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Other extreme: tight-binding

n A Nalls?, 247 2p%, 35') F

Figure 10.1

Caleulated clectron wave functions for the levels of atomic sodium, plotted about two nuclei
scparated by the nearest-neighbor distance in metallic sodium, 3.7 A, The solid curves are ri(r)
for the 13, 25, and 3s levels. The dashed curve 1s r times the radial wave function for the 2p levels
Note how the 3s curves overlap extensively, the 25 and 2p curves overlap only a hittle, and the s
curves have essentially no overlap, The curves are taken from caleulations by D. R. Hartree and

W. Hartree, Proc. Roy, Soc. A193, 299 (1948). The scale on the r-axis is m.n.}'&-lwnFiE. 101 from AShCI’Oft and Mermin
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Figure 10.4

(a) Schematic representation of nondegenerate electronic levels in
an atomic potential. (b) The energy levels for N such atoms in a
penodic array, plotted as a function of mean inverse imteratomic
spacing. When the atoms are far apart (small overlap integrals)
the levels are nearly degenerate, but when the atoms are closer
together (larger overlap integrals), the levels broaden into bands.

Fig. 10.4 from Ashcroft and Mermin
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The importance of basis states: an example using the hydrogen
basis

Lindsay Forestell and Frank Marsiglio Can. J. Phys. 93: 1009-1014 (2015) dx.doi.org10.1139/cjp-2014-0726
1OP PURLISHING EUROPEAN JOURNAL OF PHYSICS
Eur. J. Phys. 34 (2013) 111-128 doi: 10, 1088/0143-0807/34/1/111

The spectral decomposition of the
helium atom two-electron configuration
in terms of hydrogenic orbitals

Joel Hutchinson', Marc Baker' and Frank Marsiglio'**
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The spectral decomposition of the
helium atom two-electron configuration
in terms of hydrogenic orbitals

Joel Hutchinson', Marc Baker' and Frank Marsiglio' >
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Tight-binding

i
.
o : \u\lw h’ﬁﬂj:l:“l(lwlh ﬂ|| mw I
5. |
-10-
-15.
-20..
1.0 8
._ | 1.0
05 o “os
e 00 0.0 x/a

10.0

7.6

5.2

0.4

-2.0

28 [

Page 25/66



E/EISW

12} « Diagonalization -
*« Cosine fit
-1.3 1 ! ! :
0 0.2 0.4 0.6 0.8 1
Kya/n

(b) wo = —3, R? = 0.9854

Pirsa: 16110055 Page 26/66



Tight-binding
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Stick to 1D . _
Change the barrier height
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Stick to 1D . _
Change the barrier height
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Stick to 1D Change the barrier width
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1D Pavelich thesis (unpublished)
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1D Pavelich thesis (unpublished)
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45 2t (oo kteooky)

2D nearest-neighbour(nn) only
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2D Density of States, with NN hopping (t,=0)
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2D Density of States, with, NNN hopping t, o — f-g/t
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Three Dimensions (NN)
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Three Dimensions
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Dispersions?
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What do the densities of states look like?

J. Phys, Chem. Solids Pergamon Press 1969. Vol. 30, pp. 609-626. Printed in Great Britain.

THE DENSITY OF STATES OF SOME
SIMPLE EXCITATIONS IN SOLIDS

RAINER J. JELITTO
Institut fiir Theoretische Physik der Universitiit Kiel, Germany

(Received 4 March 1966)
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The nearest-neighbour (NN) cases:
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The nearest-neighbour (NN) cases:
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First Brillouin Zone for FCC
Z
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FIRST BRILLOUIN ZONES

| The Wigner-Seitz cell of the reciprocal lattice is called the first Brillouin zone

|_ (FBZ).
Wigner-Seitz cell: primitive cell with lattice point at its center
&
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tt=0.0 tp=10 gap=0.001 amu=-0.15 -66 O 40
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