos? ¢ >= 1/2 1 e&iowon
(2.33) madpver ™ popen
0B,
F ;= —(lgj|/c)vorrojer < cos® ¢ > o

_ _lajlvore; 9B, OB,

B 2c or 1T ey

Y10 moapdderypar mouv oulnthooue to payvntuxd nedio elye TN Uopgh

B = (0,0, B,(x)), unopolye 6uws var YEVIXEUOOUUE auTd TO amOTENE-
oua Yedpovtag Ty xddetn Shvoun

_Hm

2B
dedopévou 61t B,(0) = By (0) = 0.

"Apa 1 avopotoyéveta xddeTa Tpog TI Yoy YNTIXES Ypouués Tou tediou

Yo mpooVéoel yia véo ohioOnon xdleto mpog TIC PAYVITUIXES YROUUUES

(BMéme Xy. 1.8) tne omolac 1 taybtnta eivon

i1 = (5) o) (52). o0

e].

F ;= V. B? (1.19)
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XXXXXXXXXXXXX
X X X x xP
X X B

X X
X X x Ty

ExAwee 1.8. H avoporoyévela tou poayvnuxol nediou avayxdler 10 Qoptio vo ol
o¥noet xddeta mEOC TIC PAYVNTIXES YPAUUUES.

To goptio extehel xuxAixh xivnon 610 CUOTNUO AYVUPOEAS TOL XIvElTAl
HE Tory TN T

Ur =1+ ’ngB,
émou vy Siveton and v e&iowon (1.12) evad to wg?
(1.20).

Yy nopdypago (2.2.3) oulnthoope v ohiodnorn xounuldtnrac,
EVG OE oUTH TNV TOEdYEapo UeheThoaue TNV oAloUnon Adyw avouoloyé-
vetag xdieta tpog N Stediuvon Twy oy VTG Yeaupodv. To goyvnuixd
nedia 610 xevd mapouctdlouy xou T Vo oholroel TawTdypova, yioti
N XOUTOAWOY) TWV HAYVNTIXOY YRUUU®OY GUVOSEDETAL Xat Amd OVOUOLO-
vével Tou nediou xdeta mpog TIC Yoy vnTiXéC Ypoppés. Ocwpolue éva
xapnuhopévo poyvntixd nedio ue B = Byg(r)eg. o 1o xevé woylber étt
V x B =0, dpa

an6 v e€iowon

10
V xB),=—-—(rBp) =0 1.21
(VX B), = —-(rB) (1.21)
ouvendg Ppioxovye Ty avopotoyéveto oto By o (1/R.), énou R, eivor

1 axtiva xaUnuAdTNTOC Tou Tediov, and TNV onola TEoXVTTEL

V,B> R,
B> R

Avtxahotdviag 10 V| B?/B? oty e€iowon (1.20) xor mpoodétovtac
Vv ohioUnon xopruidtnrac (egiowon 1.1) éyoupe

VB4c _ mjc R.xB 2 1,2
wiPte = e BXB [12 1 12 ). (1.22)
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IMe6BAnpa 2.4: 'Eva cwpatidio ye goptio g xou pdlo m 1n ypovixy
otyuh) t = 0 €yt xavnuxy) evépyeta U xon n taydtntd tou oynuatilet
yovio 0 ye 1o e€wtepnd poyvnuxd nedio. H évtaon tou poyvntixol ne-
diou meprypdpeton and tn oyéon B = By(1 + ax)e,, 6nou By xou a givou
Yetuxéc otadepés. T ypovind otypn t = 0 10 0dnY6 xévtpo Peloxeto
ot Véon (z = 9, y = 2 = 0), 6n0u 10 9 > 0.
(o) Now Bpedei 1 axtivar Larmor autou tou goptiou.
(B) No Bpetdel n poryvnuixd ponr tou goptiou (uéyedog xon diebuveorn).
(v) Tv nepropropoie mpéner vor Yéooupe Gote 1 poryyntux poni| vo eivar
oyedov otadepy;
(d) Edv éva eninedo tonovetniel oto onueio z = 2g, untoloyiote Tic oL-
vTeTaypéveg Tou ornueiou mou Yo ouvavTHoEL To 0d1Y6 x€VTeo To eninedo
Z = Z0-
(e) Kataoxevdote éva nhextpixd nedio mou Vo avoryxdoet 1o odnyd xé-
VTpo Tou Qoptiou va ytumAoet To eninedo z = zp 0T0 oNuElo T = o,
y = 0 ) ypovixh) otiyun t = 7.
Abom: (o) H axtiva Larmor

