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Employing the Cayley Hamilton theorem 

the inverse of matrix A is ,

 A -1 =   - ( An-1  + c An-2  + c An-2   + c U ) / c n      ( 1)
The coefficients  cn  are from the characteristic equation of matrix A.
We write expressions for three coefficients needed in the case of the third order matrix A employed in the example.

Denote the traces  by 

S1 = Tr (A)   ,  S2  = Tr (A2)   ….. S 3= Tr (A3)   .

The coefficients are given by
c 1  = - S1
c 2 = -(1/2)  ( c 1S 1+ S 2)

c 3 = -(1/3)  ( c 2S 1+ c 1 S 2  + S3 )

The matrix A has elements

      a(1,1)=1.

      a(1,2)=2.

      a(1,3)=0.

      a(2,1)= -1.

      a(2,2)=3.

      a(2,3)=0.

      a(3,1)=0.

      a(3,2)=0.

      a(3,3)=6.
The RUN prints the coefficients , the inverse matrix,and verifies that A* A-1  = Unit matrix
RUN

c1,c2,c3= -10.  29. -30.

  I   J

     0.60000E+00  -0.40000E+00   0.00000E+00

   0.20000E+00   0.20000E+00   0.00000E+00

   0.00000E+00   0.00000E+00   0.16667E+00

 prod(1,1),prod(2,2),prod(3,3)=  0.99999994  1.  1.00000024
*************************************************
FORTRAN CODE
c Inverse matrix    by Cayley-Hamilton method

      dimension a0(5,5),a(5,5),a2(5,5),a3(5,5),a4(5,5),c(5,5),ainv(5,5),

     $ trace(5)  ,apwr(5,5) ,coef(0:5) , prod(5,5)

      real msum(5,5)

      equivalence (ainv,msum)

      a(1,1)=1.

      a(1,2)=2.

      a(1,3)=0.

      a(2,1)=-1.

      a(2,2)=3.

      a(2,3)=0.

      a(3,1)=0.

      a(3,2)=0.

      a(3,3)=6.

      norder=3

      coef(0)=1.

      do 30 i=1,norder

      do 30 j=1,norder

      if(i.eq.j)a0(i,j)=1.

      if(i.ne.j)a0(i,j)=0.

      apwr(i,j)=a(i,j)

30    continue

      do 20 ipwr=2,norder

      do 10 i=1,norder

      do 10 j=1,norder

      c(i,j)=0.

      do 10 k=1,norder

      c(i,j)=c(i,j)+a(i,k)*apwr(k,j)

10    continue

      do 40 i=1,norder

      do 40 j=1,norder

      apwr(i,j)=c(i,j)

c     matrices a2, a3, etc are defined

      if(ipwr.eq.2)a2(i,j)=apwr(i,j)

      if(ipwr.eq.3)a3(i,j)=apwr(i,j)

40    continue

c     traces are calculated

      do 50 i=1,norder

      trace(i)=0.

      do 50 j=1,norder

      if(i.eq.1)then

      trace(i)=trace(i)+a(j,j)

      endif

      if(i.eq.2)then

      trace(i)=trace(i)+a2(j,j)

      endif

      if(i.eq.3)then

      trace(i)=trace(i)+a3(j,j)

      endif

50    continue

c      print*,'A a la potencia ipwr=', ipwr

c      print*,'c11,c12,c21,c22=',c(1,1),c(1,2),c(2,1),c(2,2)

c      print*,'a211,a212,a221,a222=',a2(1,1),a2(1,2),a2(2,1),a2(2,2)

c      print*,' trace (1), trace(2)=',trace(1), trace(2)

20    continue

c   coefficients coef(i)

      do 60 i=1,norder

      coef(i)=0.

      do 70 n=1,i

      coef(i)=coef(i)+coef(i-n)*trace(n)

70    continue

      coef(i)=-coef(i)/float(i)

60    continue

      print*,'c1,c2,c3=',coef(1),coef(2),coef(3)

c oK los coeficientes

c     A inverse   equivalence ainv(i,j) = msum(i,j)

      do 90 i=1,norder

      do 90 j=1,norder

      msum(i,j)=0.

c      c se necesita trabajar ********************

      do 90 k=0,norder-1

      if(k.eq.0)apwr(i,j)=a2(i,j)

      if(k.eq.1)apwr(i,j)=a(i,j)

       if(k.eq.2)apwr(i,j)=a0(i,j)

      msum(i,j)=msum(i,j)-coef(k)*apwr(i,j)/coef(norder)

90    continue

c    test of a(i,n)* ainv(n,j) =unit matrix

      do 100 i=1,norder

      do 100 j=1,norder

      prod(i,j)=0.

      do   100 k=1,norder

      prod(i,j)=prod(i,j)+a(i,k)*ainv(k,j)

100   continue

      print*,' I   J '

      print 110,((ainv(i,j),j=1,norder),i=1,norder)

      print*,'  '

      print*,'prod(1,1),prod(2,2),prod(3,3)=',prod(1,1),prod(2,2),

     $prod(3,3)

110   format(2x, 3(2x,e12.5))

      stop

      end

