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Course

Goals
Understanding the physical concepts related to the structure of materials and crystallography.
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wave and Fourier transform.
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1-1 Electrons in atoms

1-1-1 The characteristics of electrons

• It is necessary to understand the
properties of electrons before we study the
structure of solids, atom’s packing and
binding of atoms.

• To understand the behavior of electrons,
we need to study the quantum mechanical
characteristics of electrons.

Chap. 1 Atomic Bonds



1. Quantization of electron energy.

2. Electrons comply with the Pauli exclusion principle.

3. Heisenberg’s uncertainty principle.

4. Schrodinger’s wave equation.

Quantum mechanical characteristics of 
electrons



• For the atom that has proton’s number ‘Z’ , nucleus 
charge ‘+Ze’, the electron ‘e’  is under the attraction of 
nucleon by the coulomb force.

Quantization of electron energy.

Where      =  : dielectric permeability of vaccum

Fig. 1-1 Bohr’s atomic model.
Electron moves on the circular orbital and
the length of circumference of the circle is
equal to the integer multiple of wavelength
of electron wave



When we consider the electrons motion as a wave, the wavelength of 
the electron wave is 

According to the de Broglie relationship,



From the relationship between momentum and wavelength of electron

And if you substitute the wavelength of eq. (1-5) to the eq. (1-6),
then we can find the velocity of electron

And if you substitute this to the eq. (1-3), then we can find the radii
of orbitals.

The radii of orbitals are quantized. 
That is, the energy levels of the electron are quantized. 



The radii of orbitals are quantized. 
That is, the energy levels of the electron are quantized. 

If we calculate the quantized radii of quantized orbitals by substituting 
the constants in the above equation.



And then we can derive the quantized energy of the
electrons.

The kinetic energy of the electron is given by

The quantized energy of the electron

And the coulomb potential is given by 

Then, the total energy will be



After we multiply –r/2 on both sides of the eq. (1-3), the eq. (1-11) will 
be

If we substitute the eq. of orbital radii, then  we can get the 
equation for the quantized energies.

Wher the’-” sign means that the electron is restricted by nucleon 
and n is the principle quantum number, n=1, 2, 3,……



. For Hydrogen atom, Z=1, then the energy of the electron will be 

. For n=1, 2, 3 and 4 

. For n=1 K-shell

n=2 L-shell

n=3 M-shell

n=4 N-shell

n=5 O-shell 



 To change the energy level of electron, the electron should absorb or 
emit the energy difference between energy levels

For the emission of radiation energy 

For the absorption of radiation energy 

• The energy difference between the energy levels n=1 and n=2, 
that is, the energy difference between K-shell and L-shell



On the one energy state, only one electron can exist.

→ on the one energy level, only two electrons that have 
opposite spins can exist.

2. Pauli exclusion principle

3. Uncertainty principle

The uncertainty of linear momentum

The uncertainty of position

The uncertainty principle for      and  



 To describe the motion and state of electron, the 
Schrodinger equation, the differential equation, should 
be solved. 

 The quantized energy levels and energy states can be 
explained by standing wave.

4. Schrodinger equation

Where A is the amplitude and 2πx/λ is the wave phase, λ is wavelength.

Fig. 1-2 Standing wave of string



The traveling wave with the velocity ‘v’

From the standing wave

If we differentiate the eq.(1-21) with ‘x’

And we differentiate the eq.(1-22) with ‘x’ one more



 Then the equation will be 

And the de Broglie wavelength 

If we substitute this to eq. (1-24) 

And we use the linear momentum 



And the total energy E=Ek+Ep, then we substitute these 
eqs to eq. (1-26) .

Then, the schrodinger wave equation using ψ instead of  
y will be

Then, if we extend this to 3-dimension and using the 

‘Laplacian operator’



Then, the schrodinger wave equation in 3-dimension will be

And if we rewrite time-independent the schrodinger wave 
equation

And 

Where H is the Hamiltonian operator 



When we solve the schrodinger eq. using the boundary
condition, the solution of the equation is ‘eigenfunction’
or ‘eigenstate’. And each eigenstate has ‘eigenvalue’.