vL [q| B

— A Q —
rL, = —, OTnou = ,
(9] me

N x&eTn ouvioTwoo TN TaydTNTag elvan fom ue
v = |v|sind

xat 1 ohx) Tay TNt unoloyiletar and T oyéon

1 2U
L =U = ol =),
2 m
dpat
[2U
S sind c sin 6
= = —V2U .
"L <|Q|B> | q | By(1 + axg)

®)

xou

mvi m (22U sin? 6 Usin26
By

P=598 =2 \Um ) Bo(1+azo) Bo(l+axo)

(v) H ouvdixn nou npéner vor enahndedeton eivan
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10B oo ol

= r

B 0x Lo
dnhad?, 1 ywex| petofolt| Tou tedlou va lvon ToAD peyokltep and Ty
axtivar Larmor #

a c sin 0

— >> —V2Um———

1+ axg |q| Bo(1 + axp)

pded)

ino
a>> S UmEEY
lq| By

(8) Xto goptio Tou xwelton xatd urixoc tou avoyotoyevols nediov B(x)
Yo emdpdoet pior Shvoun

0B,
Fyp = ~Hm—~€x = —pBpaex,
X

dpa 1 oAioUnon Yo elvon

wgB = iIrVB X €e; = e €x X €z,
qB q(1 + axo)
6mou
ex X e, = —ey,
dpat
wyB cna ey.

- q(1 + axp)

To onueio mou cuvavtdet 1o eninedo 10 03Ny XEVTPO €YEL TIC GUVTETAY-
WEVESC 2 = 2, T = Xo XU Y = wgB -t + 1o, 6TOU

poF_ A A
v |v|cosf W cos9
dpat
_ cpa 20
y_q(1+aas0)' %COSG'

() Enedr 9éhoupe 10 goptio vo nopapeiver oty apytxf tou Véom,
Yo mpénel To Nhexteind medio va avaoteéder TNV ohicUnor mou npoxahel
7 avoyotoyéveta tou nediou. Anhad Yo npénet
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B
wh=ExB=— (“((Z_x)ex> x B.

Yrohoyiloupe 1o |E| xat tn yovia 8 nov oynuatilet to nhextpxd nedio
ue tov &ova z. H xivnon tou goptiou unohoyileton and v ediowon

dv,
;t = qF cos 3
dpat
(1) = 0.(0) + L (cos p = &
(% = Uy — =
m dt
2(t =t) = 29 = v,(0)t + —(cos ()
xou dpat
(z0 — 1/%(COS 0)t) o,
FEcos( = 2 7
Topa
FE cpuBoa
wl = o= = [wf?) = £2°
dpat
B
E, =2 _ Eging
q

‘Etot naipvoupe

()

tan g = - ,
(zo—\/%(COSO) t) 2m
12 q
B =tan"" pBoat?

2m(zg — \/%(cos 0)t) ’

xat 1) évtaon tou nediou Yo elvon fom pe

E= <m§oa>2 n (ZT";)Q <z0 - \/g(cose) t>2

1/2
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1.3 Avopoloyevég nhexteixd nedio xou opoyeveg
poyvnTixd nedio

H xivnon goptiou péoa oe opeyevéc otatixd payvntixd nedio (B = Byé,)
avopoloyevée nhextpixd nedio E = Ejcos(kx)eyx, neprypdgpeton and Tic
eClowoelC

