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Hocera pa3rienaxMe TeopeMa Ha l'ayc 3a eI€KTPUIHOTO W MATHUTHOTO TIOJIE:
IMoToka HA €MEKTPUIHOTO TOJIE TIPE3 3aTBOPEHA MOBBPXHOCT € PABEH Ha ajiredpuyHaTa CyMa Ha 3apsauTe 3aTBOPEHH OT
IOBBPXHOCTTA pasgesneH Ha €9 — (P E.dS = q/eo;

IloToKa Ha MATHUTHOTO TOJI€ TIP3 3aTBOPeHa MOBbPXHOCT e Hyta — P ?d? =0.
KakTo u TeopemuTe 3a IMUPKyIANUSATA HA €JTEKTPATHOTO U MATHUTHOTO TOJIE:
HupKynanuaTa Ha eJIEKTPUYHOTO TIOJIe TI0 TTPOU3BOJIEH 3aTBOPEH KOHTYD € HyJa — § Ed_f =0;
Hupkynanusara HA MATHUTHOTO TIOJIE TI0 MPOU3BOJIEH 3aTBOPEH KOHTYD € PaBHA HA IPOW3BEIEHUETO HA, MATHUTHATA Bb3IPU-
eMYMBOCT BbB BAKYYM M aJreOpHYHATA CyMa Ha TOKOBeTe npecuyamy Koutypa — ¢ B.d I = pol.

Tesu ypaBHenus 3anucaxmve u B audeperimaina hopma;

V.E = o’ (1a)
V.B = 0, (16)
VxE = 0, (18)
VxB = puj. (1r)

Oxka3Ba ce, 4e KOraTo uMaMe IIPOMEHJINBY €JeKTPUYHO ¥ MATHUTHO TIOJIE TE3W YPABHEHHUS ce MOTUMUIUPAT [0 YPABHEHUS
na Makcyes:

VE = 2 (2a)
€o

V.B = 0, (26)
. OB

E = —-— 2
¥ x =, (20)
L . OF
VXxB = pupj+ poco—4r (2r)

ot’

BbB BakyyMm, 6€3 3apsaan ¥ TOKOBE ypaBHEHHUsiTa Ha Makcyea mpeMrHABAT B MO-CHMETPHYHA, (popma:

V.E = 0, (3a)
V.B = 0, (36)
. OB
E = =
V X 5 (3B)
- = OF
B = =
V x Ho€o at, (3F)
Sagaun:
1.1

Wsnonssaiiku ypasHenusTa Ha Makcyen BbB BakyyM (ypasHenus (3) ) mokazkere, de eJIeKTPUUHOTO U MATHUTHOTO TOJIE
VAOBJIETBOPABAT BbJIHOBU YPABHEHUHA OT BUIA:

1 0%f
Af=——= 4
F= a0 (4)
1.2
Wsznonzeaiiku pe3ynraTa OT MPEIUITHATA, 3413898 TTOKAXKeTe, Ue MIOCKA W MOHOXPOMATHYIHA BhLJIHA OT BUJA:
E(z,t) = Egexpli(kz—wt)],
B(z,t) = Byexpli(kz—wt)],

KBJETO W € YeCTOTaTa Ha BbJHATA a 2 € MIOCOKATa Ha Pa3IpOCTPaHeHNe Ha BbJIHATA, € PellleHne Ha ypaBHeHnATa Ha Makcyen
BbB BaKyyM.

1.3



TTokazkere, ge cepuvna BbIAHA OT BHIA:

- Ssin 1 1
E (r,9,¢,t) = ASli [cosu — ksinu} ,

r

KBeTo U = kr — wt, w/k = ¢ u BekTOpa A €:

A= (0,0, A4y)
YI0BIETROPSBA BCUYKHU YeTHPU ypaBHeHUd Ha Makcyenm BbB BaKyyM W HaMepeTe MAarHUTHOTO TMOJe KOETO ChOTBETCTBA, Ha,
TOBA eJIEKTPUYHO I0JIe.
YubrBane: paborere B C(DePUIHU KOOPIWMHATY U U3IO/3BalTE, de:

L 10, 10 1 0E,
V-E= r2 Or (r°E:) rsind 09 (Eysind) + rsind O¢ ’
o o 1 0 . OEy
(VxB), = o [819 (Eosind) = 52

- s 1 0E. 190
(VXE)ﬁ ~ rsind 0¢ _;E(TE@’
LN 10(rBy) 10E,
(VXE>¢ T v o rov’

14
]._.[OKa}KeTe7 € IIJIOCKH M1 MOHOXPOMATHUYHH BBbJHH KOHUTO CE€ PA3IIPOCTPaHABAT IIO IIOCOKa Ha 2 BBbB BBJ/JIHOBO C HACAJTHHU
METaJIHU CT€HHW W UMaT BH/a:

