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1. Schaum's Outline of Finite Element Analysis by George R. Buchanan ,problem 2.7.
The heat equation, ( T ~ temperature ,x~ length Q ~ energy/(time-L3 ) , k~ energy/(time-L-temperature)  )

[image: image1.jpg]Il

~ 10



(1)

with T(0)=0 , T(L)=0 is solved using jointly  the Ritz method and finite element.

To equation (1) corresponds the variational functional J(T)
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Let T1 = T(0)=0   and T3 = T(L)=0.
We introduce repeatedly a  two linear interpolation polynomial and obtain a value of T2 , at a variable point (L/n) ,that coincides with 
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the exact result.We retain the value T2 and discard the linear elements.
T(x) = (Q/(2k)) x (L-x)                               (3).

Let the imterval L be divided  in two portions  L/n  and  L(1-1/n).

Then 
T(x) = (nT2 /L) x      when         0 ≤   x ≤ L/n          ,  (4)
and     T(x) = T2(L-x) /(L(1-1/n) ) when L/n ≤   x ≤ L . (5)  
The derivatives of (4) and (5) are

dT/dx =(nT2 /L)   , dT/dx= T2(-1) /(L(1-1/n) )      (6)

Dividing  J in (2) by the constant k  and susbstituting 4,5,6 we have two contributions   J1  and  J2
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Taking the derivatives    ∂ J1 /∂T2 +∂ J2 /∂T2 =0  and solving for

T2   gives   ,
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(10)
This is an exact result.

The relation between L , the position x and n is 

  n=L/x .
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FORTRAN CODE

c problem 29.9 Schaum Numerical Analysis finite element

      real n ,L , k

      data Q,k,L /1000.,10.,1./

      T(x)= ((Q*x)/(2.*k))*(L-x)

      djdt(n)=(q/k)*(L/(2.*n) +L -(L/2.)*(1.-1./n**2)/(1.-1./n) )

      T2(n)=djdt(n)/( n/L +1./(L*(1-1./n)) )

      nstep=20

      dx=L/nstep

      print 100,0.,0.,0.

      do 10 i=1,nstep-1

      x=dx*float(i)

      n=L/x

      print 100,x, t(x) , T2(n)

10    continue

100   format(1x,'x,t(x),a(m)=', 3(3x,e12.5))

      print 100, 1.,0.,0.

      stop

      end

x,t(x),a(m)=    0.00000E+00    0.00000E+00    0.00000E+00

 x,t(x),a(m)=    0.50000E-01    0.23750E+01    0.23750E+01

 x,t(x),a(m)=    0.10000E+00    0.45000E+01    0.45000E+01

 x,t(x),a(m)=    0.15000E+00    0.63750E+01    0.63750E+01

 x,t(x),a(m)=    0.20000E+00    0.80000E+01    0.80000E+01

 x,t(x),a(m)=    0.25000E+00    0.93750E+01    0.93750E+01

 x,t(x),a(m)=    0.30000E+00    0.10500E+02    0.10500E+02

 x,t(x),a(m)=    0.35000E+00    0.11375E+02    0.11375E+02

 x,t(x),a(m)=    0.40000E+00    0.12000E+02    0.12000E+02

 x,t(x),a(m)=    0.45000E+00    0.12375E+02    0.12375E+02

 x,t(x),a(m)=    0.50000E+00    0.12500E+02    0.12500E+02

 x,t(x),a(m)=    0.55000E+00    0.12375E+02    0.12375E+02

 x,t(x),a(m)=    0.60000E+00    0.12000E+02    0.12000E+02

 x,t(x),a(m)=    0.65000E+00    0.11375E+02    0.11375E+02

 x,t(x),a(m)=    0.70000E+00    0.10500E+02    0.10500E+02

 x,t(x),a(m)=    0.75000E+00    0.93750E+01    0.93750E+01

 x,t(x),a(m)=    0.80000E+00    0.80000E+01    0.80000E+01

 x,t(x),a(m)=    0.85000E+00    0.63750E+01    0.63750E+01

 x,t(x),a(m)=    0.90000E+00    0.45000E+01    0.45000E+01

 x,t(x),a(m)=    0.95000E+00    0.23750E+01    0.23750E+01

 x,t(x),a(m)=    0.10000E+01    0.00000E+00    0.00000E+00

