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* Therefore N lattice points, N unit
cells, and “b” basis functions will
result in beN eigenvalues

beN eigenvalues

« It is relatively straight forward to go from
1-dimension to further dimensions. In the equation:
[h(k)]= & [H,,Je“™ "2 from the nt unit cell we sum
over all'heighboring m cells

* Remember that ma
and mb indicated
position in1D case.
What happens in
general?

« To generalize, pick an
origin and define the
position of n and m by
d,andd,
origin
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« Assume one basis orbital per unit cell. So |n(k)| and [H,.,,] become 1 1.

Want to evaluate: h(IZ)z 2 H iK-(dm-dn)

a nme

m
Evaluating Hnn results in EO (self-energy)
and evaluating Hnm results in a value that we
call t. So we have 5 terms in our summation:

Q)= E, + & 16

m=1

» Exponents of “e” for the four terms become:

. (dl- d * Thus, after adding all of them we get:

h(k)=E, + 2t (cosk,a+cosk b)
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* In any lattice we can look beyond
nearest neighbor interactions to next-
nearest neighbor interactions. For
example, in the rectangular lattice...

The lattice
structure only
repeatsin
pairs of 2!
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* Next define two basis vectors, a anda, « Let t denote the overlap between 2 adjacent
such that the position of any cell in the (nearest neighbor) carbon atoms. Denote n,
lattice can be writtenas  R=mg, +na, and n , the atoms of the unit cell under

where m and n are integers consideration. Thus, H,, is

« Overlap outside the unit cell will involve 4
nearest atoms. i.e...

« In order to calculatel|n (k )| assume 1
basis function per carbon atom. This
gives two basis functions per unit cell,
[n(k )] will be a 2x2 matrix




| — — =

S
Graphite continue \ |4 e’

* Therefore, a total of 4 more matrices must be
added (with phase factor!), they are:

» The final matrix looks like:

CETNTL A

g+ +]) E,

«lfwelet a=ax+byanda,=aX- by
then |n(k) simplifies to:

where
h, = t(l o ei(kxa+kyb) +e (kea- kyb))

* To find the eigenvalues of |z ) first

recall the identity: given a matrix in the
form

*u
u

g) ag
then its eigenvalues are a+ |b| and

a-|b|
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