E(x,y,2,t) = Eq(z,y)expli(kz — wt)]

— —

B(z,y,2,t) = By(z,y)expli(kz —wt)]

TPsiOBA 14 yIOBIETBOPSBAT CJIEIHUTE YPABHEHUSA:

0? 0? wN\Z o,

{39:2 +8y2 +(E> _k]EOZ =0
0? 02 w

[W trt (£) -+ } By: = 0

1.5
W3nonssaiiky pe3yarara OT MpeJUINHATA 337ata, PEIleTe 3a7adara 3a pasupocrpanenne Ha TE BbIHM B IpaBObLILICH
BBJIHOBOA (dur.1).

e

Qurypa 1:



Pemennsa:
Ot ypaBhusTa Ha Makcyen BbB BakyyM (3) B3uMame poranus Ha ypasHenue (3B) =

5 (O« B = (o 7 = o oB
VX(VXE) - V(V.E)—AE_VX<—(%>:>
——
=0
. 0B 0 (o = ) OF 0°F 3}
) T "o B)=-o - | = —moco—5 = -AE
VX ( 8t> ot (V X ) ot <“°€° z%) Ho20 52 -
- O%E
AE = NO50¥~
AHaJIOrMYHO 32 MAHUTHOTO LIOJIE aKO B3eMeM porauus Ha ypasHenue (3r) =
= (S« B (S 7 5o OE
Vx (VxB) = V(V.B)-AaB=Vx (luogoat> =
——
=0
= OE 9 (o = o ( 0B 8°B .
VX (MOSOat> = Hofom, (V X E) = Hogo 5y <_8t> = THofo 5 = —AB =
- 9*B

AB = HOEOT

3na4um cera uMame OTAE/JIHU YPaBHECHUA 3a CJIEKTPUYIHOTO U 3a MAarHUTHOTO IIOJI€

, 9’E
AE = —
Ho€o 912

- 9°B

pasbupa ce Te ca mudepeHnuaIHu YPABHEHUS OT BTOPU PEI, 33 pa3iuka or ypaBHenusaTa Ha Makcyen. Tesu ypaBaenus
Ca BBHJIHOBH YPABHEHUsI OT BHUIA HA:

1 9%f
Af=-=21
/ v2 Ot2
cbe cKopocT v = ¢ = 1/\/moco
1.2
OT npeumbarTa 3a0a49a TOJYYAXME CJASTHATE YPABHEHUS:
- OE
AE = MOEOWv
= 9°B
AB = €0—=>5,
Ho€o 12

KOUTO W3BEJOXMEe OT ypaBHeHWATa HAa Makcyen BbB BaKyyM = BCIKO pellleHde Ha ypaBHEHUATa Ha Makcyen BbB BaKyyM
Tpsi0BA 714 € pellleHne W Ha TOPHUTE IBe ypaBHEHHUs, HO He u obparHOTO. IIpoBepsBaMe maiu MJI0CKA M MOHOXPOMATHUYIHA,
BbJIHA C YECTOTa W PA3NIPOCTPAHABAIIA CE€ B IIOCOKA 2!

E(z,t) = Egexpli(kz —wt)],

B(z,t) = Byexpli(kz —wt)]

€ pelleHue Ha BbJIHOBUTE YPABHEHUA =

EO:C EO;c
—k‘2 Eoy = —MoEowQ E()y
EOZ EOz
BO.’E BOx
—kz Boy = —M0€0w2 Boy
BOz BOZ



= ca pemenns korato k? = w?/c? . Ba nma ca u permenns Ha ypaBHeHHATa Ha Makcyesl TO TpaOBa 1a TH yIOBIeTBOPSABAT:

)

{11 <l
v

9
OB
av
OFE
Moﬁoa-
[IbpBuTE ABE ypaBHEHUS HU JABAT Foz =0u Byz =0 (B’bB BAaKYYM €JEeKTPOMArHUTHATA BbJAHA € HaHpeqHa). Ha pazraemname
cera TpeTOTO ypaBHeHI/Ie KaToO H’prO CMEeTHEM JIdBaTa U JdCHATa YaCT OTIACTIHO =

<
X
=
I

<
&
I

X

e, e e
VxE = 2 a% 2| = —ikEgyexp[i (kz — wt)] e, + ikEog exp [i (kz — wt)] e, + Oe.
E, E, 0
OB ) _ . .
5 = iwBog exp [i (kz — wt)] e, + iwBoy exp [i (kz — wt)] e, + Oe,
=
—kEoy = wBOx
kEOI = wBoy

KOHUTO paBeHCTBa MOXKEM Ja 3allulleM C €JHO BEeKTOPHO PaBE€HCTBO OT BHOA:
N k -
Bo = — (ez X Eo)
w
KOETO 3Ha4Y¥1, Y€ MarHuTHOTO T0JIe € TIePIUCHINKYJIAPHO Ha €JICKTPUYIHOTO TOJIe.

