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CrpenhUOB B.H. P2 - 10155 

0 nnOTHOCTH TOKa sepOHTHOCTH nnH qaCTHU CO CllHHOM 1/2 

0TMeqaeTCH, qro llOCKOnbKY KBlKnaH H3 KOMllOHeHT 6HCllHHOp8 .0Hp8K8 1/J 
ynosnersopHeT ypasHeHHJO Knel!Ha-fopnoHa, To nnoTHOCTb TOKa sepOHTHOCTH 

qaCTHU CO CllHHOM 1/2 MOJKeT 6b1Tb TBKlKe onpeneneHa C llOMOUlbiO H3BeCT

HOrO BbipaJKeHHH j~G.. A[if, (iN/ ifx. )-(~/ax.)!/J].OTMeqeHHaH HeonH03HaqHOCTb 
I I I 

ycrpaHHeTCH B paMKax npencrasneHHH MallopaHa, 

Pa6oTa BbmonHeHa B na6opaTOpHH Bb!COKHX 3HeprHll OHHH. 

~ 

Coo6meHHe 06beAHHeHHOro HHCTHTyTa BAepHNX HCcneAOBBHHA 
,ll,y6Ha 1976 

Strel'tsov V.N. P2 - 10155 

On the Probability Current Density for 
Spin 1/2 Particles 

It is pointed out that since each of the components 
of the Dirac bispinor 1/J satisfies the Klein-Gordon 
equation, then the density of the probability current 
for particles with spinl/2 can be determined using the 
known express ion ;.KG =A[.,V(a.p/ax.)-(c11,&/ax.)·'·].The ambiguity men-

1 I 1 ¥' 
tioned is eliminated within the Majorana representation. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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1. KaK H3BeCTRO, s Teopaa ,D;apalca nnoTHOCTL TOKa 
BepOJITHOCTH ,AnJI 'laCTHI.l CO CflHHOM 1/2 onpe,Aen•eTCJI 
4-seKTopoM cne.AYIOII.lero BB,Aa: 

ji =1/Jy.I/J. 
I /1/ 

- + T 
3,AeCL, KaK 06LI'IHO,I/J•I/J+y

4
, 1jF ... (1/J*) ,c sh=l, a ,AnJI 

y ·MaTpHl{ BCfl~lnL3yeTCJI npe,ACTaBneHHe ,lJ;&paKa·fiaynH. fipH 
3TOM, B 'laCTHOCTH, 

~1/J = inv. /2/ 

C ,Apyroi CTOpOHLI, Ka)I(,AaJI H3 'leTWpex KOMflOHeHT 
sonaosoi 41YHKUBH .P /a TaK)I(e .P * I, 41arypapy1011.lei s 
ypasaeHBH ,D;apaKa, no,A'IBHJieTCJI ypasaeHBIO Kneiaa-rop
,AoHa. Ho Kom. cKopo 3TO TaK, TO, Ka3anocL 6w, .AOn)I(Ha 
BMeTL 41&3B'IeCKBi cwwcn senB'IBHa, onpe,AenJieMaJI swpa
*eHBeM BB,Aa 

-
j KG • _1_. (~ iJI/1 _ E:i!_ .p) 

I 2mt ax I ax 1 
/3/ 

H TaK)I(e OflBCLIBaiOII.laJI nnOTHOCTL TOKa BepOJITHOCTH 'laC· 
TBI.l co cnaaow 1/2. OTMeTBM npa 3TOM, 'ITO so3MO)I(
HOCTL flOCTpoeHBJI 4-seKTOpa j ~G Henocpe,ACTBeHHO o6yc
nosneHa CYII.leCTBOBaHHeM CKanJipa /2/. K(; 

qTO KacaeTCJI pa3nH'IBJI Me)I(.Ay j. B j. ; TO OHO 6y,AeT 
. I l 

swpa*a TLCJI cne,AYIOII.leii senB'IBHoi: 

" . . . KG , [ a :r. ·'· iJ . - > 1 · ''I . = I . - J • = ~ ~ VJ Y. Y. .,., - - ( 1/1 1/J • /4/ 
I I I 2ml OXk I k ax

1 
· l .. , 

fiOCKOnLKY y HaC, B 0611.leM, HeT HHKaKBX OCHOBaHBH ,AnJI 
oT6pacwsaHBJI swpa*eaaii /3/ /a.liB: /1//, 1-o ·yw BLIHy)J(.Ile-
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Hbl RpH3Ha TL Cyll\eCTBOBaHHe HeOJJ;H03Ha'IHOCTH B onpe,IJ,ene

HHH 4-nnOTHOCTH TOKa sepOJITHOCTH ,IJ,nJI 'laCTHU CO CRHHOM 

112. 
0,IJ,HaKO, KaK 6y,IJ,eT ROKaJaHO HH>Ke, HCROnLJOBaHHe ,IJ,py

roro npe,IJ,cTasneHHJI ypasaeHHJI ~upaKa noJsonJieT ycTpa

HHTL OTMe'leHHYIO TPY.IJ.HOCTL. 

