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The resonant frequencies in a circularly polarized wave propagating in the direction of a constant 
magnetic field are determined, and the wave functions of a charged Dirac particle with 
anomalous magnetic moment are determined in the linear approximation in the amplitude of the 
wave. In the absence of a magnetic field the wave functions of such particles are determined 
exactly. O 1996 American lnstitute of Physics. [S1063-7761(96)01104-31 

1. INTRODUCTION 

The wave function of a Dirac particle with anomalous 
magnetic moment satisfies the following modified Dirac 
equation: I 

where e and mo are the charge and mass of the particle, g I is 
a dimensionless constant, yi is the Dirac and 
are the components of the Cvector of the field, which in a 
circularly polarized wave with right circulation are given by 

where o @  is the field strength of the wave field, o c  its 
frequency, and v= c t  +z. The solution of Eq. (1) based on 
the zero divisor 

r = % l + i y 1 2 ) ( 1 + ~ 4 )  (3) 

is sought in the form of the following sum:2 

#=ex~(ikOcr)(#l+ # 2 ~ 1 +  # 3 ~ 3 + # 4 ~ 3 1 ) ~ .  (4) 

The components #i of this sum depend only on 17. In this 
case they satisfy the system of equations 

where @o=e@lhc and g=glw/2ko. The solution of this 
system is 

The constant coefficients ci and the eigenvalue A are given 
by 

c l = @ o ( - o - 2 g @ o + J ~ ~ ) ,  

For the components of the velocity of the particle we have2 

from which it follows that 

where the subscripts 11 and I denote the velocity components 
parallel and perpendicular to the electric field of the wave. 
Equations (9) show that the velocity of the Dirac particle is 
independent of its anomalous magnetic moment. Like a 
Dirac particle without an anomalous magnetic moment, it 
moves in a circularly polarized wave like a classical particle. 

In the case where a constant magnetic field H acts on the 
Dirac particle with anomalous magnetic moment, moving in 
a circularly polarized wave, where this field is aligned with 
the direction of propagation of the wave, the functions #i in 
the sum (4) are defined in the rotating coordinate system in 
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which one of the two azimuthal axes is aligned with the 
electric field and the other, with the magnetic field of the 
wave and satisfy the following system of equations: 

ko(l+~)-io-+,-  $4=0, 
d p  r c d t  I d ]  

where 

The solution of the system of equations (10) is given by 

where A is a constant, and a+ are functions that depend on 
xl and xll and satisfy the system of equations 
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and the relations 

For ao=O the solution of system of equations (13) is given 
by 

where $ is the eigenfunction of the equation 

and the constant y is defined in terms of the eigenvalue E ,  

by the formula 

where n is a positive integer. The function # coincides with 
the eigenfunction of the corresponding Schrijdinger equation 
(time-dependent), which rotates with angular velocity wc 
about the symmetry axis. Therefore 

where m is the azimuthal quantum number in If the 
right-hand side of Eqs. (13) is treated as a perturbation, then 
to first order in a. the solution of system of equations (13) 
has the following form: 

or 
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where the constants r ,  , , R , , , and q are given by 

The remaining components of the wave function are given in 
terms of a: and a; by formulas (14). To first order in (Do 
the first wave function gives the following expressions for 
the components of the average velocity of the particle: 

and the second gives 

In the coordinate system in which the z coordinate of the 
velocity is equal to zero, the velocity of the particle points in 
the same direction as the magnetic field of the wave and is 
given by 

where r  !. + , r  : - , R  !. + , and R  1 - are obtained respectively 
from r - +  , r + -  , R - +  , and R + -  by replacing o in them by 
( 1 + y - K ) O ,  and r L - ,  r : + ,  R L - ,  and R: ,  are obtained 
from r-- , r + +  , R - -  , and R++ by replacing o in them by 
( 1 + y + K )  o .  The resonance frequencies in formulas (25) 
are the roots of the quadratic equations Rg , ( o )  = 0 and are 

(24) given by 
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where wH=eHlmoc is the cyclotron frequency, anomalous magnetic moment4 does not coincide with the 
wo=moc2/fi is the eigenfrequency of the particle, and n is a velocity of the classical particle. 

positive integer. The negative sign in wg) means that the 'H. A. Behe md E. E. Salpner, ~ m n t m  Mechanics of 0;- a d  TW- 
resonance occurs for a wave with left circulation at the fre- Electron Atoms (Academic Press, New York, 1957). 

2 ~ .  Sommerfeld, Atomic Structure and Spectral Lines, 3rd ed., transl. from 
quency lw':'l.  As (23)-(26)9 the ve- he Gemm pd. Loodon, 19'34). 
locity of a Dirac particle with an anomalous magnetic mo- 'D. M. Volkov, Z. Phys. 94,250 (1935). 

ment in an electromagnetic wave in a longitudinal magnetic 4P. J. J. Phys. '* 16' (lg6'). 

field, in contrast to the velocity of a Dirac particle without an Translated by Paul F. Schippnick 
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