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MATLAB (540l S il G g

$%%%%%%%%%%%%1importing data%%%%%%%%%%%%%%%

w=importdata ('CQED.txt");

QODno=str2num (w{l}) ; number of quantum dots
energylev=str2num (w{2}) ; $number of energylevels
cavitym=str2num (w{3}); $number of cavity modes
n=str2num(w{4}); $number of photons allowed in each cavity
mode

b=str2num(w{5}) ; %eign-frequencies of each mode of the
cavity

c=str2num(w{6}); %energies of energy levels of each
quantum dot

g=str2num(w{7}); %coupling factor

if cavitym>1
for i=8:6+cavitym
g(:,:,1-6)=str2num(w{i}); %coupling factor
end
end
gstar=conij (g) ;
eta=str2num(w{cavitym+7}) ;
etastar=conj (eta) ;
phi0=str2num(w{cavitym+8}) ;

a= (energylev) "~ (QDno) * (n+1) * (cavitym) ;

A=zeros (a,a);

t term

AS



for nn=QDno:-1:1
if nn==QDno && mod (g, energylev)~=0
jj=mod (g, energylev) ;
elseif nn==QDno && mod (g, energylev)==
jj=energylev;
else
j=floor ((g-1)/ (energylev) * (QDno-nn))+1;
if mod(j, (energylev” (QDno-nn)))==
jj=energylev;
else
jj=mod (j, (energylev” (QDno-nn)));
end
end
if jj>energylev
jj=jj-energylev;
end
A(g,q)=A(q,q)+c(nn,3jj);
end
end
for m=1: (n+l) cavitym-1
for mm=1:energylev”QDno
A (m*energylev”QDno+mm, m*energylev”QDno+mm) =A (mm, mm) ;

N=zeros (1l,cavitym) ;
for ii=l:energylev”QDno* (n+l)“cavitym
for i=l:cavitym
B=floor ((ii-1)/((n+1l) " (cavitym-i)*energylev”QDno)) ;
F2=circshift(F, [0,-B]);
N(i)=F2(1);
end
A(ii,ii)=A(ii,ii)+sum(N.*Db);
end

~
3
|
L
o

s=(n+1l) "~ (cavitym-qq) *energylev”~QDno;
for i=l:energylev”QDno-1
for j=s+l:s+i
A(i,j)=A(i,j)+O,‘
end
if mod (i, energylev)~=0
k=energylev-mod (i, energylev) ;
33=0;
for g=l:mod(i,energylev)-1
jj=jj+tenergylev-qg;
end
for j=s+i+l:s+i+k
A(i,j)=A(i,3)+g(QDbno,jj+j-s-1,9q);
q.



end
end
for m=1:QDno-1
l=mod (floor ((i-1)/ (energylev”m)),energylev’™m)+1;
33=0;
for g=1:1-1
jj=jjtenergylev-qg;
end
for d=l:energylev-1
j=s+itd*energylev’m;
A(i,3J)=A(i,])+g(QDno-m,jj+d,qq) ;
end
end
end
block=A(l:energylev”QDno,s+l:s+energylev”QDno) ;

A(l:energylev”QDno,s+l:s+energylev”QDno)=A(l:energylev”QDno,s+l:s+energylev”Q
Dno) +block.';
block2=A(l:energylev”QDno,stl:s+energylev”QDno) ;
for g=1:(n+l)"cavitym-(n+l) " (cavitym-qq) -1
F2=circshift (F, [0,-floor (g/ ((n+l) " (cavitym-qgq)))-11);

A(g*energylev”QDnotl: (g+l) *energylev”QDno, stg*energylev”~QDnotl:s+ (gtl) *energy
lev*QDno)=block2*sqrt (F2 (1)) ;
end

for gg=cavitym:-1:1
s=(n+l) "cavitym*energylev”QDno- (n+l) * (cavitym-qq) *energylev*QDno-
energylev”QDno;
for i=a-energylev”QDnot+l:a-1
ii=i-atenergylev”QDno;
for j=s+l:s+ii
A(i,3)=A(i,7)+0;
end
if mod(ii,energylev)~=0
k=energylev-mod (ii, energylev) ;
3j=0;
for g=1l:mod(ii,energylev)-1
jj=jjtenergylev-qg;
end
for j=s+ii+l:s+ii+k
A(i,Jj)=A(i,3)+gstar(QDno,jj+j-s-ii,qq) *sqrt (n);
end
end
for m=1:0Dno-1
l1=mod (floor ((ii-1)/ (energylev”m)),energylev’m)+1;
33=0;
for g=1:1-1
jj=jjtenergylev-qg;
end
for d=l:energylev-1
j=s+ii+d*energylev’m;

