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0 IIEPEXO.JUIOM U3JJYtlEHllli B IIJIOCKOM BOJIHOBO.Il.E 

C HEJOOIBiiiHHM 3AI10.IIHEIMEM 

PaccMOTpeHO H3Jiy'!eFrae 3ap.RliteHHOll HHTPI, ,ll;BIDKyntelic.fI B 

JU1eaJ1bHO rrpOBO.wnlleM IlJlOCKOM BOJlHOBO.n;e, 3aITOJllI8HHOM cpe.n;ofi 

co cna6o:i1 HeJrnHe~OCTh.1(). IloKa3UHO, 'ITO HaIDPIBe H8JlHHeiiiirux 

cBoi1cTB ripHBO~T K rroRBJieHIDO B nepexo.I(HOM PI3J1y'!8HID! TM H TE 

nonefi. AHaJIH3RpyeTcR B03MOlKHOCTb 3KcnepzMeHTaJibHOro Ha6mo.n;e 

um TE BOJillli. C.n;enrum 'lliCJieHHHe oueHKH .n;M KpncTanna KDP . 

EpeBal!cKZtt ~H3H~ecKl'Ili RHCTHTYT 
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K.A.BARSUKOV, Kh,S.HARUTUNIAN 

ON TRANSIENT RADIATION IN FLAT WAVEGUIDE 

'.'/ITH NON-LINEAR FILLING 

A charged wire radiation moving in a perfectly conducting 

flat waveguide filled with weak non-linearity medium has been 

considered, It has been shown that the presence of non-linear 

properties leads to TM and TE fields emergence in transient 

radiation. The possibility of the TE wave experimental 9bser­

vation is being analyzed. Numerical estimations for KDi crys­

tal have been done. 

Yerevan Physics Institute 

Yerevan 1985 

EJiarO,JtapH BHCOKHM ITJIOTHOCTHM sapmiteHHHX qaCTli'IU B cryCTKax, 

IlOJiy<raeMHx Ha CHJibHOTO'IH!lX YCKOPHTeJIHX, CTaJIO B03MOJKHHM C03,Jta­

ime HOBHX MOII(HliX HCTOllllll:KOB CBePXKOpoTKIDC BOJIH. J(JIH 3TOji uelllf 

MOXeT 6UTb HCITOJlb30BaH aqxpeKT BaBHJIOBa-qepeHKOBa B BOJIHOBO~e. 

TaK, B pa6oTe [I] npH ToKe B rr~e IO KA 6HJia ~ocTHrHyTa Mom· 

HOCTb KOrepeHTHOro H3JiyqeHKJI BaBHJIOBa-qepeHKOBa Ha 60 ITu: no­

~ I MBT. 

IlpH Ta.IWX TOKax B Ily<rKe B03HHK8.!0T ~OCTaTO~O CHJlbHlile Harr­

pHllteHHOCTH 3JieKTpHqecKoro ITOJIH, crroco6HHe C03,JtaBaTb HeJIHHelhruf 

aipfieKTu, B qacTHOCTH, HeJIHHeittt:oe rrepexo~oe HsnyqeHHe. 

Jimrefilloe rrepexo~oe H3JIY'ieHHe H3Y'i6HO TeopeTHqecKH H aKc­

nepHMeHTaJibHO ~OCTaTO~O xoporno (cM.,HanpHMep, (2] ), TOr~a 

KaK H8JIHH8IDIOMY rrepexo~OMY H3JIY'ieIDUO IlOCBHmeHO cpaBHHT8JibHO 

Ma.JIO pa6oT ((3] H UHTHpOBaHHHe TaM pa6oTH),rrpHqeM, B 3TKX pa-

6oTax TeopeTHqecKH Hccne~eTCH nepexo~oe H3JIY'ieHHe B Heorpa­

HHqeHHoM npocTpaHCTBe. 

HID!te MH paccMOTpHM H3Jiy<reHHe sapH.11teHHoji Hl'!TH, ~HJ!tYlllettcH 

B ~eaJibHO npoBO.Ufill.18M ITJIOCKOM BOJIHOBO~e. 3aITOJIHeHHOM HeJIHH8H­

HOtt cpe~on. 

