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Ypasuenusita Ha Maxkcyen B audepenimanina hopma ca, :

V.D = p, (Gauss's law)
V.B = 0, (Gauss's law for magnetism)
o B
VxE = —%—t, (Faraday's law)
- D
VxH = j+ %T, (Ampere’s law)

—

K'bJIETO E" € MHTEH3UTeTa Ha €JeKTPUIHOTO NOJe, B e MHTeH3uTeTa Ha MACHMTHOTO IO, De eJIEKTPUIHATA MH/YKIHST
(D = eE+P, P ¢ BeKTOpA HA IOISPU3AIIS, 33 IMHCHHE cpe;m umame D = ¢E), H e varnurnara unnyxuus (H = B/ pug—M,
M e BEKTOpAa HA MArHUTH3AIMA, 33 JUHEHHH cpean mmame H =B /1), p € WIBTHOCT HA CBOOOMHWUTE EJEKTPUIHA 3aPSA/IH, j
€ IUIbTHOCT HA €JIEKTPUYHUAT TOK OT CBODOIHUTE 3aps/Iu.

Sagaun:

1.1

[1;10cKo-MOHOXpOMATHYHA BbJIHA C YECTOTA W Ce PA3IPOCTPAHABA B MOCOKA 2. EJEKTPUIHOTO M MArHHUTHOTO IIOJIe Ha
BBJHATA CE JAaBaT KATO:

E, (z,t) = [For,0,0]exp (ik1z — iwt),

—

E
Br (z,t) = [O,UM,O} exp (ik12z — iwt) ,
1

TOECT BbJHATA € MOJISAPU3UPAHA, KATO eeKTPUIHOTO TIOJIE € B HAIPABJIEHHE T & MATHUTHOTO IMOJIe B HANPaBeHue Y. BbiaHara
a/1a IepreHUKYAsSPHO Ha IPAHUIATA MEXK/Ty JIBE CPejif, KAaKTO e mokasano Ha dur. 1. OT agB0 cpeara uMa eJeKTPUIHA U
MArHUTHA BbH3MPUEMYUBOCT €1 U {41 & OT JICHO CPEIATA UMA eJIeKTPUYHA U MATHUTHA BB3MPUEMUYMBOCT €9 U Uz. CKOPOCTTA
HA PAa3NIPOCTPAHEHNE HA BbJHATA OT JISIBO € U1 & OT JICHO € vo. Hamepere eJeKTPUYHUAT WHTEH3UTET (M MATHUTHUAT) Ha
IpeMUHAJATA U OTPa3eHaTa BbJHA.

VubTBaHe: MPEMUHATIATA BBJIHA, 1€ UM €JeKTPUIHO U MATHUTHO TIOJIE OT BUIA!

Er (z,t) = [For,0,0]exp (ikaz —iwt) ,
Br (z,t) = {0, ETOQT, 0} exp (tkaz — iwt) ,
a OTPa3eHATa BLJHA IME € OT BHAJA:
Egr(z,t) = [Eor,0,0]exp (—ikyz — iwt),
Br(z,t) = [ ,fEU—OlR, exp (—ik1z — iwt) .

1.2

OcobeHo MOJEPHO B MOCIETHOTO JTECETHIIETHE € Ch3JaBAHETO HA TaKa HapedeHuTe MeraMarepuasn. ToBa ca W3KyCTBEHH
MAaTEPHAIIN, IPOEKTUPAHY Ja UMAT CBONCTBA, KOUTO HE Ca JOCTBIHU B IPpUpPoaaTa. Enun TunnyeH npuMep 3a METaMaTepPuall,
€ MaTepHuaJl ¢ eTHOBPEMEHHO OTPUIIATETHA JUeTeKTPUYHA U MAarHUTHA IPOHUIIaeMocT. KaTo ciencTeue, TaKbB MaTeEpUa HMa
¥ OTPHIlATeNIeH OKa3aTel Ha MpedyIBaHe.

