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1.2 Kha nang cua tinh toan vat liéu

*Ground-state calculations.
«Structural Optimization.
*Transition states and minimum energy paths.
*Ab-initio molecular dynamics.
*Response properties (DFPT).
eSpectroscopic properties.

Quantum Transport.
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1. Review of Quantum Mechanics

Schrodinger equation

e Time dependent

h” “W(r,t) + V(r,t) U(r,t) Izﬁ%

e Linecar partial differential equation = Superposition principle

2 m

e Solution by separation of variables
U(r,t) = @(r)- f(t)

e Leads to the time-independent Schrédinger equation

[ zh; +V(r >]’ (r) = E o(r)

f(t) = exp (—%g—f)

* Eigenvalue equation with solutions: Eigenfunctions ,(r) and eigenvalues F,

* Set of eigenvectors form complete orthogonal set
e Solution of time-dependent Schrodinger equation 1s a superposition of eigenfunc-

tions 1 Bt
W(r,t) = Ci P4 > — ’
(r,1) E i pi(r) exp( ; )

)

Interpretation of the wave function (Copenhagen interpretation)
e |U(x,t)|* d*r is the probability of finding an electron in volume d3 at r rand 7
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Hi(r) = Ev(r)

The ultimate goal of most appproaches in solid state physics and quantum chemistry is the

solution of the time-independent, non-relativistic Schrodinger equation

HW (71,72, ...,Zy, R1, Ro, ..., Byr) = EsVi(&1, %2, ..., Tn, R, Ra. ..., Rar)

H is the Hamiltonian for a system consisting of M nuclei and N electrons.

L S S AR I IEIED ) DT 9Pyt

i=1 A= 1 i=1 j>i "ij A=1B>A

Here, A and B run over the M nuclei while 7 and j denote the N electrons in the system.

(1)

(2)

The first two terms describe the kinetic energy of the electrons and nuclei. The other three
terms represent the attractive electrostatic interaction between the nuclei and the electrons and

repulsive potential due to the electron-electron and nucleus-nucleus interactions.
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Nhac lai mot so bai toan co’ ban

MOt vi hat trong giéng thé siu vé han
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Nguyén twr Hydrogen

Nguyén tlr Hydrogencé o _ 72
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Hé dorn vi nguyén twr

charge, e e—=1.602176462 x 107 C
2 .
length. Bohr ay = 4neg— = 5.291772087 x 107" m
nie-
1 Eg o N~ o) : —18
energy, Hartree Ej, = — =4.359743 802 x 1077 ]
4]'-:8{} dap
. h _ . 1 n—17
time T_E—_2.418 884 331 x 107"’ s
h
2 : )
Hamiltonian in Sl units : H — _k_vi _ 1 Ze The hydrogen-
2m dneg r like system

Hamiltonian in atomic units (a.u): 1 e=h=m=4ng = 1

: 1, Z
H= -5V -=
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Many-electron atom

* Many-electron Schrodinger equation

n
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Density functional theory (DFT) is a computational quantum
mechanical modelling method used in physics, chemistry and
materials science to investigate the electronic structure (principally
the ground state) of many-body systems, in particular atoms,
molecules, and the condensed phases
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