1)



A(i,3j)=A(4i,])+gstar (QDno-m, jj+d,qq) *sqrt (n);
end
end
end
block=A(((n+l)“cavitym-1) *energylev”~QDno+l:a,s+l:s+energylev*QDno) ;
A(((n+l)"cavitym-
1) *energylev”*QDno+l:a, s+l:stenergylev”QDno)=block+block."';
block2=A(((n+l)"cavitym-
1) *energylev”~QDno+l:a,s+1l:s+energylev”"QDno) /sqrt (n) ;
for g=(n+l)"cavitym-(n+l) " (cavitym-qq)-1:-1:1
F2=circshift (F, [0,-floor ((g-1)/ ((n+l) " (cavitym-qq)))-11);
A((gt(n+l) "~ (cavitym—-gq)-1) *energylev”~QDno+1l: (g+ (n+l) " (cavitym-
qq) ) *energylev”~QDno, (g-
1) *energylev”QDno+l:g*energylev”QDno)=block2*sqrt (F2 (1))
end
end

b
H
| @)
o
o]
@)

—~ V
e

B=zeros (energylev”QDno, energylev”~QDno) ;
for m=2:QDno
for r=1:m-1
for i=l:energylev”QDno-1
if m==QDno
nn=mod (floor ((i-1) /energylev” (QDno-r)),energylev” (QDno-r) ) +1;
mm=mod (1-1, energylev) +1;
else
nn=mod (floor ((i-1) /energylev” (QDno-r) ), energylev” (QDno-r) ) +1;
mm=mod (floor ((i-1) /energylev” (QDno-m) ) ,energylev” (QDno-m) ) +1;
end
if nn==
a=0;
else
q=0;
for gg=1l:nn-1
g=gtenergylev-gqqg;
end
end
if mm==
s=0;
else
s=0;
for ss=l:mm-1
s=s+energylev-ss;
end
end
for k=l:energylev-nn
q=q+l;
for 1=1l:energylev-mm
s=s+1;
j=i+k*energylev” (QDno-r)+l*energylev” (QDno-m) ;
if mm==energylev| |nn==energylev
B(i,3)=B(i,3)+0;

ay



else

B(i,j)=B(i,]j)+eta(m,s) *eta(r,q);

end
end
s=s- (energylev-mm) ;
end
end
end
end
B2=B+B';
5%%5%%%%5%%%%%%%%%%%%%%5%5%5%%5%%%%%%%%%%%%%
Y 1

%%%%% writing the second &third term%%%%
D=zeros (energylev”QDno, energylev”~QDno)
for m=2:QDno
for r=1:m-1
for i=l:energylev”QDno-1
if m==QDno

nn=mod (floor ((i-1) /energylev” (QDno-r)),energylev” (QDno-r) ) +1;

mm=mod (i-1, energylev)+1;
else

nn=mod (floor ((i-1) /energylev” (QDno-r)),energylev” (QDno-r))+1

’

mm=mod (floor ((i-1) /energylev” (QDno-m) ) ,energylev” (QDno-m) ) +1;

end

if nn==
g=0;

else
a=0;
for gg=l:nn-1

g=gt+energylev-qq;

end

end

for k=l:energylev-nn
a=q+l;
for ss=1:mm-1

s=(ss-1) *energylev+mm-ss- (ss-1) *ss/2;
j=it+k*energylev” (QDno-r) - (mm-ss) *energylev” (QDno-m) ;

if nn==energylev || mm==
D(ilj)zD(ilj)+O;
else

D(i,j)=D(i,j)+etastar(m,s) *eta(r,q);

end
end
end
end
end
end
D2=D+D"';
block=D2+B2;
for ii=1:(n+1l)“cavitym
A((ii-1) *energylev”QDno+l:ii*energylev”QDno, (ii-
1) *energylev”QDno+l:ii*energylev”QDno)=A( (ii-
1) *energylev*QDno+l:ii*energylev”QDno, (ii-
1) *energylev”QDno+l:ii*energylev”QDno) +block;
end

ay



00000000000000000000000000000000000000000000

[V,D]l=eig (M) ;

