COBPEMEHHDbIE J1IA3EPbDI:
HOBble rpaHu cBeTa

Jlekuums 2.

CBETOBbIE BOJIHbI

CBeieHnst N3 ariekTpomarHuTHom Teopumn. BonHosoe
pelleHne ypasHeHun Makceenna. ['nockune n
chepunyeckme BonHeol. [Nonspusauus. Heprus,
MOLLIHOCTb, MHTEHCUBHOCTb 3/1EKTPOMAarHUTHOro nosn4.
[fayccoB ny4yok - popma HanpasfieHHOro
pacnpocTpaHeHNa CBETOBOW BOJIHbI.



HekoTopble BbIBOAbI :

1. CBeT 0obnagaeT BONMHOBbLIMU CBOMCTBAMMU.

2. CeT - 310 ANEeKTPOMardnTHbl€ BOJTHbI ONTUYECKOro Anana3oHa.
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3. CBeT (kak BOfiHa) MOXET NPOosIBIIATb CBOMCTBA MOHOXPOMATUYHOCTH,

BpeMeHHOIZ 7 HpOCTpaHCTBeHHOVI KOrepeHTHOCTHU, NoNApmn3oBaHHOCTU.

spatially
incoherent coherent coherent
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4. CBeT — 3TO M BOSIHA, X NOTOK (POTOHOB - KBAHTOB
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Photon propagation as an electromagnetic wave

Macca nokosi 0

MonepeuHas BonHa Bektopos E n H
CkopocTb C

Monsipusauns: NMHeNHas Unu annunTUYeckas
HanpaeneHue pacnpocTpaHeHus OHepruis e=hv=hw

Wmnynbc p=¢/c



Bonpocel:
1. MoxeT nu cBeTt cywectBoBaTb B BUAE MHTEHCMBHOIO, HanpaBJiIEHHOIO,
MOHOXpOMaTU4E€CKOro, KOrepeHTHOro, noJiIApn3oBaHHOIO J1y4a (nyqKa)?
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2. Kak co3gaTb MCTOYHMK HanpaBneHHOro KOrepeHTHOro
MOHOXPOMAaTMYECKOro NONsiPU30BaHHOIO CBETa BbICOKO MHTEHCUBHOCTA?

3. MoxeT ObITb, B NPUPOAE CYLLIECTBYHOT NoA0OHbIE NCTOYHUKM
€CTECTBEHHOIO NPOUCXOXAEHUS?



YpaBHeva MaKCBenna

3akoH ["aycca ans dIVD - ANEeKTPUYECKUN 3apsaa aBnseTcs
3MeKTPUYECKOro P NCTOYHMKOM 3NEKTPUYECKON MHAYKLIMN
nonsd BRI
: 3akoH Naycca gns dIVé -0 - He CyLLeCTBYEeT MarHUTHbIX 3apsiA0B
MarHWTHOro Mons
3akoH aé - U3MEHEHMEe MarHUTHON MHAOYKLUWM
3MNeKTPOMarHUTHOW TOtE - _ nopoXxaaeT BUXPEBOE 3MEKTpUYeckoe
nHaykumm Papages ot none
Teopema o a[‘j - BNEKTPUYECKNA TOK U U3MEHEHNE
8 LIMPKYIALmMN I'O'[Fi — j+ 3MEeKTPUYECKON NHAYKLMN NOPOXAA0T
7 MarHWTHOro nons BMXPEBOE MarHWTHoe nore
(3akoH Amniepa)
MaTtepuarnbHble ypaBHEHUS
Mpu npunoxeHun nong K cpene N _ =] B} )
BOSHVKAET NONAPU3ALIA 1 D= gOE +P &y, MU, -enekTpudeckas n MarHuTHas
HaMarHM4eHHOCTb — - — NOCTOsIHHbIE
B=u,(H+M)
[ E ] i [ D] o c -2997924587 m/c
Ho=47r x107" =1,256...x10° Fuim
1 ») 2
[H } =A/M [B}zTﬂ Tn =K|—'C_2'A_1 80 :]/(/«loc )=8,85...X10_12 q)/M

aﬂeKTpVI‘-IeCKIAIZ 1 MarHUTHbIN BEKTOPbl HANPAXEHHOCTH, SﬂeKTpM‘-IeCKMIZ N MarHUTHbIN BEKTOpPbI
WHOYKLUMW, HanNpsKeHHOCTU, BEKTOP 3N1EKTPUYECKON NoNspmusaLmm, BEKTOP HaMarHN4YEeHHOCTH,
NNOTHOCTb TOKa, 3nekTpuyeckad n MarHuTHasa nocTtoAHHble, CKOPOCTb CBETa



