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4>pasx H,M. P4 - 11778 

HMnyllbC cjloTOHS B CpeJle C OTpHil8TellbHOli rpynnoaoA CKOpOCTbJO 

06cylKJl88TCH BOilpOC 0 npHM8HHMOCTH Bblp8lK8HHB p • ntcu/C JlnB 
HMnyllbca ojloToaa a npenoMmnomeA cpe)le. PaccMOTpeHbl JlBa cny'las: eany
'!eHHe Baaenoaa-qepeaKoaa H npenoMneuae caeToaoA aonHbl sa noaepXHOCTH 
Cp8Jlbl, B KOTOpOJi rpynnOBSB CKOpOCTb OTpHil8TenbH8o 

noK838HO, 'ITO HMilyllbC tjlOTOKS B cpeJle (JtB83HojlOTOH8) R CKOpOCTb 
8I'O JlBHlK8HHH B paCCM8TpHB88MOM Cny'!ae HanpaaneBbl npOTHBOilOnO}({HO 
llPYI' Jlpyry, 'ITO COOTB8TCTBY8T OTpHil8T8llbHOli MSCCe KB83HtjlOTOH8, 3TOT 
atjltjleJtT Baaenoaa-qepeHKOBa HBnseTcs o6o6meaHeM JtapTHHbi npenoMneHHll 
CB8T8 cpeJlOli C OTpHil8T8llbHOft rpynnoaoft CltOpOCTbJO. noK838B00 'ITO 
JlBBneaae caera aa qepayJO noaepxaocTb B cpeJle c oTpauaTellbaoA rpynnoaoA 
CltOpOCTbJO MeHlleT CBOft 3H8K ( npHTli}({8HHe), 

Pa!SoTa Bbtnonseaa B na!SopaTOpHH seATpOHHOI! ojlH3HKH OH.HH. 

npenpHHT 06heAHH8HHOI'O HHCTHTyTa lUlepHbiX HCCneJlOB8HHA. ny6na 1978 

Frank I,M. P4 - 11778 

Impulse of the Photon in a Medium with Negative 
Group Velocity 

In the paper we discuss a validity or' the expression 

p = n"tcu/c for the photon impulse in the refractive medium both for 

the Vavilov-Cerenkov radiation and for the refraction of light on the 
surface of the medium with negative group velocity (the photon in 
the medium is looked upon as a quasiparticle). 

The photon impulse and the velocity of the photon motion 
appear to be in the opposite directions, what correspond to the 
negative mass of the quasiphoton. Light preasure in the medium 
with negative group velocity has to be negative; 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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B pa6oTe 11/ o6cy>K.ctaeTCSI sonpoc o6 HMnynbce, KOTo

pbiH Clle.ctyeT npHnHCBTb cl>oTOHy B 06hi'IHOit npe110M11SIIOIIl9i1 

cpe.cte. BnepBbie B.n.fHH36ypr 121 , npH paccMoTpeHHH 

KBBHToso:H TeopHH H3ny'leHHSI BasHnosa-qepeHKosa, npHHSJ:n 

B911H'IHHy aTOI'O HMnynbCa paBHOit 

p ""1i k =.!!.. hcu , 
c (1) 

r.cte n - noKaaaTenb npenoMneHHSI cpe.ctbi, 

8/1/ paCCMOTpeHa paCC'IHTBHHBSI C nOMOIIlblO K118C

CH'I9CKHX M9TOAOB 1 HB OCHOBBHHH pe3y11bT8TOB /3 -5/, CH118 

8119KTpOM8I'HHTHOI'O n011SI1 B03A9HCTBYIOIIl8SI Ha nocTynaTenb

HOe llBH>KSHHe 'IBCTHUbio Oaa T8KOB8 1 'ITO 9C11H B KBBHTo

BOM paCCMOTpSHHH npHMSHSITb 38KOHbl COXpaHSHHSI A11SI 

8H9pi'HH H HMnynbC8 1 TO B CBMOM .ctene Clle.ctyeT npHHSITb 

( 1), 3T0 1 B '18CTHOCTH 1 H 6bi110 CA9118HO B KBBHTOBOit 

TeOpHH acl>cl>eKTa .nonnepa /6,71. 