Mdiag= (V\M) *V;

phi=zeros(a,l);

E=zeros(a,a);

coeff=[];

T=0:0.01:5;

for t=0:.01:5
t
for i=l:a

E(i,i)=exp(Mdiag(i,1i)*t);

end
phi=((V*E) /V) *phi0;
coeff=[coeff,phil;

end

fftcoeff=fft (coeff.");

fftcoeff=fftcoeff.';

55555555 %5%%%%%%%5%%%%%%%5%%5%5%%5%555%5%%5%%%%%%%%%%%%
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fid=fopen ('c:\users\hp\documents\matlab\concurrency.m', 'w');
fprintf (fid, 'C=zeros (1, length (T));\n"');

fprintf (fid, 'for j=1:length(T)\n'");

fprintf (fid, 'for kl=1l:energylev-1\n'");

fprintf (fid, 'for ll=kl+l:energylevin');

fprintf (fid, 'for k2=0:n-1\n");

fprintf (fid, 'for 12=k2+1:n\n'");

fprintf (fid, 'C(j)=C(j) +tcoeff (k2*energylev”~QDno+kl, j) *coeff (12*energylev”QDno+
11,3)-coeff (12*energylev”QDbno+kl, j) *coeff (k2*energylev”QDno+11,7j) -

coeff (k2*energylev”QDno+ll, j) *coeff (1l2*energylev”QDno+kl, j)+coeff (12*energyle
v~QDno+11, j) *coeff (12*energylev”QDno+11,7j);\n");

for i=1:4
fprintf (fid, "end\n"') ;
end
fprintf (fid, 'C(j)=sqgrt(abs(C(3)"2));\n");
fprintf (fid, 'end\n"');
fclose (fi
fid=fopen ('c:\users\hp\documents\matlab\concurrency.m', 'w');
fprintf (fid, 'scale=zeros (QDno+cavitym,1);\n");

'end\n') ;

9900000000000 0000000000 S oo 9990000000000 0



fprintf (fid, 'C=zeros (1, length(T));\n");

fprintf (fid, "K=[];\n");

fprintf (fid, 'K2=zeros (QDno+cavitym, 1) ;\n");

fprintf (fid, 'L=[];\n");

fprintf (fid, 'L2=zeros (QDno+cavitym, 1) ;\n");

fprintf (fid, 'Q=zeros (cavitym+QDno, 1) ;\n");

fprintf (fid, 'for i1ii=2:QDno\n'");

fprintf (fid, 'Q(ii)=1;\n");

fprintf (fid, 'end\n"');

fprintf (fid, 'for jj=1:length(T)\n'");

fprintf (fid, 'cij=0;\n");

fprintf (fid, 'for i=1:QDno+cavitym-
(

fprintf (fid, "for j=i+1:0QDno+cavity ;
9999999009090 000900900000000090000009000000000000000000000090090090000000909
OO0OOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOO

0000000000000000000 00000000000000000000000000000000000

fprintf (fid, 'if i<=QDno && 7Jj<=QDno\n');
for ii=1:QDno-2

fprintf (fid, 'for k%d=1l:energylev\n',ii);
end
for ii=QDno-1:QDno+cavitym-2

fprintf (fid, "for k%d=0:n\n',ii);
end
for ii=1:QDno-2

fprintf (fid, 'for 1%d=1l:energylev\n',ii);
end
for ii=QDno-1:QDno+cavitym-2

fprintf (fid, "for 1%d=0:n\n',ii);
end
fprintf (fid, 'for ki=l:energylev-1\n');
fprintf (fid, 'for li=ki+l:energylevi\n');
fprintf (fid, 'for kj=l:energylev-1\n');
fprintf (fid, 'for 1j=kj+l:energylevin');
for ii=1:QDnotcavitym-2

