function [velocities,eigvec] = xstl(dcos,rho,Cij,symcode)

% Program to calculate velocities for arbitrary symmetry and propagation direction

%  Usage:

%     ([P Sfast Sslow], eigenvectors) = xstl(dcos,rho,C,symcode)

% dcos are direction cosines

% rho is density 

% Cij in order 

%          Isotropic            C11 C12

%          Cubic................C11 C12 C44 

%          Hexagonal............C11 C12 C13 C33 C44 

%          Trigonal(6 Cij's)....C11 C12 C13 C14 C33 C44 

%          Trigonal(7 Cij's)....C11 C12 C13 C14 C25 C33 C44 

%          Tetragonal(6 Cij's)..C11 C12 C13 C33 C44 C66 

%          Tetragonal(7 Cij's)..C11 C12 C13 C16 C33 C44 C66

%          Orthorhombic.........C11 C12 C13 C22 C23 C33 C44 C55 C66

%          Monoclinic(MO2)......C11 C12 C13 C15 C22 C23 C25 

%                               C33 C35 C44 C46 C55 C66

%          Monoclinic(MO2)......C11 C12 C13 C16 C22 C23 C26 

%                               C33 C36 C44 C45 C55 C66

%          Triclinic(21 Cij's)..C11,C12,C13,...,C22,C23,...C33,C34,...,C44 etc.

%

% pos just tells the program how to place the

% elastic constants into the tensor based on the symmetry of the sample

% and the convention of how Cij are passed into this function

% This version can handle all symmetries from isotropic to triclinic

% 

% 1988 (J.M. Brown), 1/23/95 (Mu Chai), and 4/13/96 (JMB) 

% calls built-in function "eig" (eigenvalues)

%

%Here are the codes for various symetries:

%Isotropic...........0

%Cubic...............1

%Hexagonal...........2

%Trigonal, 6 const. .3

%Trigonal, 7 const. .4

%Tetragonal, 6 con. .5

%Tetragonal,
7 con. .6

%Orthorhombic........7

%Monoclinic (MO2)....8

!! Monoclinic Diad Parallel to x2 !!

%Monoclinic (MO3)....9

!! Monoclinic Diad Parallel to x3 !!

%Triclinic...........10

% setup stuff


nCij=length(Cij);


[np,nv]=size(dcos);


velocities=zeros(np,3);


eigvec=zeros(3,3,np);


C=zeros(1,27);


CC=zeros(1,27);


A=zeros(3,3);

%/* okay, set up the elastic tensor */

% 
heh.  See if you can follow this:

% 
The gist of it is that each sequential pair (i.e. 0 and 1, 2 and 3, etc...)

% 
is an equation mapping elastic constant into the matrix.

% 
There's really no pretty way to do this, It just has to be done.

% 
*/

switch symcode

    case 0,   %/* isotropic */

        if (nCij ~= 2),

            error('Isotropic symetry requires 2 constants');

        end

        pos=[ 1 1 2 2 3 2 7 1 8 2 12 1 25 22 26 22 27 2];

    case 1,  %
/* cubic */

        if (nCij ~= 3),

        
error('Cubic symetry requires 3 constants');

        end

        pos=[1 1 2 2 3 2 7 1 8 2 12 1 16 3 19 3 21 3];


    case 2,  % /* hexagonal */

        if(nCij ~= 5),

        
error('Hexagonal symetry requires 5 constants');

     
end

     
pos=[1 1 2 2 3 3 7 1 8 3 12 4 16 5 19 5 27 22];

    case 3,    %: /* trigonal--6 constants */

        if(nCij ~= 6),

        
error('Trigonal 6 symetry requires 6 constants');

        end

        pos=[1 1 2 2 3 3 4 4 7 1 8 3 12 5 16 6 19 6 20 4 23 22 27 22];

    case 4,  % /* trigonal--7 constants */

        if(nCij ~= 7),

        
error('Trigonal 7 symetry requires 7 constants');

    
end

    
pos=[1 1 2 2 3 3 4 4 7 1 8 3 10 5 12 6 16 7 18 5 19 4 20 22 22 22 23 22 27 22];

    case  5,  %
/* tetragonal--6 constants */

        if(nCij ~= 6),

        
error('Tetragonal 6 symetry requires 6 constants');

        end

        pos=[1 1 2 2 3 3 7 1 8 3 9 4 16 5 19 5 21 6];

    case 6,  %:
/* tetragonal--7 constants */

        if(nCij~= 7),

        
error('Tetragonal 7 symetry requires 7 constants');

        end

        pos=[ 1 1 2 2 3 3 6 4 7 1 8 3 12 5 16 6 19 6 21 7 24 22];

    case 7,  %: /* orthorhombic */

        if (nCij ~= 9),

            error('Orthorhombic symetry requires 9 constants');

