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HomeWork

1. Consider two beams of magnetic field having the same strength but opposite sign. Show
that only when the field pierces the ring it has an effect on the ring energy spectrum.

2. Consider now different strength and sign. Show that it is the total magnetic flux what
matters




Potential vector yielding a beam of magnetic flux restricted to a small area
inside, outside and piercing a quantum ring.
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Potential vector yielding a beam of a negative magnetic flux restricted to a
small area centered in the opposite direction

Off-centering: X — (X+X,) at =_% ]
Negative magnetic field: -B,, By 2
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Potential vector yielding two opposite direction flux beams:
B=VxA
B' =V x A
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The Hamiltonian:

a.u. and Coulomb gauge (V4 =0)
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vdiags_s

i V defined in o .
dlagonals Of the 1/ (2omer conezei+be/ (4*wsh ns2*radbf*2;cons3=bf "2/ (8*m
sparse matrix dazeros((n-2)"2,1); % filling diagonals with
zeros
dlagS_Spm.m bed;betad;asd;alpsd;
nosround ( (n-1)/2) g v systen
nle=round (n* (x0/lon)) ; ¥ magnetic diske

n2sround (n* (-x0/1on) ) ;

for iielsin-2)
for jimis(n-2)

kk=(ii-1)*(n-2)+33;

auxsaqrt (((11-n0-n1)*2s (33-n0) “2)) *h; ' distance node - magnetic disk

centerd

auxmesqrt (((11-n0-n2)"24(33-n0) "2)) *h;

if aux < radbf % £illing diagonals region B neq ¢
auxlecons3* (aux”2+radbf" 4 fawm" 1) ;

auxlsauxl- (bf"2eradbf”2/4/m)* (h"2*((§3-n0) "4 (1i-n0-nl)* (ii-n0-n2) ) fauwm"2)

d(kk)=-i*conssauxlepote (i1,99)
b(kk)mcons-cons2* (ii-no-nl1) *hecons2e* (ii-n0-n2)*h/awm":;
bet (kk) =cons+cons2* (ii-n0-nl) *h-cons2e* (ii-n0-n2) *h/auxm*
a(kk)=conssconsz* (1§-n0) *h-cons2e* (13 -n0) *h/awm" - ;

alp (kk) mcons-cons2# (§§-n0) *hecons2e® (§§-n0) *h/auxm* 2 ;

H

elweif auxm < radbf
auxl=cons3® (auxm”2+radbf "4 /aux"2) 3
auxlmauxi- (bf*2eradbf*2/:/m)* (h*2* ((§-no)"
d(kk)=-i*conssauxispote(ii, i),
b(kk)=cons+cons2* (1i-n0-n2) *h-cons2e* (ii-no0=-nl)*h/aux"1;
bet (kk) scons-cons2# (ii-n0-n2) *h+cons2e* (ii-no-nl1)*h/aux*:;
a(kk)=cons-cone2* (§3-n0) *hecons2e® (11 -n0) *h/aux"2;
alp (kk) =cons+cons2® (jj-no) *h-cons2e* (§j-no) *h/aux"2;

+(11-n0-n1)* (1i-n0-n2)) /aux"2);

slse * filling diagonals region B =
auxlecons3* { (radbf”{/aux"2) + (radbf”+/awm"2)) ;
auxlsauxl- (bf“ *radbf 4 /i/m)*h*2* ((11-n0) "2+ (ii-n0-nl)* (ii-n0-n2)) faux"2/auxm”* 2

d(kk)=-i*conss+auxlspote(ii, jj);
b(kk)=cons-cons2e® (1i-no-n1) *h/aux"2+cons2e* (11-n0-n2) *h/auxm”:;
bet (kk) sconsscons2e* (ii-n0-nl) *h/aux":-cons2e* (1i-n0-n2)*h/auxm"2;
a (kk)=conssconsZe® (3 -no) *h/aux":-cons2e* (3-n0) *h/awm* 2 ;
alp (kk) scons-cons2e* (11-n0) *h/aux" +consze* (3 -no) *h/auxm”™  y

