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Bloch’s Theorem

U(r+R) = U(r)
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Bloch wave function 
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A Bloch wave function 
(bottom) can be broken up 
into the product of a periodic 
function (top) and a plane-
wave (center). The left side 
and right side represent the 
same Bloch state broken up in 
two different ways, involving 
the wave vector k1 (left) or k2

(right). The difference (k1−k2) 
is a reciprocal lattice vector. 
In all plots, blue is real part 
and red is imaginary part.
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How strong is the interaction?
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Nearly Free Electrons
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Nearly Free Electrons

Zeroth Order:

Extended zone scheme: Reduced zone scheme:
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Nearly Free Electrons

First Order:

Taking p s i from previous solution and  evaluation at Ԧ𝑞 = 𝑘 gives
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Degenerate Perturbation Theory

One way to obtain a resolution of this problem is to recast Schrödinger's

equation in variational form, as discussed in Appendix B. Solving the

Schrödinger's equation is equivalent to finding extrema of the functional
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Bloch's Theorem in Three Dimensions
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Degenerate Perturbation Theory

In the present case, the plan is to restrict all attention to wave 

functions that are linear combinations of the two vectors \ip\) = \k) 

and \ψ2) = \k + K),  but otherwise solve the Hamiltonian exactly.
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Degenerate Perturbation Theory
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Degenerate Perturbation Theory (1D)
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Brillouin

Zones
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Brillouin Zones



Dr Rashid, 2021Jashore University of Science and Technology

Brillouin zone 

boundary intersection 

for square lattice 

in two dimensions
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Nearly Free Electron 

Fermi Surfaces
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Nearly free electron Fermi 

surfaces for bcc crystals
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Nearly free electron 

Fermi surfaces for 

hexagonal crystals
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Tightly Bound Electrons

• Linear Combinations of Atomic Orbitals (LCAO)

• Tight Binding Model

Solids are made from atoms, and viewed as a collection of atoms.

Imagine a collection of isolated atoms and slowly bring them

together to form a crystal. Surely in that case, the most appropriate

approximation must begin with atomic wave functions.
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Linear Combinations of Atomic Orbitals (LCAO)
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Linear Combinations of Atomic Orbitals (LCAO)
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Linear Combinations of Atomic Orbitals (LCAO)

The wave functions Φ are neither normalized, nor eigenfunctions of the

Hamiltonian. Just because solutions of Schrödinger's equation must have the form

of Bloch wave function does not mean that all functions of this form solve

Schrödinger's equation. They can however be used as trial wave functions and

summed together so as to get the best solution of Schrödinger's equation possible.
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Linear Combinations of Atomic Orbitals (LCAO)
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Linear Combinations of Atomic Orbitals (LCAO)
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Linear Combinations of Atomic Orbitals (LCAO)

There are only three overlap integrals that appear in the computation, namely
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Linear Combinations of Atomic Orbitals (LCAO)

Since there is only one orbital, the indices n and n' range over only one

value one can call s, and the single constant Css simply drops out. Thus one

can write in the case of a single s orbital that
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Linear Combinations of Atomic Orbitals (LCAO)
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Linear Combinations of Atomic Orbitals (LCAO)
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Linear Combinations of Atomic Orbitals (LCAO)

Energy of tightly 

bound electrons
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Tight Binding for Lattice with Basis
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Wannier Functions

Calculations employing atomic orbitals can be put on a much more general footing by

constructing Wannier functions. These are a set of orthonormal wave functions that one can

always construct from Bloch functions and which are plausibly localized on atomic sites.

Suppose that one has found all the eigenfunctions of the Hamiltonian and has arranged

them as allowed by Bloch's theorem. Then the Wannier function for electrons from band n

centered at lattice site R is defined to be



Dr Rashid, 2021Jashore University of Science and Technology



Dr Rashid, 2021Jashore University of Science and Technology

Tight Binding Model
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Tight Binding Model

Tight-binding Hamiltonian
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Tight Binding Hamiltonian

The first term on the right hand side is the hopping term that

allows electrons to move from one site to another. The second

term is an on-site term that describes the energy of placing an

electron at a lattice site.
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Tight Binding Model
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Tight Binding Model
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Tight Binding Model