3a Marepuasy ¢ OTPUIATENEH [OKA3ATe/ Ha IPEdyNBaHe € U3BECTHO, Y€ BeKTOPbT HA IToHHTUHT (BEKTOPDHT, KOWTO MO
Ka3Ba II0COKATA HA GHEPrUiiHWs MOTOK - [OCOKATA HA DPA3IPOCTPAHEHWE HA CBETJIMHATA) U BHJIHOBHUAT BEKTOD (BEKTODDBT,
KOIITO IIOKa3Ba [OCOKATA HA UMIYJICA) UMAT [IPOTHBOIIOJIOXKHY IIOCOKH, JIOKATO 33 MATEPUAJH C IIOJIOKUTEJIEH I0KA3aTe] Ha
npeuynsade, BeKTOpbT HA I[OWHTHHI 1 BbJIHOBUAT BEKTOP MMAT €JHAKBU [1OCOKH.

Hamepere 3a mpenummHaTa 33/a9a HHTEH3UTETa HA €JIEKTPUYHOTO MOJIe HA MPEMHUHAJIATA BbJIHA, KAKTO U HA OTPA3eHATa
aKO CpelaTa OT JISIBO UMa €JeKTPUYHA M MAUHUTHA, MPOHUIAEMOCT ChOTBETHO €9 U fio (TOBA € BAKyyM) & OT JSCHO MMaMe
€JIEKTPUYHA ¥ MArHUTHA IPOHUIAEMOCT ChOTBETHO —&g U —[ig (TOBA € TaKa HAPEUEHUST AHTUBAKYYM ).

1.3

AKo umaTe HOBbPXHOCTHH TOKOBE C ILIBLTHOCT j TO pemrere 3aza4da 1.1
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Qurypa 1:

Hamepere gecrorara Ha cBOGOZHATE KOMeOAHUS HA ILIA3MA, KOATO € ChCTABEHA OT €JICKTPOHU U IOJIOXKHUTEIHA HOHM, ChC
3apda/ paBeH HA 3apd/1a Ha eJeKTpoHa, u Opoit B equania obem N = N; = N,.

Vubreage: usnonaspaivre Mojena Ha IJIA3Ma, B KOATO 3apEJCHUTE YACTULM HE CE YJAPAT, & Ce JIBUKAT B CyMAapHO €JIeKT-
PUYHO MOJIE, KOETO CAMU Ch3IaBaT. PasrienaiiTe 0TMECTBAHETO HA €JIEKTPOHUTE CIPAMO HOHUTE W U3MOA3BANTE PE3YIITATA 34
€JICKTPUIHOTO TIOJIEe HA TLIOCHK KOHACH3aTOp. JIBHKeHueTo Ha HOHUTE, MOXKE /18 TpeHebperneTe MoHeke MacaTa Ha, HOHUTE e
MHOTO IO-MAJIKa OT MaCaTa Ha eJIeKTPOHUTE.

1.5

Cdbepa ¢ pamuyc R ce mogbpxa npu norennuan V (6, R) = Vo sin? (A/2) namepere norenrnuana sbrpe B cdepara (r < R).

1.6

3a npenuinHaTa 3a1a49a HaMepere MoTeHnmaa u3sbH cdepara (r > R).

1.7

Hezapenena meranna cdepa ¢ paauyc R e mocraBeHa B HHAYE €THOPOIHOTO €IEKTPUTHO MOJIE C TOJTEMHHA, E= EyZ (bur
2). Hamepere morennuasa u3BbH cdepara KaKTO U UHAYIUPAHUAT TI0 TOBBPXHOCTTA 3apsii BLPXY cdepara.

Yubrane: EjeKTpudaHOTO mMOJIE, e OTMECTH MOJOXKUTETHUTE 3aPAId KbM CEBEPHUST TOJC & OTPUIATETHATE 3apsiin
KbM I0KHUAT 10J10¢ (ur 2). Taka MHAYIUPAHUTE €JEKTPUYHHU 3apPA/Id 1€ MPOMEHAT €JeKTPUYHOTO Ioje B Gau30CT 10
cepara. 3a Ja pernuTe 3a1a9aTa MoJI3BalTe U Pe3yaTaTa OT MPEAUITHATE 33JaUH.

