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In CGS units the radiation reaction force is
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                                                                             (1)

It is the recoil force on an accelerating  charged particle q. It is caused by the emitted electromagnetic radiation.
Suppose the net force is

                           F  = Fexternal + Frad                                                . (2)
Then the equation of motion is

                                   m d v/dt = Fexternal + Frad                           .   (3)                
The formula for the reaction force is applicable only when the particle is traveling at non-relativistic velocities .

Formula (3) is problematic in various ways. One of them is the run away solution in the absence of an external force . For  Fexternal =0 one has

        dv/dt = (2 q2 /(m c3) ) d2 v/dt2 = T0 d2 v/dt2          (  4  )
where a time scale is defined by T0 = 2 q2 /(m c3) ~ s

Eq (4) is equivalent to    du/dt = (1/ T0) u    where ( u=dv/dt)

and therefore  the acceleration 

        u = dv/dt  = A exp( t/ T0 )               .             (5)  

Unless A=0  any small initial acceleration will grow exponentially.

In this note we calculate numerically, using a FORTRAN code, the solution of (3) when the particle is subject to an oscillatory force
                                    Fexternal = - m ω2 x                       . (6)
Two cases are presented , satisfying  the relation ω  <<  1/ T0 .

The velocity is also calculated to see if v << c which goes to the pertinence of the non relativistic equation. In the first example the oscillatory is not perturbed at all, while in the second case , even when  ω  <<  1/ T0 , we have a divergent solution.
In one dimension eq  (3) in terms of the coordinate x is 
d2 x/dt2  = - ω2 x  + (2 q2 /(m c3) ) d3 x/ dt3                (7)    

             =  - ω2 x  +    T0 d3 x/ dt3           .

Introduce  q=4.80286E-10 esu  ,   m =9.108E-28 grams  ,   

c=  2.997930E10 cm/s   in the definition of   T0  to obtain a time scale

T0 = 9.3997E-024 sec . The frequency scale in Hertz is f0 = 1.0639 E23 Hz.

Such a frequency lies above the highest gamma rays produced.
 The velocity scale equals the speed of light c, and the length scale is ,    LS = c T0 = 2.8179 E-013 cm .
Now eq. (7) in dimensionless units is 

d2 x/dt2  =  -   Ω  x    +  d3 x/ dt3                                  (8)

where  Ω = ω T0 = ω/f0  << 1.
Example a) For visible light ω~ 1E15 rad/s    and Ω ~ 1E-8 .
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The numbers show the position , velocity  ,acceleration and the third derivative. The velocity is small relative to unity , the speed of light.
    t                     x                 v                -Ω2 x                (2./3.)d3 x/dt3
  0.000E+00   0.100E+06  -0.100E-10  -0.100E-10

  0.125E+08   0.993E+05  -0.120E-03  -0.993E-11   0.732E-20

  0.250E+08   0.970E+05  -0.243E-03  -0.971E-11   0.155E-19

  0.375E+08   0.931E+05  -0.362E-03  -0.933E-11   0.235E-19

  0.500E+08   0.879E+05  -0.475E-03  -0.881E-11   0.311E-19

  0.625E+08   0.812E+05  -0.581E-03  -0.815E-11   0.382E-19

  0.750E+08   0.733E+05  -0.678E-03  -0.737E-11   0.447E-19

  0.875E+08   0.643E+05  -0.764E-03  -0.647E-11   0.505E-19

  0.100E+09   0.542E+05  -0.839E-03  -0.547E-11   0.556E-19

  0.113E+09   0.433E+05  -0.900E-03  -0.438E-11   0.597E-19

  0.125E+09   0.318E+05  -0.947E-03  -0.322E-11   0.629E-19

  0.138E+09   0.197E+05  -0.980E-03  -0.202E-11   0.652E-19

  0.150E+09   0.732E+04  -0.997E-03  -0.782E-12   0.664E-19

  0.163E+09  -0.517E+04  -0.999E-03   0.467E-12   0.666E-19

  0.175E+09  -0.176E+05  -0.985E-03   0.171E-11   0.658E-19

  0.188E+09  -0.297E+05  -0.956E-03   0.292E-11   0.639E-19

  0.200E+09  -0.414E+05  -0.911E-03   0.409E-11   0.610E-19

  0.213E+09  -0.524E+05  -0.853E-03   0.520E-11   0.572E-19

  0.225E+09  -0.626E+05  -0.781E-03   0.622E-11   0.525E-19

  0.238E+09  -0.719E+05  -0.697E-03   0.715E-11   0.470E-19

  0.250E+09  -0.800E+05  -0.602E-03   0.797E-11   0.407E-19

  0.263E+09  -0.868E+05  -0.498E-03   0.866E-11   0.338E-19

  0.275E+09  -0.923E+05  -0.386E-03   0.921E-11   0.264E-19

  0.288E+09  -0.964E+05  -0.268E-03   0.963E-11   0.185E-19

  0.300E+09  -0.990E+05  -0.146E-03   0.989E-11   0.104E-19

  0.313E+09  -0.100E+06  -0.216E-04   0.100E-10   0.211E-20

  0.325E+09  -0.994E+05   0.103E-03   0.995E-11  -0.622E-20

  0.338E+09  -0.973E+05   0.226E-03   0.975E-11  -0.144E-19

  0.350E+09  -0.937E+05   0.346E-03   0.939E-11  -0.224E-19

  0.363E+09  -0.887E+05   0.460E-03   0.889E-11  -0.301E-19

Example b) Ω~ 1.E-3  (hard X-rays) .The justification for the application of the radiation force equation starts to  breaks down. The velocity of the particle is greater than 1.
       t                     x                 v                -Ω2 x                (2./3.)d3 x/dt3
    0.000E+00   0.100E+06  -0.100E+00  -0.100E+00

