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oS Sty dolin 25
#l1-sh unv_M.B.G Maple 9.5
#rung Kutta program;
#This Program Calculate P(x)=y and Q(x)=z ;
#select -1<= E <=0;
#1l{max] :=1; &2,...
#crystal potential:
#V(x):= (B/exp(x+0.5*d))*(0.254261524 + 0.74863877*exp ( (-
exp (x+0.5*%d) /0.6115313803) ) ;
d:=0.1:
fistep
E:=-0.1:
#£:=0,-0.1,-0.2,-0.3,~-0.4,-0.5,-0.6,-0.7,-0.8,-0.9,-1
l:=1: #1:=0,1
#initial value
y:=(0.001) " (1+1):
z:=(-4*(0.001)~(1+1))/(1+1) :
while x<=0.1 do
x:
kly:=(1+1) *y+exp (x) *z:
k2y:=(141) * (y+0.5*kly) +exp (x40 .5*d) *=z:
k3y:=(141) * (y+0.5*k2y) +texp (x+0.5*d) *=z:
kdy:=(1+1) * (y+0.5*k3y) texp(x+0.5*d) *=z:
klz:=-(E-(8/exp(x)) *(0.254261524 + 0.74863877*exp( (-
exp (x) /0.6115313803))))* exp(x) *y-(1+1) *=z:

k2z:=-(E-(8/exp (x+0.5*d) ) * (0.254261524 +

AA



0.74863877*exp ( (-exp (x+0.5*d) /0.6115313803)))) *
exp (x+0.5%d) *y~- (1+1) * (z+0.5%k1z) :

k3z:=- (E- (B/exp (x+0.5*d) ) * (0.254261524 +
0.74863877*exp ( (~exp (x+0.5*d) /0.6115313803)))) *
exp (x+0.5*d) *y— (1+1) * (z+0.5*k2z2) :

k4z:=- (E-(8/exp {(x+0.5*d) ) *(0.254261524 +
0.748638B77*exp ( (—exp (x+0.5*d) /0.6115313803))) ) *
exp (x+0.5*d) *y- (1+1) * (2+0.5*k32) :

y:=y + (d/6)*(kly + 2*k2y +2*k3y + kdy );

z:=2 + (d/6)*(k2z + 2*k2z +2+*k3z +kdz );

L:=z/y +exp(-x);

x:=x+d ;
end do;
B e e
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#2-sh unv_M.B.G Maple 9.5

#Bessel Neumann& function calculation on the muffin tin
sphere with derivatives.
#General formula for Bessel and Neumann Functions

J[11(x) :=((-1)"1) * (x*1) * ((d/dr) *1) * (sin(xr) /) ) ;

n[l](r):= -((-1)"1)*(r*1) *((d/dr)"1) * (cos(x) /r)) ;
#1[max]:=1

n[0]:= -cos(x)/r ;

n[l]:= -cos(r)/r"2 -sin(r)/r ;

j[0]:= sin(r)/r ;

3[1]1:= sin(r)/r -cos(r)/r ;

np[0]:=diff (n[0],r);
np[l]:=diff (n[1],x);
jpl0]:=diff (501 ,r);
jpll]:=diff (j[1],xr);

r[Mt]:=1.11;

n0:=n[0];
nl:=n[1];
j0:=3[0];
jl:=j[1];

np0:=np[0];



npl:=np[1};
jp0:=3p[0];

jpl:=jpll];

1)
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#3-sh_unv_M.B.G Maple 9.5

#CILI M1 (1) m] [1'] [m'] :=int (int(y[L] [M]*y (1] [m]*y[1'][m"]
,theta=0..Pi) ,phi=0..2*Pi) ;#I=complex I
y[0]1[0]:=1/sqrt (4*Pi) ;
y[1][1]:=-sgrt(3/(8*Pi)) *sin(theta) *exp (I*phi) ;
y[1][-1]:=sqrt(3/(8*Pi)) *sin (theta) *exp (~I*phi) ;

y[1] (0] :=sqgrt(3/(4*Pi)) *cos (theta) ;

for L from 0 by 1 to 1 do
for M from -L by 1 to L do
for 1 from 0 by 1 to 1 do
for m from -1 by 1 to 1 do
for n from 0 by 1 to 1 do
for £ from -n by 1 to n do
CIL] [M][1][m] [n][£f]:=int(int(y[L] [M]*y[1l][m]*y[n][£f], thet
a=0..Pi) ,phi=0..2*Pi) ;
printf ("C[%d] [%d] [%d] [%d] [%d] [%d] :=%g
\n",L,M,1,m,n,£,C[L] [M][1] [m] [n] [£]);
end do;
end do;
end do;

end do;

av



end do;

end do;

ar
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#4-sh unv M.B.G Maple 9.5

with (LinearAlgebra) :