Bonpoc o npuMeHHMOCTH ( 1 ) B03HHK B CBSI3H c npo

.ctOn>KaiOmeitcSJ: AO CHX nop AHCKyCCHeA 0 T9H30pe 3Hepi'HH 

H HMnynbca B cpe.cte. EcnH, cornacao MHHKOBCKOMy, 

B COOTHOWSHHH MS>KAY nnOTHOCTbiO HMnynbCa H SHepi'HH 

cne.ctyeT npHHSITb ( 1), To no A6paraMY 

-+ E 
PA'"'nc• {2) 

r.cte E - nnoTHOCTb 3H9PI'HH. npaBHnbHOCTb KOHUenUHH 

A6paraMa, oco6eaao y6e.ctHTe11bHO o6ocaosaHHaSI s noc-

ne.ctHHe I'OAbl .n.B.CKo6enbUbiHhiM /8-10/, He 38Tpaf'HBaeT 
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npHMeHHMOCTH (1) B paCCMaTpHBaeMbiX 38ll8'l8X H3ny'leHH51. 

JleitCTBHTenhHO, B HHX Heo6XOllHMO 3H8Tb 0Tll8'IY, KOTOpyiO 

nonyqaeT H3nyqaTenh npH H3ny'leHHH HnH nornoweHHH 

!l>oTOHa. QqeaHllHO, aTa aenH'lHHa TOR }l{e npHpOllhi, 'ITO 

H caeToaoe llaaneaHe. Me}l{llY TeM, llnSI caeToaoro llaane
HHSI H no MHHKOBCKOMY, H no A6paraMy cnellyeT npHHSITh 

COOTHOWeHHe ( 1) • 
~OTOH B cpelle, O'leBHllHO, He SIBnSieTCSI CB060llHOH 

'laCTHueii. PacnpocTpaHeHHe aonHhi nonyqaeTCSI a pesynh

TaTe KorepeHTHOrO cnO}I{eHHSI BOnH OTllenhHhiX 8TOMOB. 

TaKHM o6pasoM, llnSI ao3HHKHoaeHH51 aonHhi cywecTaeHHO 

KOnneKTHBHOe llBH}I{eHHe, npOHCXOllSIWee B 8TOM8X Cpellhi. 

3TO xapaKTepHOe CBOHCTBO He 'l8CTHUhi, a KB83H'l8CTHUhl 

(aanpHMep, !l>oHoHa). 

CTaa Ha aTy TO'IKY speHHSI, Mhi llOn}I{Hhi, no aHanorHH 

C KB83H'l8CTHU8MH 1 npHnHC8Tb !l>oTOHy B cpelle CKOpOCTb 

w dw z-
dk. (3) 

paaayro rpynnoaoii CKOpOCTH caeTa. EylleM paccMaTpHBaTb 

cnyqaii: OTpHUSTenhHOH W. KaK BHllHO H3 (1) H (3), 
-+ 

HMnynhc !l>oToHa p H CKopocTb ero nepeHoca llOn}I{Hhi 

6hiTb a aToM cnyqae aanpaaneHhr a npoTHaonono}I{Hhre 

CTOpOHhi ( ¢JopManhHO 9TO 3H8'IHT, 'ITO M8CC8 KB83H'l8C

THUhl OTpHU8TenbH8 * ) . 
06paTHMC51 K paccMoTpeHHIO a!l>!l>eKTa BasHnoaa-l..JepeH

KOBa B cpelle C OTpHUSTenbHOH rpynnOBOH CKOpOCTbl0/12,7~ 
npellcTasneHHoro Ha pH c y H K e 1 ( c HeKOTOphiMH llOnon-
HeHHSIMH oH socnpoH3BOllHT pH c. 2 pa6oThi 17/ ) • B 
o6hi'IHOM cny'lae nonO}I{HTenbHOH rpynnosoii CKopocTH 

(cpelly C'lHTaeM onTH'leCKH H30TponHoii) rpynnosag cKo-

pocTb W, T8K }l{e K8K H !l>a30B851 CKOpOCTb \l, H3nyqae-

MhiX aonH HanpasneHa · noll xapaKTepHhiM ocTphiM 

yrnoM (coo& .. _c_) 
vn 

K CKOpOCTH 'l8CTHUhl (pHC. 1a). 