1.3
Hexka mbpso ma mokaxkem, e V.E = 0 33 chepudnn KOOPAWHATA UMAME:

— 1 0 5 1 0 . 1 8E¢ . 1 (9E¢, _
VE=Ga | mE | Y rmmva (2 | i e g 90 0
-0 -0 ~—
=0
CJIeJ] KOBTO Heka nossaMe ypashenne V X E = —%—Jf 34 4 HAMEPHM MATHUTHOTO 11071e B
0B S o 1 d dEy 1 9 ,
_ = = E) = —— | = (E,si - = ————(Eys
<8t> (Vx >r rsinv 819( ssin?) 0¢ rsin19819( ssinv)
r ——
=0
OB . 1 0E, 190 10
— [ = = EF) = —— - = Ey)=———(rE
<8t> (VX )19 rsind d¢  ror (rEy) r or (rE)
[ ~—
=0
o8 . 10(rEy) 10E,
— _— = E = —-——— =
<8t> (Vx )qﬁ r  Or r O 0
P —— ~—~—
=0 =0
=
— iﬁ = ;g AM cosu—isinu —M cosu—isinu
ot ~ rsindag \U0 kr N r2 kr
(f’;:)ﬁ _ 7%%(@@5):—%% (Aosinﬁ{cos(krwt)klrsm(krwt)DW(ksinwicosuwsinu
oB
_<8t> =Y
¢

)



cjie[], MHTErpupaHe 10 BPEMETO U OTUYUTANKH, de:

1
/cosudt = ——sinu
w
. 1
/smudt = —cosu
w
=
2A Y 1
B, = 70628 <1nu—|—cosu>
wr kr
Apsind 1 1
By = Losy —kcosu + —sinu + — cosu
wr r kr?
By, = const
Hexka cera ga mpoBepuM, |e V.B = 0. Ornoso paboruMm B ceprIHN KOOPIAHATH:
5 o 10 1 0 1 0By
V.B = ——(r"B, ———— (Bysind - — =
r2 Or (r* )Jrrsinﬁ@ﬁ( S )Jrrsmﬁ 0¢
~——
=0
1 24 9 0 1 1 A 1 1 0
= = %87" (smu—l- o cosu) + rsinﬁﬁ (—kcosu + ;sinu + ] cosu> 39 (sin2 19) —
2Aq cos 2Aq cos v

wr?

9 1" 1 3
=~ kcosu—;smu—mcosu +

1 . 1
—kcosu+ —sinu+ —cosu | =0
r kr?

OcraBa ga nposepuM, 1e V X B = 012 G pa3rne>K)1aMe JsICHATa YacT Ha TOBA yPaBHEHUE:

1 (0E _ Apsind ( i+ w ) _Ap w sind Jsinu + 1 _
2\ 5 = a2 wsinu . cosu ) = R - sinu - cosu | =
b ~~

=cC

Ap sind < . 1 >
= — ksinu + — cosu
c r r

Cera pasryexjaMe ¥ JgBaTa 9aCT HA YPABHEHUETO:

N 19(rBy) 10B. Ay sind O (—kcosu+ Lsinu+ gz cosu) 24, 1 O cosV
% B) - = — r r 1 _
( x é r  Or r OU rw Oor Cwrd sinu F kr cosu oY
= M kzsinu—isinu—i—ﬁcosu——cosu sinu + — blnu—&— cosu | =
- wr r2 r kr3 r2 72 kr3 o
k Agsind [ . 1 Apsind [ . 1 1 (0E
= ——— | ksinu+ —cosu | = — ksinu + — cosu == |5
w r r c r r c ot

1.4
Ilomexxe umame naecaJieH IMPpOBOAHUK TO €JICKTPUYHOTO W MAarHuTHOTO IOJI€ B IIPOBOAHUKA Ca HYJIa W UMaMe CJICIHUTE
T'PaHUYIHHU yCJIOBUA Ha IIOBBPXHOCTTA Ha IIPOBOJAHHKA:

El = o,
B+ =

ITomerara E¥ u B TpabBa ma ya0BIETBOPSIBAT ypaBHEHUsITA HA MaKcyes BbB BAKyyM 3a€IHO C TOPHUTE TPAHUIHN YCIOBHI.
Hue ce narepecyBame Or IJI0CKA M MOHOXPOMATHYHA BbJIHA PA3HPOCTPAHSIBAIIA CE TI0 MOCOKA HA 2 M UMAIA BUIA!

