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Syllabus of this course          مفردات الكور س 

1-  crystal structure 

2- x-ray diffraction 

3-  lattice vibration 

4- thermal properties in solids 

5-  free electron model 
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The Face-Centered Cubic Crystal Structure 

 

The cube edge length a and the atomic radius R are related through  

 

 

The atomic packing factor (APF). The APF is the sum of the sphere volumes of 

all atoms within a unit cell divided by the unit cell volume that is 

 

 
 

The Body-Centered Cubic Crystal Structure 

 

 

The unit cell length a and atomic radius R are related through 

 

 

 

 

 

 

 



University of Anbar                                      2020-2021                           Dr. Qayes A. Abbas 

College of Science                                     Solid state physics                                          
Department of Physics 1صلبة                                                                               Lecture 5                                       

                                        

3 
 

Example 1 

 

Example 2 
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Theoretical density 𝜌 of the crystal structure of a metallic solid. 

𝜌 =
𝑛𝐴

𝑉𝑐𝑁𝐴
        for atoms  

or  

𝜌 =
𝑛 𝑀𝐴

𝑉𝑐𝑁𝐴
      for molecular  

Where 

      n= number of atoms associated with each unit cell. 

      A= atomic weight or MA molecular weight 

     𝑉𝑐= volume of the unite cell 

    𝑁𝐴= Avogadro’s number (6.022x1023 atoms/mol) 

 

Example 3 

The crystal structure for NaCl is a cubic lattice the successive lattice sites being 

occupied by Na and Cl ions respectively. If the molecular weight of NaCl is 

58.5, Calculate the spacing between the nearst neighbouring ions. Take the 

denstiy of the NaCl as 2180 kilogram/m3 . 

 

Solution 

Number of ions in unit cell is  

8x(1/8)x8=8 ions or 4 molecules 

From equationf 

𝜌 =
𝑛 𝑀𝐴

𝑉𝑐𝑁𝐴
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The volume Vc= a3 

𝜌 =
𝑛 𝑀𝐴

𝑎3𝑁𝐴
          Therefore:       𝜌 𝑎3𝑁𝐴 = 𝑛 𝑀𝐴  

𝑎3 =
𝑛 𝑀𝐴

𝜌𝑁𝐴
             ,,         𝑎 = [

𝑛 𝑀𝐴

𝜌𝑁𝐴
]1/3 

𝑎 = [
4 × 58.5

2180 × 6.02 × 1026
]1/3 = 0.563 × 10−9𝑚𝑒𝑡𝑟𝑒 = 0.563 𝑛𝑚 

The distance between the adjacent ions is ro=a/2 

    ro=0.563 × 10−9/2 =  0.282𝑛𝑚 

 

Example 4:  

Find the maximum radius of interstitial sphere that can just fit into the void at 

(½, ½, ½ ) between the body centred atoms of bcc structure. As shown in figure 

(5.1).  

 

Figure 5.1 

 

Solution:  

Let r be the radius of the atom and R be the radius of the sphere that can just fit 

into the void. 

r+R=a/2 

R=(a/2)-r 
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For bcc structure  

𝑎 =
4𝑟

√3
 

𝑅 =
4𝑟

√3(2)
− 𝑟 

𝑅 =
2𝑟

√3
− 𝑟 

𝑅 =
𝑟(2 − √3)

√3
= 0.155𝑟 
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Quantization Of Elastic Waves 

The energy of a lattice vibration is quantized مكممة. The quantum of 

energy is called a phonon فونون in analogy with the photon of the 

electromagnetic wave. The energy of an elastic المرن mode of angular 

frequency 𝜔 is   
 

 
 when the mode is excited  متهيجا to quantum number n that is when 

the mode is occupied  محتل by n phonons. The term 
1

2
ℏ𝜔 is the zero-

point energy of the mode. It occurs يحدث for both phonons and 

photons as a consequence  نتيجة of their equivalence  مكافئ to a quantum 

harmonic oscillator متذبذب هارموني of frequency 𝜔, for which the 

energy eigenvalues القيم الذاتية are also (n+ 
1

2
) ℏ𝜔 .  

We can quantize the mean square phonon amplitude. 

 يمكننا تحديد متوسط سعة الفونون المربعة  

 

 

 

 

The kinetic energy density is 
1

2
𝜌(𝜕𝑢/𝜕𝑡)2 where  𝜌 is the mass density 

 
The time average kinetic energy is  

 

 

 
A phonon of wavevector K will interact with particles such as photons, 

neutrons, and electrons as if it had a momentum ℏ𝑲.   
The elastic scattering استطارة مرنة of an X-ray photon by a crystal is 

governed يحكم by wavevector selection rule  
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If the scattering استطارة of the photon is inelastic غير مرن with the creation خلق of 

a phonon of wavevector K, then the wavevector selection rule is  
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