Kronig - Penney Model

r=p-3xn/2

f[Ka_] = p/KaSin[Ka] + Cos[Ka];

pl=Fot [f[Ka] /. r, {Ka, -4, 4r}];

p2=Pot [{1, -1}, {Ka, -4, 4x}, PotStyle- R@Blor[1, O, 0]1;
Show[pl, p2]

ka=0

FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) =1, {Ka, x}]
{Ka- 2. 2505}

ka=nx

FindRoot [ (p/Ka Sin[Ka] + Cos[Ka] /. r) = -1, {Ka, x}]
{Ka - 3. 14159}

ka=nxn

FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) = -1, {Ka, 1.5x}]
{Ka - 4. 71239}

ka=2r

FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) =1, {Ka, 27x}]
{Ka - 6. 28319}

ka=2r

FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) = 1, {Ka, 2.5x}]
{Ka - 7.4154)

ka=3x

FindRoot [ (p/Ka Sin[Ka] + Cos[Ka] /. r) = -1, {Ka, 3x}]
{Ka 9. 42478}
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m ka=3nr
FindRoot [ (p/Ka Sin[Ka] + Cos[Ka] /. r) = -1, {Ka, 3.57x}]
{Ka - 10. 2841}

m ka=4n
FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) = +1, {Ka, 4x}]
{Ka - 12. 5664}
e[Ka_] = (Ka/m)"2;

= Energy bandsand gaps- first approximation (gapsare correct, but linesnot straight)
pl=ListPlot[{{0, e[2. 25050361356163}, {sx, e[x]}}, Joi ned- True];
p2=ListPl ot [{{x, e[4.71238898038469}, {2x, e€[27x]}}, Joined- Truel;
p3=ListPlot[{{2n, e[7.415395611364933}, {3, e€[3x]}}, Joined- True];
pd=ListP ot [{{3x e[10.28411545077647}, {4, e[4x]}}, Joi ned- True];
f1=Show[pl, p2, p3, p4, Pl otRange-» Al ]
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Energy bandsand gaps- correct

tabl el=Tabl e[ { ka,
(FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) == Cos[ka], {Ka, 0.5x}1)[[1, 2]]
}, {ka, 0, =, 7/20}]; tabl el// Tabl eForm

el=Interpol ation[tabl el];
pcl=P ot [e[el[ka]]l, {ka, O, w}, PlotStyle-» R®BColor[1, O, O]1;

tabl e2=Tabl e[ { ka,
(FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) == Cos[ka], {Ka, 1.5x}1)[[1, 2]]
}, {ka, &, 2x, 7/20}]; tabl e2// Tabl eForm

e2=Interpol ation[tabl e2];
pc2=Pl ot [e[e2[ka]], {ka, w 2x}, PlotStyle-»R®BColor[1, O, 0]];

tabl e3=Tabl e[ { ka,
(FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) == Cos[ka], {Ka, 2.5x}1) [[1, 2]]
}, {ka, 2x, 3m, 7/20}]; tabl e3// Tabl eForm

e3=Interpol ation[tabl e3];



pc3=Pl ot [e[e3[ka]], {ka, 2x, 3x}, PlotStyle-»RE®Blor[1, 0, 0]];

tabl e4=Tabl e[ { ka,
(FindRoot [ (p/KaSin[Ka] + Cos[Ka] /. r) == Cos[ka], {Ka, 3.5n}1) [[1, 2]]
}, {ka, 3, 4m x/20}]; table4// Tabl eForm

e4 = nterpol ation[tabl e4];
pcd=Pl ot [e[ed[ka]], {ka, 3x, 4x}, PlotStyle-» R®Blor[1l, 0, 0]];
Show[pcl, pc2, pc3, pc4, PlotRanges All, AxesQigi n» {0, 0}]
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Show[pcl, pc2, pc3, pcd, f1, Pl otRanges All, AxesQigin-» {0, 0}]

10

P5337hw10a.nb

3



4| P5337hwl0a.nb

Show[pl, pcl, P otRange- All, AxesCrigi n» {0, 0}]
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