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mse= (¥Clear all previous definitionsx)ClearAll["Global %"];

mgy= {#Parameterssja = 1; (*Lattice constants}€p =1; {+On-site energy for atom Ax)E€p=2;
{+On-site energy for atom Ba)t=0.5; (+Hopping integrals) (:Energy dispersionw)
Eplus[k ] := (Ep+€R) /2+Sqrt[((Ean-€p)/2)"*2+4t*2Cos[ka]*2];
Eminus[k ] := (Ep +€R) /2-Sqrt[((Ea-€R)/2)*2+4t"2Cos[kal”*2];

, .
{%Plotw)

Plot[{Eplus[k], Eminus[k]}, {k, -Pi/ (2a), Pi/ (2a)}, PlotRange -» All, AxesLabel » {"k", "E(k}"},
PlotLegends -» {"Uppexr Band", "Lower Band"}, PlotStyle » {Red, Blue}, GridLines - Automatic,
PlotLabel - "Band Structure of a Diatomic Chain"]

Band Structure of a Diatomic Chain Band Structure of a Diatomic Chain
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wee (#Clear all previous definitionsx)ClearAll["Global x"];

{(*Parameterss}a = 1; {+*Lattice constantx}eA = 1; {«Cu-site ensergy for atom Ax}eB=2;
{(*On~gsite energy for atom B«)t=0.5; {+Hopping integrals} (+Energy dispersicns)
Eplus[kx , ky ] := (eA+eB) /2+8Sqrt[((eA-eB) /2)"*2+4t"2 (Cos[kxa] +Cos[ky-a]l)*2];
Eminus[kx , ky ] := (eA+eB) /2-8Sqrt[((eA-eB) /2)"2+4t"2 (Cos[kxa] +Cos[ky a]) ~2];

{+*30 Plot of the bandss)
Plot3D[{Eplus[kx, ky], Eminus[kx, ky]}, {kx, -Pi/a, Pi/a}, {ky, -Pi/a, Pi/a}, PlotRange - All,
AxesLabel - {"kx", "ky", "E(kx, ky)"}, PlotLabel -» "Band Structure of a Bquare Lattice with Two-Atom Basis",

ColorFunction » "TemperatureMap", PlotLegends -» {"Upper Band", "Lower Band"}, Mesh -» Automatic,

BoxRatios » {1, 1, 1}]
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(¥*Clear all previous definitions#)ClearAll ["Global %"];

(*Paramsterssia = 1; (+Lattice constants}eh =1; (+*On-site energy for atom Ax)eB= 2;
{*On-gite energy for atom Ba)t=0.5; {(*Hopping integralsr)avg = (eA+eB) /2;
delta= (eA-eB) /2;

{+*Energy range for the bandss)
lowerBandMin = avg - Sqrt[delta’2+4 £~2];
lowerBandMax = avg - Abs[delta];
upperBandMin = avg + Abs [delta];
upperBandMax = avg + Sqrt[delta”2 +4 t*2];

{*DO8 for Upper Bands)
DOSUpper [E_?NumericQ] := )
Piecewise[{{1/ (Pia) * (E - avg) / (Sqrt[ (& - avg) *2 -delta”2] »Sqrt[4 t*2 + delta’2 - (2 -avg) ~2]),
upperBandMin < ¥ < upperBandMax}}, 0];

{*D0O8 for TLower Bandsw)
DOSLower [E_?NumericQ] :=
Piecewise[{{1/ (Pia) * (avg- &) / (Sgrt[(avg - E) *2 - delta”2] *Sqrt[4 t*2 +delta"2 - (avg-E) *2]),
lowerBandMin < E < lowerBandMax}}, 0];

{*Total DOSx)
(*DOS [B_?NumericQ] :=DOSUpper [B] +DOSLower (B #)

{x*Plot the DOSs)
Plot[{DOSUpper[E], DOSLower[E], {+DOS[E] #)}, {E, lowerBandMin - 0.1, upperBandMax + 0. 1}, PlotRange - All,

AxesLabel » {"E", "DOS(E)"}, PlotLegends - {"Upper Band", "Lower Band", "Total Dos"},
PlotStyle » {Red, Blue, Black}, GridLines - Automatic, Exclusions - None,
PlotLabel -» "Density of States for a Diatomic Chain"]
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(#Clear all previous definitionss)ClearAll["Global #"];

nis {* Paramabters+ia = 1; {(+Lattice constantr}eA = 1; {(*On~site energy for atom Aw)eB=1;
{(*On-site energy for atom Bs)t=0.5; (+Hopping integrals)avg = (eA+eB) /2;
delta = (eA-eB) /2;

{(*Energy range for the bandssz)
lowerBandMin = avg - Sqrt[delta”2+4 t*2];
lowerBandMax = avg - Abs[delta];
upperBandMin = avg + Abs[delta];
upperBandMax = avg + Sqrt[delta”2+4 t*2];

{(*DO8 for Upper Bands)
DOSUpper [E_? NumericQ] :=
Piecewise[{{1/ (Pia) % (E -avg) / (Sqrt[ (¥ - avg) "2 -delta”2] *Sqrt[4 t*2+delta”2 - (& - avg) *2]),
upperBandMin £ E < upperBandMax}}, 0];

{(*DO8 for Lowsr Bands)
DOSLower [E_? NumericQ] :=
Piecewise[{{1/ (Pia) * (avg- &) / (Sqrt[(avg- &) "2 -delta”2] »Sqrt[4 t*2 +delta”2- (avg - &) *2]),
lowerBandMin < ¥ < lowerBandMax}}, 0];

{#Total DOS8x}
{(sDOS[E_?NumericQ] :=DOSUpper [B]+DOSLower [B] ;)

{xPlot the DOSx)
Plot[{DOSUpper [E], DOSLower[E], {*DOS {Elx}}, {E, lowerBandMin - 0.1, upperBandMax + 0.1}, PlotRange - All,
AxesLabel » {"E", "DOS(E)"}, PlotLegends » {"Upper Band", "Lower Band", "Total DOS"},
PlotStyle » {Red, Blue, Black}, GridLines -» Automatic, Exclusions - None,
PlotLabel - "Density of States for a Diatomic Chain"]

N At
s Density of States for a Diatomic Chain > \l G\V‘ \,\» on g\\ V\ﬂ\l\ ‘l a q
. 5

/ .

e

— Upper Band

\ﬁ()( ’ DQ‘)( — Total DOS |
| 2 R Mo gaf