Ilpe~OJIOJKIDll, qTo 3apHllteHHaH HHTb paCilOJIOXeHa rrapaJIJI8JibHO 

OCH x Ha paccTOHHHK !:Jo OT ITJIOCKOCTH ~ = 0 ' a ee CKOPOCTb 
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V rrapamre JII>Ha 0011 z . IIpe,IUJOJIOJ!G'IM TaKllte, "<ITO rronyrrpocTpaH­

CTBO z 90 aarroJIHeHO HeJI11He~ott aHRaOTpOIIHOH ope.non, a rrpH 

z< 0 - BaKJYMOM. C:ruraI> Mexmy HH)zylm11ett R HaIIp.fD!teHHOCTI>IO aJieK· 

TPRtieCKoro IIOJUI orrpe.neJUleTCR COOTHomeH11eM (4]. 
Hn 

c!!Ji = ci.j E j + 43iXtjK EJ EK= EiJ Ej + 4sr P, , (I) 

r.ne 

( 
eJ. o o ) c = 0 El. 0 

0 0 E11 

(2) 

YpaBHeHIDI Ma.KcBenna HMeroT B>I.n 

--.- 1 aH 
1.0t E = - c at ' 

- 1 a::D 4~-
wt H = c at + c J ' 

(3) 
di.v ~ = 4srp , cli.v H" = o, 

r.ne 

f'::: 't'0(~-~ 0)0(z-vt) 1 j=pV, (4) 

a 'C- - IIJIOTHOCTo aaPR'Aa Ha e.nnmmy ,ll;JIIDill HHTl1. 

CF!cTeMa ( 3] B miueiraott cpe.ne ( Z < 0) peI11aeTcR 061FIB!lM crro­

:o6oM 11 Mbl ero a.nee!> rrp;rno,ll;I1TI> He 6y;n:eM. 

.lIJrJI pemeH11R a~atil'l B He;umeHHOii cpe;n:e ( z > 0) rrpe,IUIOJIOliillM, 

'ITO He.'UrneiraocTI> cnadM li BOCIIOJII>ayeMCR !AeTO,ll;OM IIOCJie,IJ;OBaTeJII>­

HhlX rrp116.ID!.l!teH11n. HarrpR.JKeHHOCTH aJieKTp11tiecKoro 11 MarID'!THoro rro­

neli rrpe.n;cTamn.1 B Bn.ne 

E = f11 + EHn 
) 

H = H11 + HH/1 (5) 

VUI,rryrourm 3JieKTpl~tI8CKOro IIOJIR TaKJKe rrpe;n:cTaBl'!M B BI1,IJ;e CJMMhl 

. 'rnHefmott R He ;rn:Hefu!ott tiacTeii, rrp11'feM 
J1 11 

:JJL = eLj E.j (6) 

4 

Hll H/1 Hl1 
3)L = eij EJ + 4!irPi , (7) 

r.ne 
Hll Jl Jl 

pi. =Xi.jKEjEK (8) 

B BhlprutteHl'!H (8) MH rrpeHe6~raeM tIJieH~ 6onee BHCOKoro rropR,n­

Ka MaJIOCTR OTHOCRTeJII>HO E Jl • 

IIo.ncTaBMR ( 5) - ( 8) B ypaBHeHHR MaKcBe nna ,IJ;JUI z - KOM­

rroHeHT aneKTpR'fecKoro Fl MarHHTHoro rronett II01IY1JHM ypaBHeHHR 

2 11 2 n 2 11 • (9) a Ez. £11 a Ez Eu a Ez _ 411r aJz. 4g; a.P 
~ +e:- azZ -Cf at2 -cz at'"+~ az' 
2 Hfl 2 HJl z HJl z HJI (IO) a Hz+~ a Ez -~a Ez. _ 4rt 8 Pz_ 4!/f ...9._d·vpHll 

a !:l c.L az 2 c' at 2 - c 2 atz cJ. az " 1 

a2 H~
11 a2 Ht eJ. a 2 H~n 4gr a·2 P:m 

~~- + ~~ - ~ ~~ -~ ~~-
a!:l2 az2 c2 at2 - c d!:Jdt 

(II) 

