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JIEKIINS 1

KBanToBasi pmnsmuka

XX Bek — BeK KBaHTOBOI dhu3uku. Poxenne kBantoBoit ¢puzukn 66110 B 1900 romy
U CBS3aHO ¢ UMEHEeM HeMenkoro ydenoro Makca I[lnanka. DKCepuMeHTHI 0 W31y YCHUIO
HaIr'peToro TeJjia He COOTBETCTBOBAJIM ITOCTPOEHHBIM Torja TeopusM. llmank 3a 1Ba aHSA
npuyMas hbopMysry, KOTOpasi BEPHO OIKUCHIBAJIA U3JIyICHHUE.

h
s o

Ho BeiBecTn sty dopmysy on #e mor. TosibKO KOT/Ia OH MOHSLI, UTO W3JIyIE€HUE MO-
JKeT TOTVIOTUTHCS WA U3y IUThCsT (DUKCUPOBAHHBIMU TIOPIUSIMU — KBAHTAMU, OH BBIBEJT
51y opmyrty. To ecrb morsoienne cBera — 5TO MOMJIONIEHNE KBaHTa (3aTeM OHU ObLIN
Ha3BaHbI (POTOHAMN ).

Hpioron rosopus, 9To He NMOHUMAET, KAK CBET MOXKET PACIPOCTPAHATHCH TPAMOJIU-
HEfHO, ecJin CBeT — 3TO BOJIHA, a He JacTur@a. KOHr roBopusi, 4To CBET — 3TO BOJIHA, &
Dpenesb 10Ka3a/1, YTO CBET PACIPOCTPAHAETCS MPAMOJIMHENRHO, BeIsd cebst KaK BOJIHA, HO
WX HUKTO He CJIyIIaj, T.K. apropureT HpioToHA ObLT BEJIUK.

[ep11 mokazadt, 4To TP 0Oy YeHNN METAJUIMIECKUX IITAPUKOB CBETOM, MOXKET ITPOM30ii-
TH BBLIET 3JIEKTPOHOB. DTO BHeITHUI (HhoToahPeKT.

B 1902 romy Jlenap/ uamepus HHTEHCUBHOCTD (DOTOTOKA OT JIIMHBI BOJIHBI 118 IAI0IIET0
cBeta. OKazaj0Ch, 9TO €CTh TaKas JJINHA BOJIHBI, O0JIbIIe KOTOPOi, (hoToaddekT yxe He
BosHuKaeT (cum. puc. 1.1). BosHoBast dbusuka He MoOrIa ST0ro 06bsICHUTb.

Tpor ‘

E=hv=ho, &

Puc. 1.1.

Ditainreits a1 sromy obocroBanue. [yt Toro, 4Todbl (hOTOSIEKTPOH BBLIETE, HY K-
HO, YTOOBI:

hw > WBbIX7 EKI/IH = hw — WBBIX'

Ho Ditnmreiina HUKTO HE TOHAJ.
[To cyTu DitHIITEH BBEJI, UTO CBET — 9TO YaCTHIIA, Y KOTOPOIi €CTh SHEPrust. A 3HAYNT,
€CTb U UMILYJIbC.

E(’poq‘ = ﬁw,
4

E? = p*c® + m*ch.
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Jleknua 1. KBanroBas dusnka

— HHBapHaHT, U3 KOTOPOI'O MBI ITIOJIyYUM HUMIIYJILC.
Ho macca ¢orona pasua HYJIIO, T. €.

E  hw 2
p=—=—=hk, I‘,ZLek:—ﬂ-.
c c A
Ecbo"r:hwv
pq)OT:hk‘.

st 9acTUIbl OJITHO3HAYHO OIPEJIENIAeTC TPAEKTOPHS, UMITYJIbC W SHEPTUS.