E(z,y,2,t) = Eq(z,y)expli(kz — wt)]

B(z,y,2z,t) = By(z,y)expli(kz —wt)]



3amecTBaMe TOPHUTE JBE YPABHEHHS B CJEJHUTE ypaBHeHHs Ha Makcyem:

- o dB
VXE = ——
x ot’
. 1 0F
B = =
VX c2 ot’
=
any 8E0m . 8Boy 830m LW
— = B — =—i—FE
Ox Oy 10z, Ox Oy b
8EOZ . . 830 . L w
3y —ikFEyy, = iwDBog, 3yz —ikBoyy = —ZC—QEOx
. 6EOZ . . 830 LW
ZkEow — ay = ZwBoy, ZkBO.’L‘ — Tyz = —ZgEoy
Topaure ypaBHeHHS MOXKEM Ja pemuM cupamo Fog,Foy,,Bog,Boy =
i OFEo, 0By,
Ey, = k ,
' <w/c>2—k2( or oy )
> _ i (k 0FEy, B WBBOZ)
o W/2— k2 \ Oy oz )’
B _ i kaBOz i i a-EOz
T WP\ o & oy )
B i kaBOZ iaEOZ
o (w/c)® — k2 oy 2 or )

Toect ako 3Haem kommnoneHTuTe Ey, n By, TO MOKeM n1a HaMepUM BCUYKK KOMIIOHEHTH. 3aMecTBaMe FOpHUTE YpaBHEHUs
B JpYIUTe ABe ypaBHeHus Ha Makcyen:

Eana pb3moxkuocr e koraro Ey, = 0, no By, # 0 TakuBa BbJHU ce Hapuyar HanpedHo ejsekrpudnu Bbiauu (TE) npyra
BB3MOXKHOCT € Korato Bg, = 0, no Ey, # Orakusa BbjaHU ce HapudaT Hanpedno mMarauTHu Bhiaau (TM). Nua u manpedno
enekTpudnu u Marauthu Bbiaau (TEM) koraro Ey, = Ou By, = 0.

1.5
Or npenuiaaTa 3a7a9a UMaMe, 9e eJIeKTPUIHOTO [ToJIe TPAOBA 3 YAOBIETBOPSBA CJIEIHUTE YPABHEHUS:

0? 0? w2
45+ (~) —K|Epn = 0
{3x2+3y2+(0) 0
0? 0? w2
— + — =) —k*|Bp. = 0
[5x2+8y2+<c) } 0
3aelHO ¢ TPAHUYIHUTE YCJIOBUA BbPXY CTEHUTE HA BbJIHOBOIA:
El = o,
Bt =

ITonexe Tbpcum TE pemenune to Ey, = 0 u me npencrasum By, Ipe3 pa3aereHn TPOMEHINBH:

Boz (z,y) = X ()Y (y)
6



ay2 ' \¢
Y (y) 82;;30) + X () 52;;@ + [(‘Z)Q . kﬂ X@Y(y) = 0=

0?X (z) %Y (y) 9 w2
Yo Y Go? {’“‘( ”

=
82X (.’IJ) _ _k2
X (z) 0z? v
aQY (y) _ *kQ
Y (y) 0y? Y
2 2 w2 2 _
—km—kﬁ(;) K =0

Or Tyka cnenpar pemennsaTa 3a X (z) n Y (y):
X (z) = Ajpsin(kzz)+ By cos (kyx)
Y (y) Ay sin (kyy) + Bs cos (kyy)

OT rpaHUYHUTE yCIOBASA MMAME:
BOw (07 y) = BOx (av y) =0

IIOHEeXKe:

By = ZL; 8BOZ7

(w/c)® — k2 Oy

—iw 0By,
B = e e

B - ik OBy,
: (w/e)® — k2 0w’

ik 0By
Boy = (w/e)? — k2 Oy

=
9B (0,y) _ 9B (a,y) 0=
Ox Ox
A = 0, ky=mn/a, (m=0,1,2,...)

Ananormano mmame:

By, (x,0) = By (z,b) =0

=
0By, (x,0)  0Bg. (x,b)
dy N oy =0=
Ay = 0, ky=nn/a, (n=0,1,2,...)

OKkoHYATETHO HMaMe 33, pemeHueTo:

BOz

Z By, m, cos (mx) cos (n—ﬂy> ,
a b

n,m=0

ko= \/(W/C)Q—w2 [(m/a)2+(n/b)2]

Axko

2 2
w < m\/[(m/a) + (n/b) }
BbanosusT BeKTOp Ak cTaBa MMArdHEPEH W BMECTO Osralla BbhIIHA IMe NMaMe eKCIIOHEHITHAIHO Obp30 3aTUXBAIIA BhJIHA.
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