Ha 3TRX ypaBHeHHH BR,I(HO, 'ITO B JIHHe!HoM rrpH6.JIID!teHHH 

B cpe.ne MOryT cyuiecTBOBaTI> TOJII>: TM-BOJIHhl,a HaJill'fRe HeJIMHett­

HhlX CBO~CTB y ,ll;l1aJieKTPRKa IIpl'!BO,ll;l1T K IIORBJieHIDO B rrepexO,ItHOM 

H3JIYtieHHH TM Fl TE rronett. IIepBbltt THII rroJIR l'!MeeT TY xe CTPJKTY­

py, 'ITO H none rrepexo,IJ;Horo HaJIYtieHHR rrpR OTCyTCTBHH HeJIRHett­

HOCTH y ,ll;l13JieKTPRKa H Ha qJoHe JIRHe~ott ~aCTH rrepexo,IJ;Horo H3JIY-· 

tieHHJI aKcrrepRMeHTaJII>HO He MOZeT 6HTI> o6HapyxeHo. Hemnie:lhzyro 

TE KOMllOHeHTY HecnoJKHo oT.neJIRTI> OT TM xopomo l'!aBeCTHHMH pa.zr;Ho­

TeXHHtieCKRMR cpe.ncTBaMR. II03TOMY HIDKe Hae 6y.neT HHTepeCOBaTI> 

TOJII>KO HeJIHHefiHM TE 'Ia.CTI> rroJIHoro rroJUI HaJIYtieHwr • 

IlepeH,neM K pemeHmO ypaBHeHWI (II). B rrpaByro tiaCTI> aToro 

ypaBHeHHR BXO,ll;l1T x KOMIIOHeHTa BeKTOpa HeJmHe!Hott IIOJIRPH3a-
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-HJ! 
UIDI P , KOTopruI conepx11T pemeH11e ypaBHeHIDI (9). PeweHHe 

ypaBHemrn: (9) rrp11 yCJIOBJ.Hl ( 1- E.1.faz) > 0 (no'lepeHKOBCKHM CJiy'lM ) 

m~eeT BHn 

11 4q;c; 00 ->.n J c.... jz-vtl 
Ez. = - e;;- L lfln (~o) o/n (':J)e e,, lM.1.p•J 1 j3= f ' (12) 

n=1 

rne lfln ( ':J) - co6cTBeHHHe cpymaurn ITepBoii KpaeBoii 3ana'IH n JIJI rro­

ITepe"tJHoro cetieHlm BOJIHOBona, a An - co6cTBeHHHe 3Ha'lemm 3a­

" na'IB. Ilorrepetffil:le KOMITOHeHTH rroliff BHPaJKaIOTCR tiepe3 Ez. rro lf>op-

MyJiru.' 
..... 11 ""' -2 a - n 
EJ.. = L An az. '\7J.. Enz. ' 

n=1 

-n . """ €.11 -2 a c- - J1 ] HJ.= - LC /\n a[ Zo"' 'VJ.Enz. . 
n=t 

(13) 

HJ1 
BH'IHCJIRR Px rro if>opMyne (8), rroncTaBJIR.A: B ypaBHeID'Ie (II) 

11 pema.A: ero, rro.rry<rnM 

H
HJl _ ~ Bnme ~e lY) -(An+Am)J e"(~:E...p•)'lz-vtl (I4) 
z. - L- (h +>.. y~..§.:!:.-A2 e ' 

" e=o n m €11 e 
rne "Pe t y) - co6cTBemme cIJYHKIUm BTopoii KpaeBoii 3ana"tJ11 nJIJI no-

" rrepe'!Horo ce"tJeHRff BOJIHOBona, Ae - co6cTBemwe 3Ha'!eHIDI 3ana'll1 . 
/\ 

BeJm'lliHH Bnme rrpencTaBIDPOT co6oi1 K03~ReHTH pa3JioxeID'IR ITpa 
" Boil tiacTH ypaBHeHHR (II) ITO cIJYHKUID™ '+'e • IIorrepe'IHble KOMIIO-

Hn 
HeHTH TE ITO.JUI BHpa.xaroTc.A: "tJepe3 Hi. rro if>oPMYJiaM 

I\ 2. 
_.HJ1 

00 "-2. Cl - HJ1 _.HJ1 
00 JCn 8 [- - HS11 (15) 

H.L =-~ A.n az 'V.1..Hnz.' E.1.. =~oc at Zo" 'V.1.HnzJ. 

Ha rpaHHUe pa3nena noJ!JKHH' 6HTD HerrpepHBHl:lMli TaHreHUHaJID-

HHe COCTaBlliI!Om11e ITOJiff. 3TO ycJIOBll!e rrpll!BO.ItRT K cnenyromHM r pa-

HH'IHHM YCJIOBIDIM: 

H l 1) = Hla> 
z.w zw 

aH~~ aHi~ 
az-=az-' 
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(16) 

rne HHne'<c w 03HatiaeT ipypDe-o6pa3 ,naHHoii BeJill!'lHHH. B ( 16) 
(1) 