end




$diags_spm.m

% defined in main.m -> cons=-1/(2*m*h*2);cons2=i*bf/(4*m*h) ;cons2e=cons2*yadhf*2;cons3=bf"2/(8*m)

o

d=zeros((n-2)42,1); filling diagonals with zeros

b=d;bet=d;a=d;alp=d;

o

nter of the system

n0=round( (n=1) /2) ; e
enters of the magnetic disks

nl=round (n* (x0/lon)) ;
n2=round (n* (-x0/1lcn)) ;

o

for ii=l:(n-2)

for jj=1: )
kk=(1i-1)*(n-2)+33;
aux=sqrt (((ii-n0-nl) *2+(jj-n0)*2)) *h; % distance node - magnetic disk center|

auxm=sgrt (((11i-n0-n2)*2+(jj-n0)*2)) *h;

if aux < radbf % filling diagonals region B peg 0
auxl=cons3* (aux*’+radbf*4/auxm*?) ;
auxl=auxl- (bf*2*radbf*2/4/m) * (h*2* ((§3-n0) A2+ (ii-n0-nl) * (1i-n0-n2)) /auzm*2) ;

d (kk)=-Z*cons+auxl+pote (ii,jj) ;

b (kk)=cons-cons2*(ii-n0-nl) *h+cons2e* (1i-n0-n2) *h/auxm"2 ;
bet (kk)=cons+cons2* (1i-n0-nl) *h-cons2e* (11-n0-n2) *h/auxm"2 ;
a (kk)=cons+cons2* (jj-n0) *h-cons2e* (jj-n0) *h/auxm*2;

alp (kk)=cons-cons2* (jj-n0) *h+cons2e* (jj-n0) *h/auxm*2;

elseif auxm < radbf
auxl=cons3* (auxm™ +radbf*4/aux”?) ;
auxl=auxl-(bf*2*radbf*2/4/m) * (h*2* ((jj-n0) *2+ (ii-n0-nl) * (1i-n0-n2)) faux”?) ;
d(kk)=-4*cons+auxl+pote (ii,33)
b (kk)=cons+cons2* (1i-n0-n2) *h-cons2e* (ii-n0-nl) *h/aux*”;
bet (kk)=cons-cons2* (ii-n0-n2) *h+cons2e* (ii-n0-nl) *h/aux*2;
a(kk)=cons-cons2* (jj-n0) *h+cons2e* (jj-n0) *h/aux*2;
alp (kk)=cons+cons2* (jj-n0) *h-cons2e* (jj-n0) *h/aux*2;

else % filling diagonals region B = 0

auxl=cons3* ((radbf*4/aux*2)+(radbf*4/auxm??)) ;
auxl=auxl- (bf*2*%radbfr4/4/m) *h* 2% ((Jj-n0) 22+ (1i-n0-nl1) * (11i-n0-n2)) /aux*2/auxm 2 ;
d (kk)=-Z*cons+auxl+pote (ii,jj) ;
b (kk)=cons-cons2e* (11-n0-nl) *h/aux*Z+cons2e* (11-n0-n2) *h/auxm2 ;
bet (kk)=cons+cons2e* (ii-n0-nl) *h/aux”’-cons2e* (ii-n0-n2) *h/auxm*2;
a (kk)=cons+cons2e* (jj-n0) *h/aux”’-cons2e* (jj-n0) *h/auxm”*2;
alp (kk)=cons-cons2e* (jj-n0) *h/aux*2+cons2e* (jj-n0) *h/auxm* 2 ;
end
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upper diagonal
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bk)=0;
end

oo e

for k=(n-2):(n-2): (n-2)"2
bet (k)=0;
end
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for k=1:(n-2)
alk)=0;
end

o o\

upper diagonal

for k=(n-2)*(n-2)+1: (n-2)"2
alp(k)=0;

oo oo
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2BCs : F = 0 at the grid borders
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HomeWork results:

Two beams of magnetic field having the same strength but opposite sign.