Z

Qurypa 2:



1.1

3a a2 HAMEPUM EJIEKTPUIHOTO TOJIe HA MPEMUHANATA BbJIHA U HA OTPA3EHATA, 1€ TOJI3BaMe TPAHUYHUTE YCIOBUS TPU-
JIO?KEHM Ha PaBHUHATa MEXK/y JIBeTe CPeJu:

El = El B =e&E;
Bl = B+ Bill‘ — Big
! 27 241 H2

TMOHeyKe HAMAaMe KOMIIOHEHTH Ha €IeKTPUYHOTO ¥ MArHUTHOTO TOJIE 10 0CTa 2 TO TPUBHAIHO ce M3MbiHssar Bi = By = 0
u e B = e3F3 = 0 or apyrure aBe TPAHUYHH yCIOBUA MMAMe:

Eor + Eor = Eor
1 (E E 1 E
- (OI _ OR) _ - =or & Eor — Eop = /”leOT
M1 U1 U1 M2 V2 H2V2
~——
=B
=
1-5
E = — | E|
OR <1 T ﬂ) 01,
2
E = — | E|
oT (1 n 5) oI
1.2
Pemapa ce KakToO HpeaMIIHATa 330498 PAa3/IMKaTa e, ue cera Koeduuuenra [ ce 1aBa KaTo:
_ H101 _ HoVo -1
H2V2 (*Ho) (*Uo)
=
1-p
E = —— | Egr =0
OR <1 T 6) oI )
E = 2 Eogr=FE
or = 1+ 3 0l = Lor
1.3
AH&JIOI‘I/I‘-IHO Ha 3aJa49a 11 nMamMe FpaHI/I‘{HI/ITe y(ZHOBI/IHI
El = E|, «Bf =eE;,
Bl gl .
Bf = By, 1 -—2=j

H1 H2

IIOHezKe HAMAME KOMIIOHEHTH Ha eJeKTPHYHOTO W MArHATHOTO HOJIE IO OCTa 2 TO TPUBHAJHO ce M3NbaHaABAT Bi = By = 0
u e Bf = e9F5 = 0 or jpyrure jBe TPAHUYHH yCIOBUA HMAMe:

Eor + Eor = Eor
Eor  Eor  Eor . 1- 5) . 11
H101 QU1 o2 J o (1 +p or—Jq + B
=
1-06 . 11
EBor = (~—2)Ey- :
OR (1 +5> 0r ]1 e
2 . U1
E = _ E —_
0T <1 +5> oI Jl 13
1.4
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Pasrnexxname enuH Ge3KpaiiHO AbIblI M IJIOCHK CJIOH OT IIa3MaTa, B KOATO 3apeJeHHTe YACTHIX He Ce YIPAT, a Ce
OBUXKAT B CYMApPHO €JIEKTPUYHO II0JIE, KOETO CAMH Cb34aBar. IIpu OoTMecTBaHE Ha eJIEKTPOHUTE MEPIEeHIUKYJISAPHO Ha CJI0s
HA PA3CrOdHUE T, Bb3HUKBA €JIEKTPUYHO 110JI€ F, WIEHTUYHO HA 110JIeTO HA IUIOCHK KoHuen3arop (Bux dur. 3). Tosa nose
E e nponopuuoHasno Ha eeKTHBHATA MOBbPXHUHA IIBTHOCT Ha 3apamure o = ¢/s = NVe/S = zeN | KoATO Bb3HUKBA B
00JIACTHTE HA HEKOMIIEHCUPAHUTE 3aps/U Ha NOBLPXHOCTTA Ha ¢ios (E = o/eg). Tlonero E cb3nasa cuna F' KodaTo jeiicTsa
BbPXY BCEKHU EIEKTPOH:

2
e‘N
F=eFE=—=x
€0
Tazu cuma e HaCOYEHA Cpelny OTMEeCTBAHETO, TOECT CTPEMH €€ Ja BbPHH €eKTPOHUTE OT MOBBPXHOCTHHUAT CJI0H 0OpaTHO
B mia3mara. Torasa 3akona Ha HiOoTOH 3ammcan 3a eJIeKTPOHHUTE O JeHCTBHETO HA Ta3u CUJIA €:
Pz 2N
me=m— = ———2T
dt? €0

KOETO € ypaBHCeHHUE Ha OCIIUJIATOD C YeCToTa W:

+
=+ + _ |t}
= + ¥ 5
e +
| 3 3 + I3
b t -+ h
- — p— —
A e P

Durypa 3:

1.5
B cdepuunn koopaunaTn ypasnenunero Ha Jlamac e

10 (,0V 19 oV 1 v
N7y G LA I Sy PNV S
V=125 (’" 8r>+r2sin989 (bm 69)+r2sin26 g2 0

OT CHUMETPUATA Ha 33a7a9aTa, CIEIBA, Te %—g = 0 u cjen npusiaraHe Ha METONA Ha padzessHe Ha npomenausure (V (r,0) =