#k vectors in high symmetry point:k[1l]=Gama k,
#k[2]1=K M,k [3]=M Gama,k[4]=Gama_ A

k[1]:=<4/3 * Pi/2.29 *d,0,0>;

k[2]:=<-1/3 * Pi/2.29 * d + 4/3 * Pi/2.29

,Pi*d/ (2.29*sqrt (3)) ,0>;

k[3]:=<-Pi*d/2.29 + Pi/2.29,-Pi*d/(2.29*sqrt(3)) +
Pi/ (2.29*sqrt (3)) ,0>;

k[4]:=<0,0,Pi*d/3.58>;

# position Vectors of Be atoms in crystal
c[l],c[2];

c[1]:=<0,-0.3816666666*sqrt (3) ,-0.25*%3.58>;

c[2] :=<0,0.3816666666*sqrt(3) ,0.25*3.58>;
#calculation of D1 _IM jj' ,Gama K direction
y[0]1[0]:=1/sqrt(4*Pi) ;

y[11[1] :=-sqrt(3/(8*Pi)) *sin (theta) *exp (I*phi) ;
v[11[-1]:=sqrt(3/(8*Pi)) *sin(theta) *exp (~I*phi);
v[1]1[0] :=sqrt(3/(4*Pi)) *cos (theta) ;

Phi[1] [2] :=DotProduct(k[1l],c[1l]-c[2]) ;

Phi[2][1] :=DotProduct(k([1l],c[2]-c[1]);



Phi{1}[1}:=0;
Phi[2]([2]:=0;
zeta:=1000:
s:=0:

theta:=Pi/2:

phi:=0:
a:=2.29:
c:=3.58:

k:=4*pi*d/ (3*a) :

for E from -1 by 0.1 to 0.1 do

for mu from 0.1 by 0.1 to 1 do

for L from 0 by 1 to 1 do

for M from -L by 1 to L do

for o from 1 by 1 to « do

for n from 1 by 1 to 2 do

for d from 0 by 0.01 to mu do
s:=evalf (s+ (k“L) *exp (-k*2/zeta) *y[L]1 [M]1/ ((k)*2 -E)):
end do;
D1[L][M][E] [mu] [o] [n] :=evalf ( (-
(4*Pi/ (16.258)) *((sgrt(E)) "~ (-

L)) *exp(E/zeta) *s) *exp (I*Phi[o] [n]));
end do;

end do;

end do;

end do;



end do;

end do;

for L from 0 by 1 to 1 do
for M from -L by 1 to L do
for E from -1 by 0.1 to -0.1 do
for mu from 0.1 by 0.1 to 1 do
for o from 1 by 1 to 2 do
for n from 1 by 1 to 2 do
printf ("D1[%d] [%d] [%g] [%g] [%g] [%g] :=%a
\n",L,M,E,mu,o,n,D1[L] [M] [E] {mu] [o] [n]) ;#0o=3,n=9prim
end do;
end do;
end do;
end do;

end do;

k{1]:=<4/3 * Pi/2.29 *d,0,0>;with(LinearAlgebra):
k[2]:=<-1/3 * Pi/2.29 * d + 4/3 * Pi/2.29

,Pi*d/ (2.29*sgrt(3)) ,0>;

k[3]:=<-Pi*d/2.29 + Pi/2.29,—Pi*d/(2.29*sqrt(3)) +
Pi/(2.29*sqrt(3)),0>;
k[4]:=<0,0,Pi*d/3.58>;

c[1]:=<0,-0.3816666666*sgqrt(3),-0.25*3.58>;



end do;

end do;

for L from 0 by 1 to 1 do
for M from -L by 1 to L do
for E from -1 by 0.1 to -0.1 do
for mu from 0.1 by 0.1 to 1 do
for o from 1 by 1 to 2 do
for n from 1 by 1 to 2 do
printf ("D1[%d] [%d] [%g] [%g] [¥g] [%g] :=%a
\n",L,M,E,mu,o0,n,D1[L] [M] [E] [mu] [0] [n]) ;#0=7,n=jprim
end do;
end do;
end do;
end do;

end do;

k[1]:=<4/3 * Pi/2.29 *d,0,0>;with(LinearAlgebra) :
k[2]:=<-1/3 * Pi/2.29 * 4 + 4/3 * Pi/2.29