fprintf (fid, '"K=[K;k%d];\n"',ii);
end
fprintf (fid, 'if abs(i-7)>1\n");
fprintf (fid, 'for ii=1:1i-1\n");
fprintf (fid, '"K2 (ii1)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n"');
fprintf (fid, "for ii=i+1:j-1\n");
fprintf (fid, '"K2 (ii1)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n"');
fprintf (fid, 'for ii=j+1:QDno+cavitym\n');
fprintf (fid, '"K2 (ii1)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n"');

fprintf (fid, 'else\n');
fprintf (fid, 'for ii=1:1i-1\n");
fprintf (fid, "K2 (1i1)=K(1);\n");

q0



fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,

000000000000

for ii=1: QDno+caV t

fprintf (
end
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,

'K=circshift (K

) ;

'end\n'

L

);\n'")

'for ii=j+1:QDno+cavitym\n');

);

'K2 (1i1) =

'K=circshift (K

'end\n'
'end\n
'K2(

0000000000000

fid, '
'if abs(i-3)

'L2 (11)=L (1)

'L=circshift (L

'end\n')

o

) \n'

Al

o

o

L

o

>1\n"'")
'for i1i=1:1-1\n")

;\n');

o

fprintf (fid, "for ii=i+1:3-1\n")

fprintf (fid,
fprintf (fid,

'L2(1i1)=

'L=circshift (L

")

'end\n

L

1);\n")

o

o

0]

0]

);\n'")

o

)

)

o

i\

o

n

o

o

")

;\n'

) ;

fprintf (fid, 'for ii=j+1:QDno+cavitym\n')

(
(
(
(
(
(
fprintf (fid,
(
(
(
fprintf (fid,
fprintf (fid,
fprintf (fid,

fprintf (fid,

'L2(1i1) =

'L=circshift (L

'end\n'

) ;

'else\n')

L

);\n'")

fprintf (fid, 'for ii=1:i-1\n");
")
14 [_1

(

(
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (
fprintf (fid,
fprintf (fid,
fprintf (fid,
fprintf (fid,
(

fprintf (£fid, '

fprintf(f id,

899000000000

fprintf (fi
fprintf (fi
fprintf fld,

'L2 (11)=L(1)

'end\n'")

'L2 (11)=L(1)

'L=circshift (L

'end\n
'end\n

9900000000000

[
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'llle L2-
'K2(3)=173; \n

i\
'L=circshift (L

o

n

o

7

o

fprintf fld,'kile:KZ—Q;\n')

fprintf (fid,

fprintf (fid,
fprintf (fid,

'L2(3)

=kj;\n")

) ;
14 [_l

o

'1ikjL=L2-Q;\n") ;
) ;

'K2(3)
'K2 (i)

=kj;\n'

=1i;\n")

fprintf (fid, "1ikJK=K2-Q;\n")

fprintf (fid,
fprintf (fid,

(
(
(
(
(
fprintf (fid,
(
(
(
(
(
fprintf (fid,

'L2 (3

'L2(i)=ki;\n'

)=13;\n")

) ;
'kiljL=L2-Q;\n'");

o

o

);\n'")

);\n'")

01)

o

o

o

i\

oo

1

n

o

fid, 'for ii=j+1:QDno+cavitym\n')
;\n'

")

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o



fprintf (fid, 'K2(j)=13;\n");
fprintf (fid, 'K2(i)=1i;\n");
fprintf (fid, '111jK=K2-Q;\n") ;

fprintf (fid, 'akikjK=sum (kikjK.*scale);\n")
fprintf (fid, 'aliljlL=sum(liljL.*scale);\n")
fprintf (fid, 'akiljK=sum (kiljK.*scale);\n")
fprintf (fid, 'alikjL=sum(likjL.*scale);\n");
fprintf (fid, 'alikjK=sum (likjK.*scale);\n")
fprintf (fid, 'akiljL=sum (kiljL.*scale);\n")
fprintf (fid, 'aliljK=sum(liljK.*scale);\n")

fprintf (fid, 'cij=cij+ (abs (coeff (akikjK, jj) *coeff (aliljL,jj) -
coeff (akiljK,jj) *coeff (alikjL,jj) -
coeff (alikjK,jj) *coeff (akiljL,jj)+coeff(aliljkK, jj) *coeff(aliljL,jJ)))"2;\n");
for 1i=1:2* (QDno+cavitym)+1
fprintf (fid, 'end\n") ;
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for ii=1:QDno-1
fprintf (fid, 'for k%d=1l:energylev\n',ii);