R(r)©(0)) =
L9 (0B 1 0 [ 200N
o \" o) osmeas \"™0%8 )

II'bPBUAT YJIEH 3aBHCHU CaMO OT 7" a BTOPHUAT 3aBUCHU CaMO OT 0 = Bceku €JIUH € KOHCTaHTa

1 8 [ ,0R 19 00

PAJMAJHOTO ypaBHEHUE UMa pelenue R ( ) = Arl4+-B(r)~!~! nokaro HTIOBOTO ypaBHeHHe MMa PeIleHHs MOTHHOMETE Ha JIHo-
xanabp O (0) = P (cos ), kbaero Py (z) = & (d/i 2—-1)") http://mathworld.wolfram.com/LegendrePolynomial.html

= 00IIOTO peIeHne e:
e}
E (Alr l+1) P (cos®)

=0




TOHEKe ThPCHUM TMOTEHINANA BbTpe B cdepara, a mpu r — 0 6uxMe MMaaM CHUHIYJISpHOCTH TO TpabBa B; = 0 a mpm

r=R=V(R,0) =Vysin®(0/2) =

Z AR'P, (cos 0) = Vysin? (0/2) = % (1 —cosh) = % (Po (cos @) — Py (cos b))
1=0

Vo

2
Vo
2R

n Bcwaku ocranaan A; = 0 =

V(r,0) = % (1 - %COSH)
1.6

PemaBa ce karo mpeaumiHara 3amada, A0 MOMEHTa B KONHTO CMe HAMEPHIN ODIMWSAT BUI HA IMOTEHIHANA, 0e3 13 cMme
HaAJIOKEJIW TPAHUYHUTE yCIJIOBUSA, TOECT UMaMe CJIEJHUAT ITOTEHITNAIT

- B
V(r,0)= Z (Alrl + THII) P, (cos0)

=0

O4eBUIHO IpU T — 00, V =2 0= A, =0=

oo

B
V(r,0) = Z TlTllpl (cos )
1=0

HaJIarafiku TPAHUYHOTO YCJIOBHE BbPXY cdepara mMame:

= B
S 2L Py (cos6) = Vpsin® (6/2) = 2 (1 — cosh) = 2 (Py (cos6) — P, (cos6))
= R 2 2

=
B, = W&
2
2
5, _ VR
2

a BcUYKU ocranaau B; =0 =

V(r,0) = V;—TR (1 fcos@)

1.7
Ilonexxe cpepara e MeTaaHa, TO TOBLPXHOCTTA U € eKBUIoTeHnna na. Ha majgeu or cdepara TpsaOBa 1a HMaMe XOMOIEH-
HOTO II0JIe, KOETO UMaMe IIpU OTCherBue Ha cepara F = EyZ = V — —FEgz 4 const nonexe Ha eKBATOPUAIHATA, PABHUHA
IIOTECHIOWAJIa € HyJa TO | const = 0 u HEe UMaMe CIIEAHUTE I'PAHUYIHN yCIIOBHA:
V. = 0, r=R
V. — —Eprcosf r>>R
TTom3Baiiku moTeHIna a Ha cepara OT MPEIUNTHATE 3ATATH HMaMe:

oo

B
V(r,0) = Z <Alrl + rl+l1) P, (cosb)

=0
OT TOPHUTE I'PAHUYHU YCJIOBUA =

By
R+

e —_A R2l+1
1 l
l_g - (Al’l" + Tl-i-l) .Pl (COS 9)

AlRl +

0¢ B = —AR"™!

Z ArtP, (cos8) = —Eyrcosf
1=0

Q



= Ay = —Ey a Bcuuknu octanann A; = 0 mwim OKOHYATEIHO MMaMe:

3
V(r,0) =—E (7‘ — ]:2) cos

aKO MCKAaMEe /I3 3HAEM MHIYLIUPAHUAT 3aPsAs BbpXy cdepara TO MOXKe JIECHO /13 I'0 HAMEPUM OT I'DAHUYHUTE yCJIOBUS MEXKILY
BaKyyMa ¥ MeTasa (B MeTaja HaMaMe Mojie) =

oV R?
o(0)=—eo—=—|r=r =€0Fop | 1 +2— ) cosO|,—r = 30 Fp cos
or r3