* Bonpoc o Macce ~oToHa a o6hr'!Hoii cpelle (w > 0) 
paccMoTpeH a pa6oTe 

111 . B cpelle 6es llHCnepCHH 
2 

(w= ..£.), TOrlla, nonarag p .. rn\v , nony'IHM rn'= ~hw. 
n c~ 

4 

I 
\ 

I 
\ 

~ .. v 

6) 

PHC. 1. 

B aToM }l{e HanpasneHHH pacnpocTpaHSIIOTCSI, O'leBHllHO, 

H3nyqaeM851 9HeprH51 H HMnynbC KB83H!l>OTOH8 P, Y HOCHMhiH 

HMnynhC TOpM03HT 'l8CTHUY 12 •131 . flpHHSIB 9Ty KapTHHY 

38 HCXOllHYl0 1 B cnyqae OTpHUSTenbHOH rpynnOBOH CKOpOCTH 

nony'IHM HeO}I{HllSHHhiH pesynbTaT. ~asoaaSI H rpynnoaaSI 

CKOpOCTH HanpasneHhi B 9TOM cnyqae B npOTHBOnOnO}I{Hbi8 

CTOpOHhi, npH'leM aHeprHSI ll0n}I{H8 yXOllHTb H, cnellOBa
TenbHO, W HanpasneHa OT 'l8CTHUhl. 3TO npHBOllHT K 

K8pTHHe (pHC. 16) /12,7/, B KOTOpO:il: W o6pa3yeT 

yron rr-IJ CO CKOpOCTblO, a !l>a30B8SI CKOpOCTb U -
no-npe}I{HeMy yron IJ, TaK 'ITO BOnHa Hll8T K 'laCTHUe. Jlng 
TOrO 'lT06hi 6hinO TOpMO}I{eHHe, YHOCHMhiH HMnynbC llOn}l{eH 

6hiTb HanpasneH TaK }l{e, K8K i!, a CKOpOCTb llBH}I{eHHSI 

KBaSH!l>OTOHa, yHOCSIWero HMnynbC, O'leBHJ:lHO, llOn}I{Ha 

COBn8ll8Tb C W. l1 HhiMH cnoaaMH 1 KBaSH!l>OTOHy B caMOM 

llene cnellyeT npHnHCaTb OTpHUSTenhHYIO Macey. 

T aKoil: }l{e aeo}I{HllSHHhiH pesynbTaT nonyqaeTCSI H llnSI 
npenoMneHHSI caeTa cpellOH c oTpHUaTenbaoil: rpynnoaoil: 

CKopocTbiO (npenoMneHHe cseTa s cpelle c w < 0 6brno 

paccMoTpeao MaallenbrnTaMOM /14/ ) • Ha pH c. 2a,6 

noKasaHhr c:!y'laH np~oMneHHSI cseTa a cpelle cooTseTcT

seHHO llnSI W > 0 H W < 0. l1sseCTHO, 'ITO 3ll8Cb HMeeT

CSI aaanorHSI c a¢!!l>eKTOM BaaHnosa-l..JepeHKOBa 
141 *, 

*3Ta }1{8 aaanorHH o6cy}l{llaeTCSI a pa6oTe B.M.Eono

TOBCKoro H B.n.rHas6ypra /15/. 
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~~~ 
a} 6) 

Puc. 2 

H MO:>KHO noKa3aTb, 'ITO p li C, 1 1i 2 SIBJHUOTCSI Cli8ACTBH8M 
Apyr Apyra, AaanorHSI COCTOHT B Cli8AYIOIUeM: CKOpOCTb 
pacnpocTpaHeHHSI ¢poaTa BOliHhi, naAa10mei1: H3 aaKyyMa, 

