
 

UNIT :2 
 
 
QUANTUM PHYSICS 
Quantum mechanics is the science of the very small. It explains the behaviour of matter and its 
interactions with energy on the scale of atoms and subatomic particles 

By contrast, classical physics only explains matter and energy on a scale familiar to human 
experience, including the behaviour of astronomical bodies such as the Moon. 

BLACKBODY RADIATION A perfectly black body which absorbs heat radiation of all 
wavelength 

and when it is heated it 
emits radiation of all 

wavelength. 
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Rayleigh-Jeans and Wein describe the black body radiation using classical mechanics but there are 
some limitations.....Rayleigh-Jean's law is applicable for longer wavelength and wein's law is 
applicable for shorter wavelength. 
This gives rise to Plank's hypothesis which is based on Quantum Mechanics 
When black body is heated, it emits thermal radiations of different wavelengths or frequency. To 
explain these radiations, max planck put forward a theory known as planck’s quantum theory.   

(i)  The radiant energy which is emitted or absorbed by the black body is not continuous but 
discontinuous in the form of small discrete packets of energy, each such packet of energy is called a 
'quantum'. In case of light, the quantum of energy is called a 'photon'. 

(ii) The energy of each quantum is directly proportional to the frequency (v) of the radiation, i.e. E 
∞ V or E hv = hc/λ 



 

Where, λ Planck's constant = 6.62×10–27 erg. sec. or 6.62×10-24 joulessec 

(iii)    The total amount of energy emitted or absorbed by a body will be some whole number 
quanta. Hence E = nhv where n is an integer. 

                    First, consider a cubic box with each side of length L that is filled with electromagnetic 
(EM) 
radiation (a so-called ‘photon gas’) that forms standing waves whose allowable wavelengths 
are restricted by the size of the box. We will assume that the waves do not interact and 
therefore can be separated into the three orthogonal Cartesian directions such that the 
allowable wavelengths are: 
 
 
where n i is an integer greater than zero, and i represents one of the three Cartesian 
directions—x, y, or z. 
From quantum mechanics, the energy of a given mode (i.e., an allowable set n x ,n y ,n z ) can be 
expressed as 
 
 
 
 
where h is Planck’s constant (6.626×10 ? 34 J s). The number N represents the number of such 
modes, or photons, of the given energy. Importantly, unlike electrons, an unlimited number of 
modes, or photons, of a given energy can exist; thus, photons are governed by Bose-Einstein 
statistics. 
Statistical mechanics of the photon gas 
To derive the energy density in this photon gas, we first need to know the relative probability 
with which a given energy state E(N) is occupied at a given temperature. Here, we turn to statistical 
mechanics, which reveals this probability as 

 
 
 
 

 Z(β) is a factor, called the partition 
function, that normalizes the probability as 
 
 
 
 
where is the energy of a single photon, and the latter equality derives from the relationship between 
the wavelength  and the n i indices of the EM waves in the box. This wavelength is related to the 
speed of light c and frequency through the is an important function called the density of states. This 
function gives the number 
of allowed modes per unit energy within an interval between and 
. This function can be derived from the allowable wavelengths and‘n’indices as 
 
 
 
 
Thus, the energy per unit volume can be expressed as 
 
 



 

 
 
where the integrand is the spectral energy density u. This function can be expressed in terms of 
energy, wavelength, or frequency through the relation 
such that different forms of uare commonly used. However, they are each integrands in expressions 
that are used to 
calculate the overall energy density as 
 
The corresponding expressions for spectral energy density follow: 
 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
This is plank's radiation law in terms of wavelength and frequency. 
 
DISCOVERY OF PLANCK'S CONSTANT: 
 
The Planck constant (denoted h, also called Planck's constant) is a physical constant that is the 
quantum of action, central in quantum mechanics. 

 
 

The dimension of Planck's comstant are that of angular momentum.Dimensional Formula of 

Planck’s constant = M1L2T-1. 
SI unit of Planck’s constant is joule-seconds (j-s).This h provides practical unit of angular 
momentum.This inspired Neil Bohr to give quantum theory to explain observed spectrum of 
hydrogen.He assumed that electron in an atom can revolve onlu in those orbits in which angular 
momentum of electron is integral multiple of Planck's constant. 
 
 
 

Accordingly is the smallest quantum of angular momentum that an electron can 
have. 
 
MATTER WAVES 
In quantum mechanics, the concept of matter waves (or de Broglie waves) reflects the wave-particle 
duality of matter. The theory was proposed by Louis de Broglie in 1924 in his PhD thesis. The de 
Broglie relations show that the wavelength is inversely proportional to the momentum of a particle, 
and is also called de Broglie wavelength. 



 

Einstein derived in his theory of special relativity that the energy and momentum of a photon has 
the following relationship: E=pc. 

He also demonstrated, in his study of photoelectric effects, that energy of a photon is directly 
proportional to its frequency, giving us this equation:E=hν 

Combining the two equations, we can derive a relationship between the momentum and wavelength 
of light:     λ = h/p 
 
. 
Difference Between Phase Velocity and Group Velocity 
 
According to quantum physics, particles sometimes behave like waves. In some cases, waves 
behave like particles. This property of particles and waves is known as the wave- particle duality. 
This dual nature of particles and waves allow us to represent a particle in terms of waves. Based on 
this concept, waves are used to represent particles as it is an essential step when we deal with 
particles in quantum physics. However, we must add many waves, having different angular 
frequencies and amplitudes in particular ways, in order to get a wave packet which represents a 
particle. Within this concept, there are two types of velocities namely phase velocity and group 
velocity. These two quantities have very different and particular definitions and properties. The 
main difference between Phase Velocity and Group Velocity is that phase velocity is greater than 
the group velocity in a normal medium. This article tries to differentiate those differences in 
detail. 
When a single wave of a definite wavelength, travels in a medium, its velocity of propagation in the 
medium is called the 'wave velocity'.If,however,a number of waves of different wavelengthd are 
moving with different velocities in a medium, then the observed velocity i sthe velocity of the wave 
packet(or wave group) formed by the waves. This is called 'group velocity'. 