for ii=QDno:QDno+cavitym-2
fprintf (fid, 'for k%d=0:n\n',ii);
end
for ii=1:QDno-1
fprintf (fid, 'for 1%d=1l:energylev\n',ii);
end
for ii=QDno:QDno+cavitym-2
fprintf (fid, "for 1%d=0:n\n',ii);
end
fprintf (fid, 'for ki=l:energylev-1\n');
fprintf (fid, 'for li=ki+l:energylev\n'
fprintf (fid, 'for kj=0:n-1\n");
fprintf (fid, 'for 1j=kj+l:n\n');

’

~ ~

for ii=1:QDnotcavitym-2
fprintf (fid, '"K=[K;k%d];\n',1i);
end
fprintf (fid, 'if abs (i-3)>1\n'");
fprintf (fid, 'for ii=1:1i-1\n");
fprintf (fid, '"K2 (ii)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n"');
fprintf (fid, "for ii=i+1:j-1\n");
fprintf (fid, '"K2 (ii1)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n"');
fprintf (fid, 'for ii=j+1:QDno+cavitym\n');
fprintf (fid, "K2 (ii)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");

v



fprintf (fid, '"end\n")

fprintf (fid, 'else\n"')
fprintf (fid, 'for ii=1:i-1\n");
fprintf (fid, '"K2 (ii1)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1 s\n'
fprintf (fid, 'end\n")
fprintf (fid, 'for ii=j+1:QDno+cavitym\n')
fprintf (fid, "K2 (1ii)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n")
fprintf (fid, 'end\n")
fprintf (fid, 'KZ(')—ki;
fprintf (£fid, "K2 (7)
for ii=1: QDno+caV1tym 2

fprintf (fid, 'L=[L; 1
end
fprintf (fid, '"if abs(i-7)>1\n");
fprintf (fid, 'for ii=1:1i-1\n");
fprintf (fid, 'L2 (ii)=L(1);\n")
fprintf (fid, 'L=circshift (L, [-1,0]);\n")
fprintf (fid, 'end\n")
fprintf (fid, "for ii=i+1:9-1\n");
fprintf (fid, 'L2 (11)=L(1);\n");
fprintf (fid, 'L=circshift (L, [-1,0]);\n")
fprintf (fid, '"end\n")
fprintf (fid, 'for ii=j+1:QDno+cavitym\n'")
fprintf (fid, 'L2 (ii)=L(1);\n");
fprintf (fid, 'L=circshift (L, [-1,0]);\n");
fprintf (fid, 'end\n")

fprintf (fid, 'else\n');
fprintf (fid, "for ii= 1 i-1\n");
fprintf (fid, 'L2 (ii1)=L(1);\n");
fprintf (fid, 'L:circshift(L [-1,0]);\n");
fprintf (fid, 'end\n"') ;
fprintf (fid, 'for ii=j+1:QDno+cavitym\n');
fprintf (fid, 'L2 (i1)=L(1);\n")
fprintf (fid, 'L=circshift (L, [-1,0]);\n")
fprintf (fid, 'end\n"');
fprintf (fid, 'end\n"');
(
(

fprintf (fid, 'L2 (1)=11i;\n");

fprintf (fid, 'L2 (3)=13;\n");
99999000000000000000000000000000000000000000000000
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fprintf (fid, 'L=[]1;\n");

fprintf (fid, '"K=[]1;\n");

00 0000000000 o 0.0 000000 00 00 0000000000000 000000O0

fprintf (fid ,'klij=K2—Q;\n');
fprintf (fid, "11i1JL=L2-Q;\n") ;
fprintf (£id, 'K2 (j)=13;\n");