B 1926 roxy Kommrron nposest sxcriepument (cMm. puc. 1.2). PeHTreHoBckoe usiydyenne
[IOJTyYaJIOCh TIPU TOPMOXKEHHUH 3JIEKTpoHa. Ho moMuMO TOPMO3HOrO, B CIEKTpPE €CTh Xa-
PAKTEPUCTUYIECKUE JIMHUU BBICOKOH MOHOXPOMATHYIHOCTH. DTO U3JIyUIEHHE PACCENBAJIOCH
Ha yriaepoge. OnpeeuTh SHEPTUI0 MOXKHO C MOMOINBI0 JUMPAKIMOHHON pereTku (B
cJlydae PEHTTEHOBCKOIO M3JIydeHuss — 3T0 Kpuctasi). B urore, Kommnron 3uas suepruio
[1a/IAIONINX KBAHTOB M SHEPIUIO IOy YEHHbIX.

Anox

Puc. 1.2.

JlomKHa OBITH JIUHUSA, COOTBETCTBYIONMIAS YIPYTOMY PACCEAHHIO, COBIIAJIAIONIAs C IIEP-
BoHavasbHOI. Ho elrle okazaiach cMeleHHas JIMHWs, SHEPTUsT KOTOPOii MeHbiie (cM. puc. 1.3).
[Ipmyem j1st pasHBIX YIJIOB HAOJIIOJEHUS PACCESTHHOTO M3JIy9YeHHUs CABUI MEXKJYy STHMMU
KOMIIOHEHTAMU pa3andayics. KOMITOH cauTast, 9To 3TO KaK COyIapeHne OMIbsIPIHBIX MTa-
PUKOB.

JIornaHo cBsI3aTh HECMEIIEHHYI0 KOMIIOHEHTY C PAcCesiHIeM Ha A/Ipax, a CMEIIeHHYI0 —
HA 9JIEKTPOHAX.

[Iycrs doron majgaer Ha 7TeKTPOH U paccenBaercd (cM. puc. 1.4). 3anuiieM 3aKOHbI
COXpaHEeHUs JIJIsT paccessHus (pOTOHA Ha IJTEKTPOHE:

hw +me? — ' = E,,

-

ﬁ_p,:ﬁe-
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Puc. 1.3.

Puc. 1.4.

Hy}KHO BBIBECTU 3aBUCUMOCTDL AJIMHBI BOJIHBI OT yIJlaA. ILOMHO}KI/H\I IIepBO€ ypaBHEHUE

Ha % n BO3Be€IEeM B KBaJpaT. BTopoe YpaBHEHHE TO2KE€ BO3BEIAEM B KBaJpaT W BbIYTEM.

[Toryanm

| } e
g(bevLmCQ — ') = (p—p)? = = — p? =m’c,

w2 A\ 2 2
m2c® = <—) + (—> +m?c? + — (mc®hw — mc*hw' — hwhw') — p* — p + 2pp’ cos V.
c

C C


http://lectoriy.mipt.ru

http://lectoriy.mipt.ru 4u36

Jleknua 1. KBanroBas dusnka

[Tocse cokpalennii UMITYJIbCOB:
hw hw
ho' (mc? + h) = mchw + ¢ + — — cos V.
c c
®opmyna Komnrona:

;L w
1+ (1 —cosd)

mc2

Ecin Aw < ch, TO HUYEro He IIPOUCXOIUT. Ecim IHepelncaTb BbIpazK€HUE JIJId JIJIMH
BOJIH:

2rh
N = )\—l-L(l — cos 1)
me

N =X+ A (1 —cos?)

h
A= —=2x10""cn
mc

— KOMIITOHOBCKad JIJIMHa BOJIHBI.

NI
mc  mc w
B uTore Mbl CTOJIKHYJIUCH ¢ Te€M, 9TO (POTOH BeJleT cedsd U KaK BOJIHA, M KaK TacTHIIA.
DTO sBJIEHHE IOJIYYUI0 Ha3BaHUE KOPIIYCKYJIsIPHO-BOJHOBOM Jyajmu3Mm. B 3aBucuMocTn
OT TOrO, YTO MbI U3MepsieM y (POTOHA — IOJIydYaeM pas3Hble ero CBONCTBa (YaCcTUIbl WIIN
BOJIHBI ).
[Lrask ckazaJji, 9To ¢ MOMOIIBIO (POTOHOB ITPOUCXOIUT TOJTBKO MCITYCKAHUE U MOTJIONTEe-

HUE CBeTa, a DIHIITEH cKa3a/, 9To (POTOHBI €CTh BCerjia, T. €.
E = Nhw.