 
 
UNCERTAINITY PRINCIPLE 
It is impossible to determine simultaneously both the position and momentum(or velocity) of a 
particlewith accuracy.The product of uncertainities in determining the position and momentum of a 
particle at the same instant is a best of order of h/2π. 
 
 
 
 
Application of Heisenberg’s Uncertainty Principle: 



 

 

 The non-existence of free electron in the nucleus: 
The diameter of nucleus of any atom is of the order of 10-14m. If any electron is confined within 
the nucleus then the uncertainty in its po 
sition (Δx) must not be greaterthan10-14m. 
According to Heisenberg’s uncertainty principle, 
Δx Δp>h / 2π 
The uncertainty in momentum is 
Δp>h / 2πΔx , 
where Δx = 10-14m  Δp>(6.63X10-34) / (2X3.14X10-14) 
i.e. Δp>1.055X10-20kg-m /s 
This is the uncertainty in the momentum of electron and then the momentum of the electron must be 
in the same order of magnitude. 
   
 
 
 
 
 
 
 
 
 
 
 

The Schrodinger Wave Equation 
 
 
So far, we have made a lot of progress concerning the properties of, and interpretation of the 
wavefunction, but as yet we have had very little to say about how the wave function may be derived 
in a general situation, that is to say, we do not have on hand a wave equation for the wave function. 
There is no true derivation of this equation, but its form can be motivated by physical and 
mathematical arguments at a wide variety of levels of sophistication. Here, we will over a simple 
derivation based on what we have learned so far about the wave function. 
 
The Schr¬odinger equation has two forms, one in which time explicitly appears, and so describes 
how the wave function of a particle will evolve in time. In general, the wave function behaves like a 
wave, and so the equation is often referred to as the time dependent Schr¬odinger wave equation. 
The other is the equation in which the time dependence has been removed and hence is known as 
the time independent Schr¬odinger equation and is found to describe, amongst other things, what 
the allowed energies are of the particle.  
 
WAVE FUNCTION 
In quantum mechanics, variable quantity that mathematically describes the wave characteristics of a 
particle. The value of the wave function of a particle at a given point of space and time is related to 
the likelihood of the particle’s being there at the time. By analogy with waves such as those of 
sound, a wave function, designated by the Greek letter psi, Ψ, may be thought of as an expression 
for the amplitude of the particle wave (or de Broglie wave), although for such waves amplitude has 
no physical significance. The square of the wave function, Ψ2, however, does have physical 
significance: the probability of finding the particle described by a specific wave function Ψ at a 
given point and time is proportional to the value of Ψ2. 
 
PROPERTIES OF WAVE-FUNCTION: 



 

 

1. Ψ(r, t) is complex. It can be written in the form 
Ψ(r, t) = A(r, t) + i B(r, t) where A and B are real functions. 
2. Complex conjugate of Ψis defined as Ψ* = A – Ib 
3. |Ψ|2= Ψ*= A2+B2.Therefore |Ψ|2= Ψ*Ψ is always positive and real. 
4. While Ψitself has no physical interpretation, |Ψ|2 evaluated at a particular place at a particular 
time equals to the probability of finding the body there at that time. 

 
 



 

 
 
 



 

 
 
 
 



 

 

 
 
 



 

 

 
Fermi–Dirac statistics 

In quantum statistics, a branch of physics, Fermi–Dirac statistics describe a distribution of parti-
cles over energy states in systems consisting of many identical particles that obey the Pauli exclu-
sion principle. It is named after Enrico Fermi and Paul Dirac, each of whom discovered the method 
independently (although Fermi defined the statistics earlier than Dirac).[1][2] 

Fermi–Dirac (F–D) statistics apply to identical particles with half-integer spin in a system with 
thermodynamic equilibrium. Additionally, the particles in this system are assumed to have negligi-
ble mutual interaction. That allows the many-particle system to be described in terms of single-
particle energy states. The result is the F–D distribution of particles over these states which includes 
the condition that no two particles can occupy the same state; this has a considerable effect on the 
properties of the system. Since F–D statistics apply to particles with half-integer spin, these parti-
cles have come to be called fermions. It is most commonly applied to electrons, which are fermions 
with spin 1/2. Fermi–Dirac statistics are a part of the more general field of statistical mechanics and 
use the principles of quantum mechanics. 

Bose–Einstein statistics 

In quantum statistics, Bose–Einstein statistics (or more colloquially B–E statistics) is one of two 
possible ways in which a collection of non-interacting indistinguishable particles may occupy a set 
of available discrete energy states, at thermodynamic equilibrium. The aggregation of particles in 
the same state, which is a characteristic of particles obeying Bose–Einstein statistics, accounts for 
the cohesive streaming of laser light and the frictionless creeping of superfluid helium. The theory 
of this behaviour was developed (1924–25) by Satyendra Nath Bose, who recognized that a collec-
tion of identical and indistinguishable particles can be distributed in this way. The idea was later 
adopted and extended by Albert Einstein in collaboration with Bose. 

The Bose–Einstein statistics apply only to those particles not limited to single occupancy of the 
same state—that is, particles that do not obey the Pauli exclusion principle restrictions. Such parti-
cles have integer values of spin and are named bosons, after the statistics that correctly describe 
their behaviour. There must also be no significant interaction between the particles. 

 


