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What is solid state physics? 
The branch of physics that deals with the study of rigid solid matter are 

called Solid state physics.  

 

Solid state physics, also known as condensed matter physics, is the 

study of the behaviour of atoms when they are placed in close proximity 

to one another. 

 

The study of rigid matter, or solids, through methods such as quantum 

mechanics, crystallography, electromagnetism, and metallurgy. 

 

Solid state physics (SSP) explains the properties of solid materials as 

found on earth. 

 

Explains the properties of a collection of atomic nuclei and electrons 

interacting with electrostatic forces. 

Formulates fundamental laws that govern the behavior of solids 

 

 

 



Basic Solid State Physics 
 Every solid material is made up of densely packed atoms, the interaction between 

which decides the properties of the material.  

 

The mechanical, electrical, optical, thermal and magnetic properties of the item are all 

dependent on the interaction of the atoms making it up.  

 

The alignment of the atoms in a regular, geometric pattern or an irregular pattern 

depends on the materials involved and the conditions under which it was formed. 

 

The example of regular and irregular patterns can be crystalline solids such as metals 

and amorphous solids such as common window glass respectively. 

Crystalline Solids 
 We will deal with crystalline solids, that is solids with an atomic structure based on a 

regular repeated pattern. 

 

 Many important solids are crystalline. 

 

 More progress has been made in understanding the behaviour of crystalline solids 

than that of non-crystalline materials since the calculation are easier in crystalline 

materials. 

 



Why study crystal structures? 

 
 When we look around much of what we see is non-crystalline (organic 

things like wood, paper, sand; concrete walls, etc.  some of the things may 

have some crystalline parts!). 

 But, many of the common ‘inorganic’ materials are ‘usually*’ crystalline: 

◘ Metals: Cu, Zn, Fe, Cu-Zn alloys 

◘ Semiconductors: Si, Ge, GaAs  

◘ Ceramics: Alumina (Al2O3), Zirconia (Zr2O3), SiC, SrTiO3. 

 

 Also, the usual form of crystalline materials (say a Cu wire or a piece of 

alumina) is polycrystalline and special care has to be taken to produce 

single crystals. 

 Polymeric materials are usually not ‘fully’ crystalline. 

 

 The crystal structure directly influences the properties of the material 

(as we have seen in the Introduction chapter many additional factors come 

in). 

 



Application of Solid-State Physics 

 
Concepts explained by solid-state physics is applied  rigorously all around us. 

The most important among them are: 

Electronic devices such as mobiles and computers 

 

Optical devices such as lasers and fibre optics 

 

Magnet based devices such as Magnetic Resonance Imaging (MRI) and 

vibrating devices 

 

Silicon-based logic and memory bits 

 

In other words, the whole concept of modern technology is based upon the 

principles of solid state physics.  

 

Even regular things such as the wiring in a building, the windowpane, the 

magnet in a refrigerator door are all dependant on the principles derived from 

solid-state physics. 

https://byjus.com/physics/what-is-optical-fiber/


What is the point? 
 

 

 Understanding the electrical properties of solids is 

right at the heart of modern society and technology. 

 

 The entire computer and electronics industry relies on 

tuning of a special class of material, the 

semiconductor, which lies right at the metal-insulator 

boundary. Solid state physics provide a background 

to understand what goes on in semiconductors. 
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CHAPTER. I 
CRYSTAL STRUCTURE 

 Elementary Crystallography 

 Solid materials (crystalline, polycrystalline, amorphous) 

 Crystal Lattice 

 Types of Lattices 

 Primitive and unit  cell 

 Unit Cell 

 Directions-Planes-Miller Indices in Cubic Unit Cell 

 Typical Crystal Structures  (3D– 14 Bravais Lattices and the Seven Crystal 
System)  

 Crystal Structure 

 i) Simple cubic (Sc) Structures 

  ii) Body Centred cubic (Bcc) Structures 

  III) Face centred cubic (Fcc) Structures 

  iv)Hexagonal Close packed (hcp) Structures 

              v) Diiamond cubic structure  

  Vi)Zinc blende structure 

  Vii)Sodium chloride structure 
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Objectives 

By the end of this section you should: 

 

 be able to identify a unit cell in a symmetrical 

pattern 

 know that there are 7 possible unit cell shapes 

 be able to define cubic, tetragonal, 

orthorhombic and hexagonal unit cell shapes 



Crytals 
 Solids consist of atoms or molecules executing thermal 

motion about an equilibrium position fixed at a point in 

space.  

 

 Solids can take the form of crystalline, polycrstalline, or 

amorphous materials. 

 

 Solids (at a given temperature, pressure, and volume) 

have stronger bonds between molecules and atoms than 

liquids. 