BAOllh rpaHHUhi pa3Aena paaaa v ... c/cC/3¢
0 

, rAe ¢o-
.... 

yron Me*AY aeKTopoM k u rpaHHUeii cpeAhi, Opu aToM 
yron cp npeliOMlleHHOH BOliHbl C noaepXHOCTblO cpeAbi, 
0'19BHAHO, YAOB119TBOpSieT paBeHCTBy COScpz c/nv. 

ilOCKOllhKY npH npeliOM118HHH CBeTa MeHSieTCSI TOllbKO .... 
KOMnOH9HTa B9KTOpa k Z , HOpMallbHaSI K rpaHHUe pa3Aella, 
TO MO)I{HO AYMaTb, 'ITO naAaJOIUHii Ha Hee CBeT 6yAeT 

Aeii:CTBOBaTb Ha noaepXHOCTb Cp9Abl CHliO:lf, HOp
MallbHOii: K He:lf. 0TCyTCTBHe KOMnOHeHTbl CHllblt HanpaBlleH
HO:lf BAOllb noaepXHOCTH, npHBOAHT K Tpe6oaaHH10, 'lT06bi 
HMnynbC tPOTOHa B cpeAe OTliH'!aliCSI OT HMnyllhCa B BaKy
yMe TaK )1{9 0 KaK KOCHHYCbl yrliOB ¢

0 
H cp , T.e. 

CC/3 ¢o n , 'ITO B CaMOM A91Ie COOTBeTCTByeT ( 1 } * CC13cp 
H 3aKOHy npeliOMlleHHSI CBeTa. 

*TaKOe paCCMOTpeHHe He f!BliSieTCSI HOBbiM (eM. 1161 
/11/) H . 
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PaccMoTpHM Tenepb npenoMneaue ceeTa aa noeepxaoc
TH CpeAbi, B KOTOpO:lf rpynnoeag CKOpOCTb OTpHUaTellhHa, 
3ToT cnyqa:lf noKa3aH aa pH c. 26. fpynnoeag CKopoCTb 
aanpaaneaa npu aToM oT rpaHHUbi eayTpb cpeAhi, a ¢a-
3oeag - aao6opoT, H3 cpeAhi K noeepxHOCTH. ilpH aTOM 
H naAalOIUH:if, H npenoMlleHHhiH ny'IH ne)l{aT no OAHY 
CTOpOHY OT HOpMaliH K noeepXHOCTH pa3Aella 114/. I1 MnyllhC 
KBa3HtPOTOHa A011)1{8H 6biTb HanpaBlleH no «f:la30BOH CKOpoc
TH, 3TO He06XOAHMO Allfl Toro, 'lT06bi AaB119HHe CBeTa 
Ha noeepXHOCTb H B 3TOM cnyqae HM81IO TOllbKO KOMnOHeH
Ty no HOpMaliH. C Apyroii CTOpOHbl, CBeT YHOCHT 3HeprH10 
OT noaepXHOCTH erny6b cpeAhi, 0'18BHAHO, H HMnyllbC M0)1{8T 
nepeHOCHThCSI TOllbKO BMeCTe C He:if. /V\bi BHOBb nonyqaeM, 
KaK u B a¢¢eKTe Baeunoea-'-lepeHKOBa, 'ITO CKopocTb 
KBa3u¢oToHa H aanpa~neHHe ero HMnynbca o6paTHhi no 
3HaKy. OpeACTaBHM ce6e Teneph '!epay10 noaepxaocTb 
BHyTpH cpeAhi C OTpHUaTellbHO:if rpynnoeo:if CKOpOCTblO 
(pH c. 26}. Oaa AOli*Ha nonyqaTb HMnynbc ceeTa, aanpae
neHHhiH OT noeepXHOCTH, T aKHM o6pa30M, CBeTOBOe 
AaBlleHHe BHyTpH cpeAhi C OTpHUaTellbHOH rpynnoeoil: 
CKOpOCTblO TaK)I{e A01I)I{H0 6hiTb OTpHUaTellbHbiM, 
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