   0.125E+03   0.993E+05  -0.120E+02  -0.993E-01   0.736E-05

   0.250E+03   0.970E+05  -0.243E+02  -0.971E-01   0.156E-04

   0.375E+03   0.931E+05  -0.362E+02  -0.933E-01   0.235E-04

   0.500E+03   0.879E+05  -0.475E+02  -0.881E-01   0.311E-04

   0.625E+03   0.812E+05  -0.581E+02  -0.815E-01   0.382E-04

   0.750E+03   0.733E+05  -0.678E+02  -0.737E-01   0.447E-04

   0.875E+03   0.643E+05  -0.764E+02  -0.647E-01   0.505E-04

   0.100E+04   0.543E+05  -0.838E+02  -0.547E-01   0.556E-04

   0.113E+04   0.434E+05  -0.900E+02  -0.438E-01   0.597E-04

   0.125E+04   0.318E+05  -0.947E+02  -0.323E-01   0.629E-04

   0.138E+04   0.197E+05  -0.979E+02  -0.202E-01   0.652E-04

   0.150E+04   0.735E+04  -0.997E+02  -0.785E-02   0.664E-04

   0.163E+04  -0.513E+04  -0.998E+02   0.463E-02   0.666E-04

   0.175E+04  -0.175E+05  -0.984E+02   0.170E-01   0.657E-04

   0.188E+04  -0.297E+05  -0.955E+02   0.292E-01   0.638E-04

   0.200E+04  -0.413E+05  -0.911E+02   0.409E-01   0.610E-04

   0.213E+04  -0.523E+05  -0.852E+02   0.519E-01   0.571E-04

   0.225E+04  -0.626E+05  -0.781E+02   0.622E-01   0.524E-04

example c) Ω =1.E-2 . The equation breaks down completely.
   t                     x                 v                -Ω2 x                (2./3.)d3 x/dt3

   0.000E+00   0.100E+06  -0.100E+02  -0.100E+02

   0.125E+02   0.993E+05  -0.120E+03  -0.993E+01   0.108E-01

   0.250E+02   0.970E+05  -0.242E+03  -0.971E+01   0.115E-01

   0.375E+02   0.931E+05  -0.363E+03  -0.933E+01  -0.409E+01

   0.500E+02   0.879E+05  -0.443E+03  -0.882E+01  -0.887E+02

   0.625E+02   0.823E+05   0.271E+04  -0.810E+01   0.343E+04

   0.750E+02   0.306E+05   0.337E+05  -0.138E+01   0.197E+06

   0.875E+02  -0.232E+07  -0.359E+07   0.521E+02  -0.355E+05

   0.100E+03   0.223E+07  -0.128E+09  -0.663E+04  -0.263E+09

   0.113E+03   0.321E+10   0.182E+10  -0.230E+06  -0.600E+10

   0.125E+03   0.710E+11   0.212E+12   0.351E+07   0.212E+12

   0.138E+03  -0.264E+13   0.246E+13   0.387E+09   0.128E+14
FORTRAN code

c radiation reaction force

c      m d^2x/dt^2= -m w0^2 x +(2e^2/(3c^3))d^3x/dt^3

c w0 is the frequency of an oscillating external field

c consider m a constant 9.108e-28 grams  ,c=2.997930e10 cm/s

c e=4.80286e-10 esu

      implicit real*8(a-h,o-z)

      double precision m ,Lscale

      dimension x(0:20000)

      data e,m,c/ 4.80286d-10 , 9.108d-28, 2.997930d10/

      tscale=e**2/(m*c**3)

      fscale=1.d0/tscale

      Lscale=tscale*c

c      c for optical frequencies w0 ~ 1.e-8

c      w0=1.d-8

      w0=1.d-2

      tau=1.d0/w0

      print*,'w0,tscale,fscale,lscale=',w0, tscale,fscale,lscale

      dt=tau/200.d0

      tf=10.d0*tau

      nstep=int(tf/dt)

      print*,'dt,nstep=', dt,nstep

      print*,'   '

      kp=int(dfloat(nstep)/80.d0)

      kount=kp

      x(0)=1.d5

      x(1)=1.d5

      print*,'   t,    x(i),   vel,       -w0**2*x(i-1) ,

     $ (2.d0/3.d0)*d3x '

      print 100 ,0.d0, x(0),0.d0 -w0**2*x(0),-w0**2*x(0)

      do 10 i=2,nstep

      t=dt*dfloat(i)

      d3x= -w0**2*(x(i-1)-x(i-2))/dt

      if(i.lt.4)d3x= -w0**2*(x(i-1)-x(i-2))/dt

      if(i.ge.4)d3x=( x(i-1)-3.d0*x(i-2)+3.d0*x(i-3)-x(i-4))/dt**3

      x(i)= 2.d0*x(i-1)-x(i-2) + dt**2*( -w0**2*x(i-1) +(2.d0/3.d0)*d3x)

      if(i.eq.kount)then

      vel= (x(i)-x(i-1))/dt

      print 100,t,x(i),vel,-w0**2*x(i-1) ,(2.d0/3.d0)*d3x

      kount=kount+kp

      endif

10    continue

100   format(1x,5(2x,d10.3))

      stop

      end

