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The non relativistic equation of motion of a charge q with mass m moving in combined electric and magnetic field is 

             d v/ dt = q E /m + (q/m) v x B   . (1)

The following conditions will produce a trochoid motion in the X-Y plane. 
Let    B=  Bz k  , E= Ey j  , v(0)= vy(0) j ,   r(0)=0 i +0 j . 
 Then the  x and y components of the acceleration are
                 d2x/dt2 = (q/m) (dy/dt) Bz                                                                 (2)

            d2y/dt2 = (q/m)Ey –(q/m)(dx/dt)Bz                   .           (3)
We solve (2) and (3)  numerically by the finite difference method. The FORTRAN code is given below.
The finite difference solutions have  the form 

      xn = 2 xn-1 – xn-1 + (∆t)2  (q/m)( (yn-1-yn-2)/∆t)  Bz             (4)                                                       
      yn = 2 yn-1 – yn-1 + (∆t)2  { (q/m)Ey
                          - (q/m)( (xn-1-xn-2)/∆t)  Bz    }    .      (5)     
Define the time scale as 

           tscale =  m/(qBz) ~ seconds.                      (6)
The interval must satisfy the inequality ∆t << tscale.

Data in SI units: E~volts/m , B~teslas v ~m/s , q~coulombs , mass~kg
      data m,q,Ey,Bz/1.e-27,1.e-19,1.5E6,.1/

      data x0,y0,vx0,vy0/0.,0.,0.,1.e6/
[image: image1.emf]Bz=0.1 T , vy(0)=1.0E6m/s , Ey=1.5E6V/m
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FORTRAN code

c Lorentz force   18 march 2009  see Landau & Lifshits
c Classical Theory of Fields  c page 63
      real m
      data m,q,Ey,Bz/1.e-27,1.e-19,1.5E6,.1/
      data x0,y0,vx0,vy0/0.,0.,0.,1.e6/
      tscale=m/(q*Bz)
      dt=tscale/200.
      tfinal=8.*tscale
      nstep=int(tfinal/dt)
      x1=vx0*dt+x0
      y1=vy0*dt+y0
      kp=int(float(nstep)/70.)
      kount=kp
      print 100, 0.,x0,y0
      do 10 i=2,nstep
      t=dt*float(i)
      x2=2.*x1-x0+dt**2*(q/m)*Bz*(y1-y0)/dt
      y2=2.*y1-y0+dt**2*(q*Ey/m -(q/m)*Bz*(x1-x0)/dt)
      if(i.eq.kount)then
      print 100 , t ,x2,y2
      kount=kount+kp
      endif
      x0=x1
      x1=x2
      y0=y1
      y1=y2
10    continue
100   format('t,x,y=',3(3x,e10.3))
      stop
      end

 

 

 