 Solids require more energy to break the bonds. 
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SOLID MATERIALS 

CRYSTALLINE POLYCRYSTALLINE 
AMORPHOUS 

(Non-crystalline) 

Single Crystal 



Crystalline Solid 
 

 Crystalline Solid  is the solid form of a substance   in   which   

the   atoms  or molecules are  arranged  in  a  definite, 

repeating pattern in three dimension.  

 

 Single crystals, ideally have a high degree of order, or regular 

geometric periodicity, throughout the entire volume of the 

material. 



Crystalline Solid 

Single Crystal 

Single Pyrite 

 Crystal 

Amorphous 

Solid 

 Single crystal has an atomic structure that repeats periodically 

across its whole volume. Even at infinite length scales, each 

atom is related to every other equivalent atom in the structure by 

translational symmetry 

http://weblog.burningbird.net/fires/001936.htm
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Polycrystalline Solid 

Polycrystalline 

Pyrite  form 

(Grain) 

 Polycrystal is a material made up of an aggregate of many small single 

crystals (also called crystallites or grains).  

 Polycrystalline material have a high degree of order over many atomic 

or molecular dimensions. 

 These ordered regions, or single crytal regions, vary in size and 

orientation wrt one another. 

 These regions are called as grains ( domain) and are separated from one 

another by grain boundaries. The atomic order can vary from one 

domain to the next. 

 The grains are usually 100 nm - 100 microns in diameter. Polycrystals 

with grains that are <10 nm in diameter are called nanocrystalline  

 

  

 



Crystal Structure 

Amorphous Solid 
 Amorphous (Non-crystalline) Solid    is   composed   of  randomly 

orientated  atoms ,  ions, or molecules  that  do   not  form defined 
patterns or lattice structures. 

 Amorphous materials have order only within a few atomic or 
molecular dimensions.  

 Amorphous materials do not have any long-range order, but they 
have varying degrees of short-range order. 

 Examples to amorphous materials include  amorphous silicon, 
plastics, and glasses. 

 Amorphous silicon can be used in solar cells and thin film 
transistors. 

 

 

 



Lattice point and space lattice 

The atomic arrangement in a crystal is called crystal structure.   

 

In a perfect crystal there is a regular arrangement of atoms 

this  periodicity in the arrangement generally varies in different 

directions.  

 

It is very convenient to imagine a point in space about which these 

atoms are located.   

 

such points in space are called lattice points and the totality of such 

points forms a crystal lattice or space lattice. 

 

If all the atoms at the lattice points are identical the lattice is  
called a  bravais lattice.  



Thus three dimensional space lattice may be defined as a finite 

array of points in three dimension in which every point has 

identical environment has any other point in the array 

 

  





The Basis and crystal structure 
 For a lattice to represent crystal structure we associate every 

lattice point with one or  more atoms (i.e.,  a unit assembly of atoms or 

molecules identical in composition) called the  basis for the pattern. 

 

When the basis is repeated with correct periodicity in all direction it 

gives the actual crystal structure The crystal structure is real while the 

lattice is imaginary 

lattice + basis= crystal structure 

 

the basis or pattern representing each lattice point.  It is observed from 

the figure that a basis consists of three different atoms. it can also be 

observed  that the basis is identical in composition.  

 

 In crystalline solids like Copper and sodium, the basis is a single atom 

,  in NaCl   and cscl the bases is diatomic one  whereas in crystals like 

CaF2 the basis is triatomic 

 

 



Basis or pattern 



UNIT CELLS AND LATTICE PARAMETERS 

 

In every crystal some fundamental grouping of particles is 

repeated. Sach fundamental grouping of particles is called 

unit cell. 

 

 unit cells for most crystals are parallelepiped or cubes 

having three sets of parallel faces. 

 

 The unit cell is chosen to represent the symmetry of the 

Crystal structure where in all the atom positions in the 

Crystal may be generated by translations of the unit cell 

through integral distances along each of Its edges. 



 

 a unit cell is the basic structural unit building block of 

The crystal structure by virtue of its geometry and atomic 

positions within. 

 

 furthermore more than a single unit cell may be chosen 

for a particular crystal structure however we generally use 

the unit cell having the highest geometrical structure. 

 

 

 Unit cells may also be recorded as building blocks that 

make up the Crystal each one indistinguishable from the 

next. 
 
 



lattice parameters 
Figure shows a unit cell of three-dimensional crystal lattice. A space 

lattice is a regular distribution of points in space in such a manner that 

every point has identical surroundings. 

The lattice is made up of repetition of unit cells and unit cell can be 

completely described by the three vectors a, b, c When the length of the 

vectors and the angles between them (alpha beta gamma) are specified. 

 taking any lattice point as the origin all other points on the lattice can 

obtained by operation of the lattice vectors a , b, c . 

