Motion of Meteoritic Dust Particles
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Reference:

1. Classical Mechanics: Dover Publications,2nd Edition by H.C. Corben and Philip Stehle , page 73.
2. Poynting-Robertson effect , From Wikipedia , http://en.wikipedia.org/wiki/Poynting-Robertson_effect
The equation of motion for meteoritic dust particles suject  to radiation pressure from the sun and to relativistic mass accretion is 
                        [image: image1.jpg]


 (1)
The second term in parenthesis is the force of the radiation assuming total absorption  , the last term proportional to the velocity v ,is the force due to relativistic accretion of mass. In general the ,first two terms , the radial force, are dominant.

As long as  GMm > (dE/dt) A /(4πc) the orbits are elliptical. But for a set of fixed initial conditions the period is longer than for the same problem without radiation pressure.

The radiation pressure is the main term when 

m < (dE/dt) A /(4πcGM)                                                                . (2)
It destroys the elliptical orbits blowing away the particles.

To find the particle size we let  m ~ ρ a3  where ρ is the density of iron 7.8E3 kg/m3 and a is the size of the particle. Also A ~ a2  and dE/dt =3.78E26 watts , 

G=6.67E-11Nm2/kg2   , c=3E8m/s  ; then  

a <  dE/dt /(4πcGM ρ) = 1.E-7 m  ie. 10 micrometers          . (3)
To test the effect of particle size  on the orbit  we integrate numerically the equation of motion for particles of sizes equal to  1 micro meter , .5E-6 m, .3E-6 m and .5E-7 m.

All particle trajectories have the same initial conditions 

namely   (x0,y0)= (1.5E11 m,  0.)

v0=1.5e4 m/s , with the velocity initial angle 90 deg. with respecto to the X axis. 
Only the last particle (size=.5E-7 m) is blown away. The others have increasingly larger periods as the mass diminishes.
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c the Poynting Robertson effect meteoritic dust particles in the

c  gravitaional field of the sun  Reference Classical Mechanics,Corben

c    and Stehle , Dover Publications page 73

c needs an equation for dm/dt ,ie.the mass of the particle is variable?

      real m , msun

      data size,msun , G /.1e-6 ,1.98e30 ,6.67e-11  /

      data c, edot ,drock/3.e8,3.78e26 , 7.8e3/

c alfa(initial velocity angle) is in degrees

      data x0,y0,v0 , alfa/1.50e11,0.,1.5e4,90. /

      ax(x,y,vx)=-(G*Msun -(Edot*area)/(4.*pi*c*m))*

     $ (x/(x**2+y**2)**(3./2.)) -

     $((edot*area)/(4.*pi*(x**2+y**2)*c**2*m))*vx

      ay(x,y,vy)= -(G*Msun -(Edot*area)/(4.*pi*c*m))*

     $ (y/(x**2+y**2)**(3./2.)) -

     $((edot*area)/(4.*pi*(x**2+y**2)*c**2*m))*vy

      pi=2.*asin(1.)

      area=size**2

      alfa=alfa*pi/180.

      m=drock*size**3

      tpress=m*v0*4.*pi*c*(x0**2+y0**2)/(edot*area)

      taccret=m*4.*pi*c**2*(x0**2+y0**2)/(edot*area)

      tkepler=sqrt((x0**2+y0**2)**(1.5)/(G*msun))

      tscale=amin1(tpress, taccret,tkepler)

      print*,'tpress, taccret,tkepler=',tpress, taccret,tkepler

      print*,'size(m)=',size

      print*,'  '

      dt=tscale/150.

      tfinal=50.*tscale

      nstep=int(tfinal/dt)

      kp=int(float(nstep)/80.)

      kount=kp

      vx=v0*cos(alfa)

      vy=v0*sin(alfa)

      x1=vx*dt+x0

      y1=vy*dt+y0

      print 100 ,0.,x0,y0

      do 10  i=2,nstep

      t=dt*float(i)

      m=m+dt*(edot*area)/(4.*pi*(x1**2+y1**2)*c**2)

      x2=2.*x1-x0+dt**2*ax(x1,y1,vx)

      y2=2.*y1-y0+dt**2*ay(x1,y1,vy)

      if(i.eq.kount)then

      print 100 ,t,x0,y0

c      print*,((Edot*area)/(4.*pi*c*m))*

c     $ (y2/(x2**2+y2**2)**(3./2.)) ,((edot*area)/(4.*pi*

c     $(x2**2+y2**2)*c**2*m))*vx

      kount=kount+kp

      endif

      x0=x1

      x1=x2

      y0=y1

      y1=y2

      vx=(x2-x1)/dt

      vy=(y2-y1)/dt

10      continue

100   format(1x,'t,x,y=',3(4x,e10.3))

      stop

      end