,Pi*d/ (2.29%sqrt (3)),0>;

k[3]:=<-Pi*d/2.29 + Pi/2.29,-Pi*d/(2.29*%sqrt(3)) +
Pi/(2.29%sqrt(3)),0>;
k[4]:=<0,0,Pi*d/3.58>;

c[1]:=<0,-0.3816666666*sqrt(3) ,-0.25*%3.58>;



c[2]:=<0,0.3B16666666*sqrt (3) ,0.25%3.58>;
#calculation of D1_IM j3j' ,GAMA Al direction
y[0][0]:=1/sqrt(4*Pi) ;
v[1]1[1]:=-sqrt(3/(8*Pi)) *sin (theta) *exp (I*phi) ;
y[1]1[-1]:=sqrt(3/(8*Pi)) *sin{theta) *exp (-I*phi) ;
yv[1]1([0]:=sqrt(3/(4*Pi)) *cos (theta) ;

Phi[1] [2] :=DotProduct(k[4],c[1l]l-c[2]) ;
Phi[2] [1] :=DotProduct (k[4],c[2]~-c[1]) ;
Phi[1]1[1]:=0;

Phi[2] [2]:=0;

zeta:=1000:

s:=0:

theta:=0:

phi:=0:

a:=2.29:

c:=3.58:

k:=Pi*d/3.58;

for E from -1 by 0.1 to 0.1 do

for mu from 0.1 by 0.1 to 1 do

for L from 0 by 1 to 1 do

for M from -L by 1 to L do

for o from 1 by 1 to 2 do

for n from 1 by 1 to 2 do

for d from 0 by 0.01 to mu do

v



s:=evalf (s+ (k*L) *exp (-k*2/zeta) *y [L] [M]/ ((k)*2 -E)):
end do;

D1[L] [M] [E] [mu] [o] [n] :=evalf ( (-

(4*Pi/ (16.258)) * ((sgrt(E)) ~ (-

L)) *exp (E/zeta) *s) *exp (I*Phi[o] [n])) ;

end do;

end do;

end do;

end do;

end do;

end do;

for L from 0 by 1 to 1 do
for M from -L by 1 to L do
for E from -1 by 0.1 to -0.1 do
for mu from 0.1 by 0.1 to 1 do
for o from 1 by 1 to 2 do
for n from 1 by 1 to 2 do
printf ("D1[%d] [%d] [%g] [%g] [%g] [%g] :=%a
\n",L,M,E,mu,o,n,D1[L] [M] [E] [mu] [o] [n]) ;#0=],n=jprim
end do;
end do;
end do;
end do;

end do;

aA



end do;

k[1]:=<4/3 * Pi/2.29 *d,0,0>;with(LinearAlgebra) :
k[2] :=<~-1/3 * P1/2.29 * d + 4/3 * Pi/f2.29

,Pi*d/ (2.29*sqrt (3)) ,0>;

k[3]) :=<-Pi*d/2.29 + Pi/2.29,-Pi*d/(2.29*sqrt(3)) +
Pi/(2.29*sqrt(3)),0>;

k[4]:=<0,0,Pi*d/3.58>;

c[1] :=<0,-0.3816666666*sqrt(3) ,-0.25*3.58>;
c[2]:=<0,0.3816666666*sqrt(3) ,0.25*3.58>;
#calculation of D1 1M jj' ,K M direction
y[01[0]:=1/sqrt(4*Pi) ;
yv[1][1]:=-sqrt(3/(8*Pi)) *sin (theta) *exp (I*phi) ;
yv[1][-1]:=sqrt(3/(8*Pi)) *sin (theta) *exp (-I*phi) ;
v[1]1[0]:=sqrt(3/(4*Pi)) *cos (theta) ;

Phi[1l][2] :=DotProduct(k[2],c[1l]-c[2]);

Phi[2] [1] :=DotProduct(k[2],c[2]-c[1]);
Phi[1][1]:=0;

Phi[2][2] :=0;

zeta:=1000:

s:=0:

theta:=Pi/2:

phi:=0.523:

44



a:=2.29:

c:=3.58:

k:=((-Pi*d/ (3*a) + 4*Pi/(3*a))"2
+(Pi*d/ (a*sqrt(3)))"2)70.5:

for E from -1 by 0.1 to 0.1 do
for mu from 0.1 by 0.1 to 1 do
for L from 0 by 1 to 1 do

for M from -L by 1 to L do

for o from 1 by 1 to 2 do

for n from 1 by 1 to 2 do

for d from 0 by 0.01 to mu do
s:=evalf (s+ (k"L) *expr (-k"2/zeta) *y [L] [M]/ ((k) "2
end do;

D1[L} [M][E] [mu] [o] [n] :=evalf ( (-
(4*Pi/ (16.258)) * ((sqrt(E)) " (-
L)) *exp (E/zeta) *s) *exp (I*Philo] [n})) ;
end do;

end do;

end do;

end do;

end do;

end do;

for L from 0 by 1 to 1 do

for M from -L by 1 to L do

-E)):



for E from -1 by 0.1 to -0.1 do

for mu from 0.1 by 0.1 to 1 do

for o from 1 by 1 to 2 do

for n from 1 by 1 to 2 do
printf ("D1[%d] [*d] [%g] [%g] [%g] [*g] :=%a
\n",L,M,E,mu,o0,n,D1[L] {M][E][mu] [o][n]) ;#o0=73,n=jprim
end do;

end do;

end do;

end do;

end do;

end do;

k[1]:=<4/3 * Pi/2.29 *d,0,0>;with(LinearAlgebra):
k[2]:=<-1/3 * Pif2.29 * d + 4/3 * Pi/2.29

,Pi*d/ (2.29*sgrt (3)),0>;

k[3]:=<-Pi*d/2.29 + Pi/2.29,-Pi*d/(2.29*sgrt(3)) +
Pi/ (2.29*sgrt(3)) ,0>;

k[4]:=<0,0,Pi*d/3.58>;
c[1]:=<0,-0.3816666666*sgrt(3),-0.25*%3.58>;
c[2]:=<0,0.3816666666*sgrt(3) ,0.25*%3.58>;
#calculation of D1 _IM jj' ,M GAMA direction
y[01[0]:=1/sqrt (4*Pi) ;
y[11[1]:=-sqrt(3/ (8*Pi)) *sin (theta) *exp (I*phi) ;
y[11[-1]:=sqrt(3/(8*Pi)) *sin (theta) *exp (-I*phi) ;

v[1][0] :=sqrt(3/(4*Pi)) *cos (theta) ;



Phi[1][2] :=DotProduct (k[3}],c[1]-c[2]);
Phi[2][1]:=DotProduct (k[3],c[2]~-c[1])
Phi[1]1([1]:=0;

Phi[2][2]:=0;

zeta:=1000:

s:=0:

theta:=Pi/2:

phi:=1.047:
a:=2.29:
c:=3.58:

k:=((-Pi*d/a + Pi/a)*2+(-Pi*d/(a*sqgrt(3)) +
Pi/ (a*sqgrt(3)))"2)"0C.5:

for E from -1 by 0.1 to 0.1 do

for mu from 0.1 by 0.1 to 1 do

for L from 0 by 1 to 1 do

for M from -L by 1 to L do

for o from 1 by 1 to 2 do

for n from 1 by 1 to 2 do

for d from 0 by 0.01 to mu do

s:=evalf (s+(k*L) *exp (-k"2/zeta) *y[L] [M]1/ ((k) "2 -E)):
end do;

D1[L] [M] [E] [mu] [o] [n] :=evalf ((-
(4*Pi/(16.258)) *((sgrt(E)) " (-

L)) *exp (E/zeta) *s) *exp (I*Philol [n])) ;



end do;
end do;
end do;
end do;
end do;

end do;

for L from 0 by 1 to 1 do
for M from ~-L by 1 to L do
for E from -1 by 0.1 to -0.1 do
for mu from 0.1 by 0.1 to 1 do
for o from 1 by 1 to 2 do
for n from 1 by 1 to 2 do
printf ("D1[%d] [%d] [%g] [%g] [%g] [%g] :=%a
\n",L,M,E,mu,o,n,D1[L] [M] [E] [mu] [o] [n}) ;#o=],n=jprim
end do;
end do;
end do;
end do;
end do;

end do;

# D3_[00] calculation zeta=1000,n=100
zeta:=1000;
for E from 0 by -0.1 to -1 do

Energy:=E;



D3 [00]:= evalf (-
(sqrt(zeta)/ (2*Pi)) *sum( ((E/zeta)"n)/ ((n')* (2*n-
1)) ,n=1..100)) ;

end do;
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