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The linear potential in the Dirac equation is studied  analytically in Ref 1 in conection with quark confinement. There are two options , one is that the term αr is a Lorentz scalar  , S ≡ αr  and the other is that it is the fourth component of a Lorentz four potential , (0,0,0,V) = (0,0,0, αr) .

The large (G) and small ( F ) components satisfy the system of coupled differential equations (h* =1 , m=1 , c=1)
dF/dr  - (κ/r)F = -(E-V –( m +S) ) G              (1 a)

dG/dr  + (κ/r)G = (E-V + m +S ) F              (1 b)              

To simplify we take  the angular momentum quantum number l =0 .

Then j = l +1/2 = 1/2  and   in this case  κ= -( l +1) = -1. 
When solving eqs 1a and 1b ,either S=0 and V =αr , or S= αr and V=0.

We will solve the equations numerically using the FORTRAN code given below.

The initial conditions are  G(0)= 0.   ,  G(∆r ) = (∆r)abs (κ ) ,F(0)=0. , 
 F(1)= F ( ∆r ) = -(E-V(∆r) –( m +S) ) ∆r G(∆r)              
Example a)  V =αr  , S=0   , α =0.5 
The “ground state” has energy equal to 1.145. The unnormalized G and F are plotted.
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 FORTRAN code
c Numerical solution to the Dirac equation where   (review 4 sep,2008)

c   G=large component, F=small component

c DE eqs for G and F -see eq 3.296 Adv Q M , J. J. Sakurai

c  see also www.geocities.com/serienumerica

c by Reinaldo Baretti Machin

c Depto de Fisica UPR-Humacao

c reibaretti2004@yahoo.com

c www.geocities.com/serienumerica

      dimension F(0:10000), G(0:10000)

      real kapa

      data z,c ,alfa,ie/0.,1.,.5, 1/

      v(x)=-z/x + alfa*x

      eminus(x)=erel-v(x)-c**2

      eplus(x)=erel-v(x)+c**2

      kapa=-1.

      ei=1.145

      ef=1.5

      de=(ef-ei)/float(ie)

      e=ei

      nx=2000

      kp=int(float(nx)/60.)

      kount=kp

c      print*,'ebohr ,edirac=',-.5*z**2, c**2*(sqrt(1.-(z/c)**2)-1.)

      print*,' '

      do 40 it=1,ie

c      xf=2.5*e/alfa

      xf=4.2

      dx=xf/float(nx)

      erel=e+c**2

c initial conditions both G and F ~ r**(/kapa/) see pp 126 Sakurai AQM

      F(0)=0.

      G(0)=0.

      G(1)=dx**abs(kapa)

      F(1)=-(eminus(x-dx)*dx/c)*G(1)

      if(ie.eq.1)print 120 ,0.,G(0),F(0)

      do 10 i=2,nx

      x=dx*float(i)

      G(i)=G(i-1)+dx*(-kapa*G(i-1)/(x-dx)+(1./c)*eplus(x-dx)*F(i-1))

      F(i)=F(i-1)+dx*(kapa*F(i-1)/(x-dx)-(1./c)*eminus(x-dx)*G(i-1))

      if(i.eq.kount)then

      print 120 ,x,G(i),F(i)

      kount=kount+kp

      endif

10    continue

      print 100,e,G(nx),F(nx)

      e=e+de

40    continue

100   format(1x,'enr,G(large),F(small)=',3(3x,e10.3))

120   format(1x,'x,G(large),F(small)=',3(3x,e10.3))

      stop

      end

