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A NEW MAGNETIC FIELD FOR DIRAC'S EQUATIONS
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Dirac's equations are exactly solvable for a magnetic field which seems to have never been considered.
Energy levels are given.

Many authors are interested in the search for all electric or magnetic fields which lead to exactly
solvable Dirac equations [1-3]. We bring a contribution by enunciating that Dirac's equations are also
solvable when the electron experiences the following magnetic field (expressed in a cartesian basis

1
B =—(-vy, yx, a72). The corresponding vector potential is: A = %(—ay, ax, v). Let us put Dirac's

T3
VA
equations into a quaternionic form [4] and solve them by separation of variables [5]:
eV -1 moc  JAE,

(V3+—-———A3)u = —u( P }fﬁt) = -uQ (1)
v ; 2 + +k—a- iexp(-k ) +1 exp(-k ) +k (2)

3=igx*igytkyz= @ J @ az
A3 =iAx+ jAy+kAz = exp(5 ko) (ja +kL) exp(-3k ¢) (3)
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Introduce egs. (2) and (3) into (1) and put u=exp(3 2 @) v

[ (a'r 27 (ré&+2£)+k(‘a§a§+% ] v=-0Q (4)

The separation of variables obviously holds in the form:
v - . .
v=exp( —h_—l pzz) exp(V-1(m+3)¢) (R{+iRg+jR3+kRy)

The radial equation is

w/_ «f_f

”_SR +3iR +iV -1(m+3)R+ pzrkR+rRQ+ (jan+ky)R =0 (5)

equivalent to a coupled differential system with four equatlons. Note that RQ satisfies the same equa-
tion; therefore RQ =AR. The eigenvalue X follows: X =+ (E2 - my2 c4)1/ /2/ck . Thus two algebraic relations
exist between the four R; which allows us to eliminate Rj and R4. After doing that, make the system
real by putting T9=Rg+R3 V-1 and T3=R3+Rg v -1 and decouple the system to obtain two second
order differential equations. They may be solved by Sommerfeld's polynomial method provided account
is taken of our theory [6] for the polynomial solutions of
Df" + (ar2+b1-+c)f‘ + (d+er)f = 0 where D is », (1 -7) or »(1 -7)(a- 7). Here D=»(1 -7) and the
polynomial condition e = -an gives the energy levels while the radial functions contains Laguerre func-
tions only.

r eac(2m+1)+ Zcpzey/k'
E2 =mgc4+c2p§ +(eac)? —

LG +V(@m+1)2+ 4(ey /5)2
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