BonHoBoe pelieHne ypaBHeHMVI MakcBenna.
BakyyM, rasbl, >XMOKOCTU, CTekna (B NepBOM NpUBIMKeHU 0gHOPOAHbI U U30TPOMHbI —
ycpeaHeHue no GonbLLIOMY YUCIY MOSIEKYN UM aTOMOB BHYTPU A )

D=c¢g,E
&, 1l - OTHOCUTENbHbIE 3IEKTpU4ecKad n MarHnTHas

B = wu,H
MPOHMLIAEMOCTH
Ecrnu cpepa 6e3 noteps, To ectb npoBoanmMocTs o =0, n oTcyTcTBYIOT CBOGOAHBIE

sapagel p =0, Toraa ypaBHeHusi MakcBenna npyHuMaloT BUA:

L . oH divE=V-E;
divE =0 rotE =—puu, — P P o
?t V:i6_+-5+ka_; rotE =VxE;
- - X 74
divH =0 rotH :ggoE o
ot gradp=V ¢
o 02E
VZE — g uty o
rOt(I’OtA) = grad (diVA)—VZA ¢ - - BOSIHOBbIE ypaBHEeHMs
— 211 62H
VH — e, uu, 0



Cnyu4ai rapMOHMYECKNX BOMH

E (Z ,t) _ Egei((ut—kz) " Eaei(wukz) .
1 (wtke) atol) C= =3-10°m/c - ckopocms ceema
H(Z,t):—[Ege -Eqe ] N oo
N1y 8 sakyyme
dz ) 1 B maTepuanbHoOM HemarHMTHON cpefe:
=— =F—=———— - (hasoBas 1 c c
' [
dt k ﬂﬂoggo ’U¢ S T = H
CKOpoOCTb \ (e a
27 Vo n= \/E - NoKasaTtesib NPesioMNeHns
A= ? = 27— - pnvHa BonHbI
MoTOK MOLHOCTY 3.-M. BOSIHbI
|E |2 [MnoTHOCTL 3HEprumn 3.m. BOMHBI
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[1nockue n cpepunyeckne BosHbl.
O6bI4HO nepexogdat K KOMMneKCHbIM aMIJinTyaam:

E(x,y,z;t)= Re{E(X,y,z)eiw‘}

MonyvatoT ypaBHEHWE Ans 2= g
KOMMMEKCHOW amnnnTyabl: V'E+kE=0, k=—

ypaBHeHue NenbMronbua. Up
PeweHue (ckansipHoe) anda nnockon  [ns coepmnyecKkom BOSHbI:
BOJTHbI:
r)= —ikr _ E e
E(r)=Ee ™= E(F)=—1exp(| r)
. r

Eoexp[—l (kxx +k,y+ kzz)J

DpoHT

BOJIHBI
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[FayccoB ny4yok - dbopma HanpaBreHHOro

pacnpoCcTpaHeHUst CBETOBOW BOJHbI
BornHoBoe ypaBHeHWe Takke MOXET MMETb PeLLEHMUs] B BUAE My4KOB.
HanGonee nHtepeceH cryyai Fayccoaa nyuyka.
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1(0,0,2) = |O(W"EOZ)} =1+(z;z0)2 _
1(r.z)=1,(z)exp[ -2r*/w* (2)] =W
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lMpogunb uHMeHcueHocmMu 2ayccoea ny4vka ebnusu
nepemsnKku ¢ duaMempoM ... Mo YyPOBHH
uHmeHcueHocmu 1/e?
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3aBNUCMMOCTb ANUHbI Panesa oT gnameTpa nepeTsikku
(Mo YpOBHIO MHTEHCUBHOCTK 1/€2) Ans rayccoBa ny4yka
N3Ny4yeHns ¢ 4nNuHou BosHbl 0,532MKmM
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N3meHeHne anameTpa rayccoBa ny4ka (no ypoBHIO
MHTEHCUBHOCTU 1/€2) C pacCTOSIHMEM OT LieHTpa nyyka
Npu pasnnyHbIX 3HadYeHnaxX gnameTtpa nepetsxkkm (0.5

MM, 2 MM, 8MM)
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3meHeHne anameTpa rayccosa rny4dka (Mo ypoBHIO
MHTEHCUBHOCTU 1/€2) C pacCTOSIHMEM OT LieHTpa nyyka
Npu pasnnUyHbIX 3Ha4YeHnaxX gnameTtpa nepetsaxkm (0.5
MM, 2 MM, 8MM)
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