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by Arnold Sommerfeld
Assuming that the heat conduction in a sphere is only dependent on the radial coordinate,  the equation

∂T(r,t) /∂t =   K { ∂ 2T/∂ r2 +(2/r) ∂ T /∂r }              (1)
 K ~ length2/time. Equation (1) implies  (∂ T /∂r)r=0 =0.
Suppose a sphere is originally at 0 degrees in the interior and the surface is kept at 100 degrees.

Let  K=  2.(69./π2)*1.e-4 m2/s    , radius of the sphere , a =0.10 m

and the initial temperature   T(r,0) =0.   Boundary condition ,

 T(r=0.10 ,t) =100 degrees.

Solving (1) by the finite difference  one gets 

T(r,t) = T(r,t-∆t) + (∆t) K { ( T(r +∆r,t) -2 T(r ,t)+ T(r -∆r,t)  )/ (∆r)2 

                  +(2/(r-∆r) ) ( T(r ,t) - T(r -∆r,t) )/ (∆r)               (2)

We integrate (2) backwards starting at the surface and going toward the origin. We start by evaluating T(a-∆r, ∆t) , next point  is T(a-2∆r, ∆t) , until we reach T(0+∆r, ∆t).  The point at the origin is T(0, ∆t)=  T(0+∆r, ∆t) as demanded by the condition of the first derivative at the origin.  
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c heat diffusion in spherical coord by the forward difference method
c k*dt/(dx**2) < 1/2
      real k
c temp(r,t) is a one  dim array the array is for r values
      dimension Temp(0:200) ,Tempnew(0:200)
      data ri,rf , nstep /.10,0.,100/
      f(r,i)= (temp(i+1)-2.*temp(i)+temp(i-1))/dr**2 +
     $(2./r)*(temp(i-1)-temp(i-2))/dr
      pi=2.*asin(1.)
c initial value of temp
      k=2.*(69./pi**2)*1.e-4
      dr=(rf-ri)/float(nstep)
      dt= .8*(.5*dr**2/k)
      tscale=ri**2/k
      tf=1.
      nt=int(tf/dt)
      print*,'tscale,tf,dt=',tscale,tf,dt
c      print*,'dt,dx,nt,nstep =' ,dt,dr,nt,nstep
      print*,'  '
c do 30 assigns T(r,0)
      temp(0)=100.
      tempnew(0)=100.
      do 30 i=1,nstep
      r=ri+dr*float(i)
      temp(i)=0.
30    continue
c do 10 is the time loop
      do 10 j=1,nt
      t=dt*float(j)
      do 20 i=1,nstep-1
      r=ri+dr*float(i)
      tempnew(i)=temp(i)+k*dt*f(r-dr,i)
20    continue
c at the origin df/dr=0 : tempnew(nstep)=tempnew(nstep-1)
      tempnew(nstep)=tempnew(nstep-1)
c changes new and old
      do 50 i2=0,nstep
      temp(i2)=tempnew(i2)
50    continue
10    continue
      do 40 i=0,nstep,5
      r=ri+dr*float(i)
      print 100, t,r,tempnew(i)
40    continue
100   format(1x,'t,r,temp(x,t)=',3(3x,e10.3))
      stop
      end
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