        end

        pos=[1 1 2 2 3 3 7 4 8 5 12 6 16 7 19 8 21 9];

    case 8, %: /* Monoclinic Diad parallel to x2*/

        if (nCij ~= 13),

        
error('Monoclinic x2 symetry requires 13 constants');

        end

        pos=[1 1 2 2 3 3 5 4 7 5 8 6 10 7 12 8 14 9 16 10 18 11 19 12 21 13];

    case 9,  %: /* Monoclinic Diad parallel to x3*/

        if (nCij ~= 13),

        
error('Monoclinic x3 symetry requires 13 constants');

        end

         pos=[1 1 2 2 3 3 6 4 7 5 8 6 11 7 12 8 15 9 16 10 17 11 19 12 21 13];

    case 10,  %: /* triclinic symetry--this one's easy! */

    
if(nCij ~= 21),

        
error('Triclinic symetry requires 21 constants');

        end

        pos=zeros(1,42);

        pos(1:2:end) = 1:21;

        pos(2:2:end) = 1:21;

    otherwise


error(' invalid symmetry code.');

end

% /* now load elastic constants into the matrix */

% here is the magic to relate the constants to the matrix (mapped into a vector)  


CC(22)=1;


CC(1:length(Cij))=Cij(:);


C(pos(1:2:end))=CC(pos(2:2:end));

% set up the 3 by 3 secular tensor, get eigen values and vectors, sort by velocity

for i=1:np,

    if (abs(1-norm(dcos(i,:)))>2*eps),error('direction cosines must be normalized vectors'),end

  
A(1,1) = dcos(i,1)^2*C(1)+ ...



dcos(i,2)^2*(C(21)+C(27)*(C(1)-C(2))/2)+ ...



dcos(i,3)^2*(C(19)+C(26)*(C(1)-C(2))/2) + ...



dcos(i,1)*dcos(i,2)*C(6) + ...



dcos(i,1)*dcos(i,3)*(C(5)-C(22)*C(10)) + ...



dcos(i,2)*dcos(i,3)*C(20); 


A(2,2) = dcos(i,1)^2*(C(21)+C(27)*(C(1)-C(2))/2)+ ...



dcos(i,2)^2*C(7)+ ...



dcos(i,3)^2*(C(16)+C(25)*(C(1)-C(2))/2) + ...



dcos(i,1)*dcos(i,2)*(C(11)-C(24)*C(6)) + ...



dcos(i,1)*dcos(i,3)*C(18) + ...



dcos(i,2)*dcos(i,3)*(C(9)-C(23)*C(4)); 


A(3,3) = dcos(i,1)^2*(C(19)+C(26)*(C(1)-C(2))/2) + ...



dcos(i,2)^2*(C(16)+C(25)*(C(1)-C(2))/2) + ...



dcos(i,3)^2*C(12) + ...



dcos(i,1)*dcos(i,2)*C(17)+ ...



dcos(i,1)*dcos(i,3)*C(14)+...



dcos(i,2)*dcos(i,3)*C(13);


 A(1,2) =dcos(i,1)^2*C(6)+ ...



dcos(i,2)^2*(C(11)-C(24)*C(6))+ ...



dcos(i,3)^2*C(17)+ ...



dcos(i,1)*dcos(i,2)*(C(2)+C(21)+C(27)*(C(1)-C(2))/2)+ ...



dcos(i,1)*dcos(i,3)*(C(4)+C(20))+ ...



dcos(i,2)*dcos(i,3)*(C(18)+C(10));


A(1,3) =dcos(i,1)^2*(C(5)-C(22)*C(10))+ ...



dcos(i,2)^2*C(18)+ ...

  

dcos(i,3)^2*C(14) + ...

  

dcos(i,1)*dcos(i,2)*(C(4)+C(20))+ ...

  

dcos(i,1)*dcos(i,3)*(C(3)+C(19)+C(26)*(C(1)-C(2))/2) + ...

  

dcos(i,2)*dcos(i,3)*(C(15)+C(17));


A(2,3) =dcos(i,1)^2*C(20)+ ...



dcos(i,2)^2*(C(9)-C(23)*C(4))+ ...



dcos(i,3)^2*C(13)+ ...



dcos(i,1)*dcos(i,2)*(C(18)+C(10))+ ...



dcos(i,1)*dcos(i,3)*(C(15)+C(17))+ ...



dcos(i,2)*dcos(i,3)*(C(8)+C(16)+C(25)*(C(1)-C(2))/2);


A(2,1)=A(1,2);


A(3,1)=A(1,3);


A(3,2)=A(2,3);


[v,d]=eig(A);


[vel,id]=sort(sqrt(diag(d)/rho)); 


velocities(i,id)=vel(:)';

    eigvec(:,:,i)=v(:,id);

end