ITon Hzw ITOHll!MaeTcR WYPDe-o6pa3 pemeHIDI ypaBHeHHR (II) 6e3 

rrpaBoi't "tJacTFI, a rron H ~~ - qliypDe-o6pa3 rroJIHoro pemeHHR aTo­

ro ypaBHeHH.A:: 
(2) (0) Hfl 

Hz.c.> = Hz.w + Hz."' . 
(I) (0) 

He¥I3BecTHHe IIOJiff Hzw FI Hz.c.i 6yneM ll!CI<aTD B Bll!ne pacrrpoc-

TpawnollU'!XCR BOJIH: 

rne 

" lOl _ 00 " -~tez /\ 
Hzw-L::Fee lfleC!:J), 

e=o 
I\ 

c1l 00 
" irez " 

H zw = f; ~e e % l ~) ' 

I\ ~(i.)2 "2.. fe = cz - Ae 1 
~ = v C. ... Q2 ~ 2.' 
0 e cr-"'e ' 

(I'7) 

" Imte<O. 

H3 rprurn'IHblx ycnoBHtt (16) ,It1IR Hell!3BeCTHHX ROa<PfJmn'[eHTOB 

" " ~e H Fe noJIYlllIM cne.JlY!OUU1e 

" " G) Xe - v " 
~e = " " Ke 

lfe + re 
(18) 

I\ 

BHpallemrn:: 
I\ c:..> " _ re + v-

F. - I\ " e re + re 

I\ 

Ke ' 

rne Ke rrpencTaBJIJOOT co6oit ipypDe-o6pa3H H ~~ • 

3TH BHpalleHHR B o6~eM CJIY'lae npoH3BOnLHoro HenFIHeru-Ioro 

3aIIOJIHeHl1.A: OK8.3HB8IOTC.A: O'tJeHD rpOM03,ItlG!MH H Mil HX 3necD IIpll!BO­

.ItRTo He 6yneM. B '!aCTHOM cnYlJae, Korna rrnocIOtlt BOJIHOBon 3arron­

HeH HeJIHHei'l:HHM o,nHoocHHM l<pzcTaJIJIOM KD P, y ROToporo OTJI¥I'IHH 

OT HY.JUI CJI8.ItYJOUUIS KOMITOHeHTH TeH30pa HeJIHHelblol BOCIIpll!ll!M'lFIBOC-

Tll!: 
X312 = X321 , X12a = X13z 1 

I\ ~ 

KOaiPPHUHeHTH ~e !1l Fe ll!MeRlT Bll!n 
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" Q) 

" tcv-
l:)e = - ¥ e + fe 

64gr3~
2

J3 V . (~)~. [ c.J. ]3/e 
c, 2 a c:,,(1-c:J.pz) X,23 x 

II 

x I:: 2= 
n=1 m:1 

I/Jn (!:Jo) 4-'m (Ho) 
(A +>tm)~~-A.2 

n cu e 

3 
O·n +Am) Oe,n.,.m 

a CJ. vz +(&)? 
(...\.n+ Am) €., (f-c,_p2) ' 

~ _ ret-~ 64g; 3 ?/J3V (2)'12 [ e.J. ]3/z r. ---· , - . X. x e- ge+ re e,~ a. Cu(1-£J.j32) 1Z3 

x~ ~ 
n:1 m"1 

4'nl':lo) l\Jm{!:lo) 
(A + )\ \Z e.i. _ ~ z -

n m/ En Ae 

10 

U1.n +Am'? 6 e. n+m 
2 E.J. y2 +U)2 

(An+ Am) Eu (1-€J.j3Z) 

(I9) 

.UM 't-10 :rneKTPOHOB Ha CaHTHMeTp :l'I rrapa.MeTpOB Kp:l'ICTaJIJla 

K DP B CBtI ,JzyiarraaoHe, :1'13MepeHHHx B pa6oTe [5], MOJKHO rrony<mTb 

MO!IUiOCTb H9JmHe:f.tHoro rrepeXO,I(HOrO R3Jiy'19HIDI Ha qacTOTe 20 I'I'u 

nopi:r;nm 20 MB. 

B 3aKJIRJqeHHe OTM9THM, qTo rrpH RCIIO~b30BaHHH qacTmi: H3B9CT1 

Hott 3H9PrRH ITO H9JIHHe:f.tHOMY rrepexo,I(HOMY R3nyqemno MOltHO orrpe­

.nenRTb HeJrn:HeliHH"e xapaKTepHCT:l'IIW cpe,!Ul • .UJIJI aToro .nocTaTOqHO 

H3MepHTb aHeprmo Hemi:He:lhloro rrepexo,IJ;Horo H3JlY'leHWI B JIBHett­

Ho:a cpe.ne. 
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