(

(

(

fprintf (fid, "kilJjK=K2-Q;\n");
fprintf (fid, 'L2 (7)=kj;\n");
fprintf (fid, "1ikJL=L2-Q;\n")
fprintf (£id, "K2 (7)=kj;\n")

aA



fprintf (fid, 'K2 (i)=11i;\n");
fprintf (fid, "1ikJK=K2-Q;\n");
fprintf (fid, 'L2 (j)=13;\n");
fprintf (fid, 'L2 (1)=ki;\n");
fprintf (fid, 'kilJjL=L2-Q;\n");
fprintf (fid, 'K2(j)=13;\n");
fprintf (fid, 'K2(i)=1i;\n");
fprintf (fid, '111jK=K2-0;\n") ;

fprintf (fid, 'akikjK=sum (kikjK.*scale);\n")
fprintf (fid, 'aliljL=sum(liljL.*scale);\n")
fprintf (fid, 'akiljK=sum (kiljK.*scale);\n")
fprintf (fid, 'alikjL=sum(likjL.*scale);\n");
fprintf (fid, 'alikjK=sum(likjK.*scale);\n")
fprintf (fid, 'akiljL=sum(kiljL.*scale);\n")
fprintf (fid, 'aliljK=sum(1liljK.*scale);\n")

fprintf (fid, 'cij=cij+ (abs (coeff (akikjK, jj) *coeff(aliljL, jj) -
coeff (akiljK,jj) *coeff (alikjL,jj) -
coeff (alikjK,jJj) *coeff (akiljL,jj)+coeff (aliljK,Jj) *coeff(aliljLl,jJ)))"2;\n");
for i1i=1:2* (QDno+cavitym)+1
fprintf (fid, 'end\n") ;

end

990000000000000000000000000000000000000000000000000000000000
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if cavitym>1
fprintf (fid, 'if i>QDno && J>QDno\n');
for ii=1:QDno
fprintf (fid, 'for k%d=1l:energylev\n',ii);
end
for ii=QDno+1l:QDno+cavitym-2
fprintf (fid, 'for k%d=0:n\n',ii);
end
for ii=1:QDno
fprintf (fid, 'for 1%d=1l:energylev\n',ii);
end
for ii=QDno+1l:QDno+cavitym-2
fprintf (fid, "for 1%d=0:n\n',ii);
end
fprintf (fid, 'for ki=0:n-1\n");
fprintf (fid, "for li=ki+l:n\n'");
fprintf (fid, "for kj=0:n-1\n");
fprintf (fid, 'for 1j=kj+l:n\n');
for ii=1:QDnotcavitym-2
fprintf (fid, '"K=[K;k%d];\n',1i);
end
fprintf (fid, '"if abs(i-7)>1\n");
fprintf (fid, 'for ii=1:1i-1\n");
fprintf (fid, '"K2 (ii)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, 'end\n"');
fprintf (fid, "for ii=i+1:j-1\n");
fprintf (fid, '"K2 (ii1)=K(1);\n");

19



fid, 'K=circshift (X, [-1,0]);\n")
fid, 'end\n') ;

fid, 'for ii=j+1:QDno+cavitym\n');
fid, '"K2 (11)=K (1) ;\n");

fid, 'K=circshift (K, [-1,0]);\n")
fid, 'end\n")

fprintf
fprintf
fprintf
fprintf
fprintf
fprintf

~ e~ o~~~ —~

fprintf (fid, 'else\n"')
fprintf (fid, 'for ii=1:i-1\n");
fprintf (fid, "K2 (1i1)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n")
fprintf (fid, 'end\n")
fprintf (fid, 'for ii=j+1:QDno+cavitym\n')
fprintf (fid, 'K2 (ii)=K(1);\n");
fprintf (fid, 'K=circshift (K, [-1,0]);\n");
fprintf (fid, '"end\n")
fprintf (fid, 'end\n")
fprintf (fid, 'K2(')—ki;
fprintf (£id, "K2 (3)
for ii=1: QDno+caV1tym 2

fprintf (fid, 'L=[L; 1
end
fprintf (fid, "if abs(i-7)>1\n");
fprintf (fid, 'for ii=1:1i-1\n");
fprintf (fid, 'L2 (ii)=L(1);\n")
fprintf (fid, 'L=circshift (L, [-1,0]);\n")
fprintf (fid, 'end\n")
fprintf (fid, "for ii=i+1:9-1\n");
fprintf (fid, 'L2 (1i1)=L(1);\n");
fprintf (fid, 'L=circshift (L, [-1,0]);\n")
fprintf (fid, 'end\n")
fprintf (fid, 'for ii=j+1:QDno+cavitym\n')
fprintf (fid, 'L2 (ii1)=L(1);\n");
fprintf (fid, 'L=circshift (L, [-1,0]);\n");
fprintf (fid, 'end\n")