2. IIepeii,IJ,eM ,IJ,nJI :noro K npe,IJ,cTasneHHIO Maiiopaaa 
111 , 

xapaKTepHlYIOll\eMyCJI cneJJ;YIOll\HM Bbi60pOM MaTpHU y : 
- (J>l - lp) - (p) = (p) .. (p) 

yl - y 4 , y 2 - y2 ' y 3 y 5 ' y 4 y 1 ' y 5 y 3 ' 

r,IJ,e y(p). MripHULI B npe,IJ,CTasneHHH ~HpaKa-IlaynH, HnH B 

JIBHOM BH,IJ,e: 

I 0 
y = ( ) ' 
1 0 -1 
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y 4 io 
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-101 
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y2 
0 -io2 ) 
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10 0 
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Y = ( 

5 io 
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-io3 ). 
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0 
y =( 

3 -1 

-1 

0 
), 

lSI 

3,IJ,eCL oa (a= 1,2,3)- CRHHOBble MaTpHUbl Ilaynu, a I - e,IJ,H

HH'IHaJI MaTpuua: 

( 0 1) (0 -i 1 0 1 0 
0 I • 1 0 ' 0 2 • i 0 ) ' 0 3"" ( 0 -1 ) ' I • ( 0 1 ). 

Cne,IJ,yeT onaeTHTL, 'ITO B AaHHON npe.IJ.cTasneailu Ya JIB· 

n.IIIOTCJI 3pMHTOBLlMH H AeiCTBHTenLHLINH Mt\,TPHUaMH, DOJ• 

TOMY OHH CHMMeTpH'IHLI; y 4 H y5 - 3pMBTOBLIMH H 'IH¢1'0 

MHHMLIMR MaTpRUaMR, RO:JTOMY OHR &H'I'RCHNMeTpH'IHLI. 

BcneACTBRe OTMe'leHH~X oco6euuocTei onepaTop 

[yi (a;ax
1

) +m] a onepaTop, onpeAenJIIOll\Ri npeo6pa3osa

aue BOnHOBOi fi!YHKIUIH npR npeo6pa30B&HRJIX Jlopeaua, CT&· 

HOBJITCJI JJ;eiCTBJi:TenLHLIMR. IlpH 3TOM, B 'I&CTHOCTB, 'AnJI 

4 

4,l 

t' 

l\ 
Jfil 

KOMRneKCHOH BOnHOBOB l}lyHKUHH 1/J ee ,IJ,eBCTBHTenLHaJI H 

MHHMaJt.. 'I&CTH 6y,IJ,yT Y.IJ.OBneTBOpJITL ypaBHeHHJIM ~~HpaKal 
O,IJ,Horo H Toro >Ke BH,IJ,a * . 

B paccMaTpusaeMoM npe,IJ,cTasneHHH ,IJ,nJI nnoTHOCTH 

TOKa BepOJITHOCTH 6y,IJ,eM HMeTL 

ji =t/Jyit/1, 

- T 
r ,IJ,e 1/J =4 (y 1 i ), unu s JIBHOM BH,IJ,e: 

4 

I I = 2 ( t/1 I t/1 4 + t/12 t/1 3 ) ' 

2 2 2 2 
12 = t/11 - t/12 +t/1 3 - t/14 ' 

j3 = 2(¢/2 -t/131/14), 

j = - i( t/1 2 + t/1 2 + t/12 + t/1 2 ). 
4 I 2 3 4 

IlpH 3TOM AnJI CK&n.llpa (/jt/J nony'IRM 

~l/1 = 0. 

161 

l6al 

/11 

EcnH TenepL Ha OCHOB&HHH BLICIC&3&HHLIX B R.l C006pa

>KeHHB RO aHanorHH C 131 Mbl ROCTpORM senH'IHHY 

iKG .a(($ a¢ _ a;j t/1 ), 
axi axi 

' 181 

To Is cooTBeTCTBHH c 11 I I uaiiAeu, 'ITO 

* HHLIMH cnosaua, 3TO 03Ha'laeT, 'ITO noaeAene 'I&CTRU 
CO CRHHOM, 112 MO>KeT 6WTL l}laiCT,R'IeCICB DOJlHOCThiO ODRC&• 
HO 'leTLipLMJI peanLHLIMB BOnHOBLIMR 41YHICURJIMB. 
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Ho 3TO o3Ha'laeT, 'ITO B npe,!J,cTaBneHHH MaiiopaHa, 

xapaKTepH3YIOII(eMCJI OTMe'leHHLIMH BLIWe OC06eHHOCTJIMH, 

nnOTHOCTL TOKa BepOJITHOCTH MO~eT 6LITL eCTeCTBeHHLIM 

o6pa3oM onpe,!J,eneHa BnonHe ~,IJ,H03Ha'IHO. 3ToT ~KT cne

,IJ,yeT C'IHTaTL apryMeHTOM B nonL3Y npe,IJ,llO'ITHTenLHOrO 

npHMeHeHHJI ,IJ,aHHOrO npe,!J,CTaBneHHJI. 

Jlu•epa•ypa 

1. E.Majorana. Nuovo Cim., 14, 171 j1937j. 

6 