These lattice vectors and the above said interfacial angles constitute the 

lattice parameters of the unit cell.  
 



CRYSTAL SYSTEMS 

There are thirty-two classes of crystal systems based on the 

geometrical considerations (i.e., symmetry and internal structure).  

 

But it is a common practice to divide all the crystal systems into seven 

groups or basic systems.  

 

These seven basic crystal systems are distinguished from one anther by 

the angles between the three axes and the intercepts of the faces along 

them.  

The basic crystal systems are: 

  1. Cubic (isometric) 

  2. Tetragonal 

  3. Orthorhombic 

  4. Monoclinic 

  5. Triclinic 

  6. Trigonal (rhombohedral) 

  7. Hexagonal. 



(i)Cubic Crystal System 

   a = b = c, α = β = γ = 90˚ 

 The crystal axes are perpendicular to 

one another, and the repetitive interval is the 

same along all the three axes. Cubic lattices 

may be simple, body-centred or face-centred.  

 

(ii) Tetragonal Crystal System 

   a = b ≠ c, α = β = γ = 90˚ 

 The crystal axes are perpendicular to 

one another. The repetitive intervals along two 

axes are the same, but the interval along the 

third axis is different. Tetragonal lattices may 

be simple or body-centred. 



(iii) Orthorhombic Crystal System 

   a ≠ b ≠ c, α = β = γ = 90˚ 

 The crystal axes are perpendicular to one 

another, but the repetitive intervals are different 

along all the three axes. Orthorhombic lattices 

may be simple, base-centred, body-centred, or 

face-centred. 

(iv) Monoclinic Crystal System 

   a ≠ b ≠ c, α = β = 90˚ ≠ γ 

 Two of the crystal axes are perpendicular to 

each other, but the third is obliquely inclined. The 

repetitive intervals are different along all the three 

axes. Monoclinic lattices may be simple or base-

centred. 



(v) Triclinic Crystal System 

   a ≠ b ≠ c, α ≠ β ≠ γ ≠ 90˚ 

 None of the crystal axes is perpendicular 

to any of the others, and the repetitive intervals 

are different along all the three axes. 

(vi) Trigonal (Sometimes Called Rhombohedral) 

Crystal System 

   a = b = c, α = β = γ ≠ 90˚ 

 The three axes are equal in length and are 

equally inclined to each other at an angle other 

than 90˚. 

(vii) Hexagonal Crystal System 

   a = b ≠ c, α = β = 90˚, γ = 120˚ 

 Two of the crystal axes are 60˚ apart while the 

third is perpendicular to both of them. The repetitive 

intervals are the same along the axes that are 60˚ apart, 

but the interval along the third axis is different. 



MILLER INDICES 
Orientation of the plane or forces in the crystal make describe in 

terms of their intercepts on the three axis. 

For example, plane A, B, C of figure has intercept of two axial 

unit on X-axis and two axial unit on Y- axis, one axial unit on Z-axis. 

 

 

 

 

 



 In the other words the numerical parameter plane of A, B, C are 

(2,2,1). Hence its orientation is (2,2,1).  

 

 However as suggest by miller it is more useful to describe the 

orientation of a plane by the reciprocal of its numerical parameters 

rather than by its linear parameters. 

 

 These reciprocal when approximately convert to whole 

numbers are called miller indices. 

 The miller indices are the set of the three integrals (h , K ,l) 

used to indicate the different plane in the crystal. 

 

 Hence the miller indices of plane ABC are (½ : ½ : 1) or (1 1 

2). Because the ratio ( : ) sign is generally omitted miller indices 

for a plane are always shown in parenthesis the general form for 

indices of a plane is (h, k, l).  

 



PROCEDURE FOR FINDING MILLER INDICES 

Choose a system of 3 coordinate axes. 

 

Find the intercepts of a plane on the three coordinate axes. Let those be 

x', y', z' along x, y and z axes respectively. 

 

Then express them in terms of the axial units or primitives. Let them 

be x' = Pa, y' = Qb, and z' = Rc. 

 

Next, take the numerical parameters of the plane (i.e.,)p : q : r. The 

numerical parameters must be in whole number.  

 

Find the ratio of their reciprocals [ 1/p : 1/q : 1/r ]. 

 

Convert the reciprocal into whole number by multiplying each with 

their LCM to get their smallest whole number. This gives the miller 

indices ( h , k , l ) of the given plane. 

 



PERPENDICULAR DISTANCE BETWEEN TWO 

PARALLEL  PLANES  
 

 Suppose that the plane belongs to a family of planes whose 

miller indices are <hkl>. Therefore, in a cubic lattice of cube edge ‘a’ 

the intercepts of the plane on the 3 axis are  
 