: 4 4 Bo
By = m_{Ex(g:) + ;m vy (1.23)
J J
B
iy =~ 050, (1:24)
J

Mopaywyilovtac xou to 800 pédn twv elohoewy (1.23)-(1.24) éyoupe

Ex

By = —82vy; + 12 E(;”)c (1.25)
Ex

iy = —QFvy; — 27 E(;”)c (1.26)

Yav npdt npocéyyion dewpolpe 61t (Eyx/B)e << ve82;, xan dpa 1
Noon e eZlowong (1.25)- eivon z; = xg + rro5 cos(§25t). Ta var Peodue
XAAOTEEY TPOCEYYIOT, Yial TNV TEOY!IA TOu (opTiou, avuixahoTolue 6TNV
eliowon (1.26) to x and 10 opoyevéc TEdPfAnua xor unoloyilouye To
péso bpo,

<y >=— 025 < vy >
QE()C
- QjB—O < cos(k(zo + rroj cos(£2;t))) > . (1.27)
Yxondg pog efvon var UTOAOYIGOUUE TN CUVIOTOON TNG ToYUTNTAS TOU
petadiheton apyd pe to ypdvo. Enedh) < dy; >~ 0 (BAéne eliowon
(1.26) xon o Ly. 1.9), Beioxouye 6t

Eoc
<y >= —% < cos(k(xg + rroj cos(§25t))) >
Avarnticoouye 1o cos(k(yo + rroj cos(§2t))) oe ddpotoua NUITOVEDY xou
CUVNUITOVY X GTY) SUVEYELD, Jewpadvtog krroj < 1, avanticooupe o€
oetpd Taylor ypnotponowdvToc Toug THrouc cose = 1—e? /2 xousine = e,
ue e = krro;, xou, maipvovtag To Yéoo 6po, Peioxouye ot
ExB
VE _ 2,2
= wp[l — (1/4)k*rfy,]. (1.28)
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Ex

—> 5> PN e e <« <« [> > —5> —5> —> >

ExAwe 1.9. Kivion goptiou napousia avouotoyevolc otatixol NAEXTELX0) Xat 6Tat-
wxol paryvntixol nedlou.

H ohiotnon wh amotelel wo Siépdwon otny ohicdnon mou urolo-
yiooye yio 10 opgoyevéc nhexteixd medio. Biémoupe, dnhady|, 4t oto
avouotoyevég niextpixd medio 1 ohloUnon elaptdtar and 1o €ldog Tou
ooyatdiou. H Siépdwon auth ovoudleton ‘Siopdwon nenepaouévng anti-
voc’, (o xot 0 6pog k‘QT%Oj elvar onpovTInGg 6tay 10 uixog x0OUaTog
e avopoloyévelag efvon cuyxplowo pe ¥ ueyohltepo and TNy oaxtiva
Larmor.
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IIPOBAHMATA

3.1. "Eva opoyevéc Thdopa uSpoYEVou, Pe TuXVOTNTA Ne = n; = 1018 m?

Beloxeton o yodpo 6mou to poyyntind nedio €yet twuy By = 1 T
xat ot Jory WnTixég ypaupés €youv axtiva xaunuiétntag R = 1m. Y-
notieton 61t Gha 1o poptiar (nhextpdvior xon tévTaL) €youv eVEpyELa
W =50 eV xotaveunuévn étot wote Wi = We. a) Iotol unyoviopot
npoxahoy ohioOnon; IIbor eivon 1 taryltnta ohioOnorne (adpototixd
and 6houg Toug unyaviopolc); B) Avantiooetar 010 mAdopa Nhe-
xtpx6 pevpa; (Av var, téor eivon 1 tuxvdtnta Tou; Av Oy, yroi;)

3.2. Av vnodéooupe 4Tt 610 %EVTPO WG PAYVATIXRG PIAANG EAeLUTEQ®-
VOUUE Wi 100TROTIXY| xatavouy| nhextpoviwy, va Beedel 10 nocootd
TV NAEXTEOVI®Y oL TayISevETAL, AV TO EAAYIOTO Yoy VNTIXG TEedi-
o eivot Bpin = 200 Gauss, eve o yéytoto payvntixd nedio eivou
Bax = 4000 Gauss.



