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For the derivation of the approximate method see ref 1.

The heat equation diffusion equation in one dimension is 

         ∂ T(x,t) /∂ t    =  α2 ∂2 T(x,t)/ ∂ x2                                (1)

Let the original temp. distribution be T(x,0)= 50 
and at the ends T(0,t) = T(L,t)= 0. degrees
, alfa= 1.m2/s  and  L= 1 m.

The exact solution is 

[image: image1.png]Znod (200/m) exp(- n2n? t) sin(nnx).





The approximate solution is 

Tapprox(x,t) = Tinit(L/2.)*exp(-8.*(alfa/L)**2*t)*(4.*x/L)*(1.-x/L)   or simply

                     =50.* exp(-8.*(alfa/L)**2*t)*(4.*x/L)*(1.-x/L)   
In this problem the tau (time constant)= ( 8.*(alfa/L)**2)-1  =  0.125 s  

So within a few taus the rod will cool to nearly zero degrees.
[image: image2.emf]tau=.125 s   , t=.0625
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c parabolic  approx solution to the heat equation

c Hot rod sample taken from the web site ...

c http://www.mathphysics.com/pde/ch8wr.html

      real  L

      data alfa ,L / 1.,1./

      Tapprox(x,t)=T10*exp(-8.*(alfa/L)**2*t)*(4.*x/L)*(1.-x/L)

      tinit(x)=50.

      pi=2.*asin(1.)

      t10=tinit(L/2.)

      tau=(1./8.)*(L/alfa)**2

      t=1.*tau

      print*,'tscale,t=',tau,t

      print*,'  '

      nstep=20

      dx=L/float(nstep)

      do 10 i=0,nstep

      x=dx*float(i)

      call texact(x,t,pi,alfa,L,temp)

      print 100 ,x, Tapprox(x,t),temp

10    continue

100   format(1x,'x,tap,texact=',3(4x,e10.3))

      stop

      end

      subroutine texact(x,t,pi,alfa,L,temp)

      real k, L

      sum=0.

      do 10 n=1,11,2

      k=float(n)*pi/L

      c1= 200./(float(n)*pi)

      c2=sin(k*x)

      c3= exp(-(k*alfa)**2*t)

      sum=sum+c1*c2*c3

10    continue

      temp=sum

      return

      end