fprintf (fid, 'else\n');

fprintf (fid, 'for ii=1:1i-1\n");

fprintf (fid, 'L2 (ii1)=L(1);\n");

fprintf (fid, 'L=circshift (L, [-1,0]);\n");
fprintf (fid, 'end\n"');

fprintf (fid, 'for ii=j+1:QDno+cavitym\n');
fprintf (fid, 'L2 (i1)=L(1);\n")

fprintf (fid, 'L=circshift (L, [-1,0]);\n")
fprintf (fid, 'end\n"');

fprintf (fid, 'end\n"');

fprintf(fld 'L2(1)=11i;

fprintf ( ]
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fprintf (fid, 'K2(j)=13;\n");
fprintf (fid, '"kilJjK=K2-Q;\n");
fprintf (fid, 'L2 (7)=kj;\n");
fprintf (fid, '1ikjL=L2-0;\n");
fprintf (£id, 'K2(j)=kj;\n");
fprintf (fid, 'K2 (i)=11i;\n");
fprintf (fid, "1ikJK=K2-Q;\n");
fprintf (fid, 'L2 (j)=17;\n");
fprintf (fid, 'L2 (1)=ki;\n");
fprintf (fid, 'kilJjL=L2-0Q;\n");
fprintf (fid, 'K2(j)=13;\n");
fprintf (fid, 'K2(i)=1i;\n");
fprintf (fid, '111jK=K2-0;\n") ;

fprintf (fid, 'akikjK=sum (kikJjK.*scale);\n")
fprintf (fid, 'aliljlL=sum(liljL.*scale);\n")
fprintf (fid, 'akiljK=sum (kiljK.*scale);\n")
fprintf (fid, 'alikjL=sum(likjL.*scale);\n");
fprintf (fid, 'alikjK=sum (1likjK.*scale);\n")
fprintf (fid, 'akiljL=sum (kiljL.*scale);\n")
fprintf (fid, 'aliljK=sum(liljK.*scale);\n")

fprintf (fid, 'cij=cij+ (abs (coeff (akikjK, jj) *coeff(aliljL,jj) -
coeff (akiljK,jj) *coeff (alikjL,jj) -
coeff (alikjK, jj) *coeff (akiljL,jj)+coeff (aliljK,j]j) *coeff(aliljL,JjJ)))"2;\n");

for i1ii=1:2* (QDno+cavitym)+1
fprintf (fid, "end\n"') ;
end
end
fprintf
fprintf
fprintf
fprintf

fid, 'end\n"'") ;

fid, 'end\n"'") ;

fid, 'C(jj)=sqrt(cij);\n");
fid, "33\n");

fprintf (fid, 'end\n'") ;

fprintf (fid, "plot (T,C)\n");

fclose (fid);

end

o~~~ o~ o~ —~
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Abstract:

Cavity Quantum Electro-Dynamics (CQED) in Weak, Strong and Ultra-Strong coupling Regimes are
studied.

A MATLAB m-file is written which is able to solve any arbitrary CQED configuration. This program
demands input data such as number of Quantum Dots, number of energy levels of each Quantum Dot,
energies of each energy level of Quantum Dots, Number of cavity modes, eign-frequency of each cavity
mode, coupling constant, dipole strength of each allowed transition of Quantum Dots and initial state of
system from user and begins to solve the Schrodinger equation for annihilation and atomic ladder
operators. In addition, coefficients of each possible ket will be calculated. Since, any approximation
method is dismissed in the program, the results are mathematically exact.

In chapter 1, a brief history and applications of CQED systems are discussed. In chapter 2, the algorithm
and the format of input text file will be cleared. In chapter 3, reader will be familiar with the notation
that is used throughout of this thesis and also, the mathematical process of gleaning the Schrodinger
equation for annihilation and atomic ladder operator is followed. Finally in chapter 4, results of several
parameters for a specific CQED system are illustrated in Weak, Strong and Ultra-Strong Coupling
Regimes.
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