Paccmorpum skcriepument. VMeercs cdeTdnk, B KOTOPOM €CTh MEJTHBIN aHO U Ka-
toz, (em. puc. 1.5). Pabora Boixoga Wy = 4,4 3B. Ha anon nagaer cser. Eciu na anos
oI 1aeT YIbTPadUOJIETOBBIN KBAHT CBETA MJIM KOCMUYECKas JacTHUIla, TO CIETINK cpada-
ThIBaeT. e 3azKkedb CBEUKY, TO OHa OyeT uciyckarhb ¥ P u3jiydenue u CYeTYNK HATHET
cpabaTbiBaTh Jallle.

Karonm Anon, Cu

I*/\/\/-\/-\/-\

Puc. 1.5.

Muzr IIOJIy4IMJIA, 9TO HUCIIYyCKaHUuE KBaHTOB — 3TO Cﬂy‘{aﬁHblﬁ IIpoI1ecc.
PaCCMOTpI/IM, KaK d)OTOH BSaI/IMO,ZLeI'?'ICTByeT C BeEIIEeCTBOM:

hw+ E =ho' + E',

, , Ksanrosanue moJis
hk +p=hk'+p'".

Ha camowm jiejie MBI CTOJIKHYJIUCH C T€M, YTO MEPBOHAYAJILHBIN (DOTOH MOIJIOTUIICH, &
BMECTO HEr'o poJuJIcd yzKe JPYyroil, ¢ Apyroit agepruei.
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[IpoBeaém mpocToit sKcrepuMenT. VIMeeTcss MCTOYHUK M3JIydeHud u cueTduk. [lopo-
ropas SHEpPrus c4eTInKa L., = %hw Eciu moctaBuM MexKJly HUME IOJIYIIPO3padHOE
3epKaJIo, TO CUYEeTIUK OyIeT perucTpupoBaTh B JIBa pa3a MEHbIE KBAHTOB, T.e. (POTOHBI
He JIEJIATCs, a KaKHe-TO IPOXOJsT, Kakue-To — HeT (cM. puc. 1.6).

Bce mporteccsr B3anmoeiicTBust (GOTOHOB € BEIIECTBOM — €CTh IIPOTECCHI POXKJICHUST 1
YHUITOXKEHUST KBAHTOB.

Paccmorpum mporiece B3anmoieiicTeus OTOHA U CBOOOIHOIO, TOKOSIIIIEN0CsT 3JIEKTPO-
Ha (cM. puc. 1.7). 3aKOHBI COXpaHEHUs] SHEPIUU U UMILYJIbCA!

muv

hw= """,
2

fiw

— = Mmuv.

c

= (&
—_T

U():O

v = 2c

Puc. 1.7.

DoroapdeKT BO3MOXKEH 38 CIET TOr0, UTO IJIEKTPOH CBSI3aH C KPUCTAJLIOM.
[Tockosbky E c%, TO €CJIN Mbl YBEJIMINBAEM PACCTOHME JI0 UCTOYHUKA W3JIydIeHUd,
TO Ha A3bIKe KBAHTOB, BEPOATHOCTH 3a(PUKCHUPOBATH (DOTOH YMEHBITAETCS.
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B obmiem cirydae i1 sHeprun

% (E? + B*)dV = N * hw = Wernerp,
W
TO €CTb 9HEPIrusd — I3TO YUCJIO KBaAHTOB, YMHOXKEHHO€ Ha 9HEPI'UIO KBaHTa.
Ho pacupoctpanenne ¢poToHOB B TPOCTPAHCTBE MO MuHsIeTCs ypasHenusM Makcsesuia,
IIO9TOMY OHM HHKY/Ia HE MCUE3al0T.
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