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Legendre functions are solutions to the differential equation
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or (1-x2 ) d2 P/dx2 -2x dP/dx = -n(n+1)P                     .    (1)    
In this note  a numerical approach is taken to solve eq.(1), which bypasses the traditional power series solution ( see for example, Ref 3).      

It is shown analytically that the first polynomials are 
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We obtain them numerically.The intial conditions are P(x=1)=1 and the first derivative at (x=1) is from (1)  

dP/dx   = n(n+1)/2                                                     .(2)  

We integrate backwards using finite the difference method,from xi =1 to

 xf =-1.       

The results for L=0,1,2,3 are plotted. The MATLAB code is given below.            
MATLAB CODE to generate  Legendre polynomials

% Legendre polynomials
      L=1;    xi=1; xf=-1 ; p(1)=1 ; deriv=(L*(L+1.)/2.)*p(1);
      nstep=1000; dx =(xf-xi)/nstep;
      p(2)= p(1)+dx*deriv;
      x(1)=xi ; x(2)=xi+dx ;
      k=0;
for x=[xi+2*dx:dx:xf]
    k=k+1;
    f=(1/(1-(x-dx).^2))*( 2*(x-dx)*(p(k+1)-p(k))/dx -L*(L+1)*p(k+1) );
      p(k+2)=2*p(k+1)-p(k)+dx^2*f;
end
x=[xi:dx:xf];
plot(x,p),xlabel('x'),ylabel('PL')
[image: image7.emf]-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

x

PL

L=0


[image: image8.emf]-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

x

PL

L=1


[image: image9.emf]-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

-0.5

0

0.5

1

x

PL

L=2


[image: image10.emf]-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

x

PL

L=3


