


We know that radiation has dual nature. In 1924 Louis de Broglie put forth the hypothesis that 

matter, like radiation, has dual nature, i.e., matter which is made up of discrete particles, atoms, 

protons, electrons etc., might exhibit wave like properties under appropriate conditions. These 

waves associated with a moving material particle, are called as matter waves. 

The wavelength ‘’ associated with a particle of mass ‘m’ moving with a velocity ‘v’ is 

called de Broglie wavelength and is given by, 

Where ‘h’ is the Planck’s constant and ‘p’ is the momentum.

 de Broglie’s concept of matter waves



 Expression for de Broglie wavelength in terms of energy of the particle



3.2 De Broglie wavelength associated with electrons 



3.3 Characteristic properties of matter waves







Heisenberg's  Uncertainty Principle
This principle is the fundamental principle of Quantum
Mechanics

In classical physics the position and momentum of an
object can be measured to a high accuracy
simultaneously.

But in case of Quantum Mechanics, sub atomic (micro)
particles like atoms, molecules, protons, electrons,
neutrons, nuclei, group of atoms, group of molecules and
nanoparticles etc., it is impossible to measure position
and momentum of an object to a high accuracy
simultaneously.

Because the moving particle is treated as a de Broglie
wave packet.



Consider a single wave packet as shown in fig. The particle can be 
found any where with in the region ΔX. This means that the 
accuracy of finding the exact position of the particle is limited.

That is the probability of finding the particle is maximum at the 
middle of the wave packet and it falls to zero at its ends

Single wave packet



This means that there is always uncertainties inherently 
involved in the measurements of position and momentum 
of quantum particles.

These uncertainties can be related by a famous principle 
known as Heisenberg's  Uncertainty Principle

The principle states that “ It is impossible to determine both 
position and momentum of a particle accurately at the 
same time. Mathematically it can be expressed as 



The above uncertainties arises as a direct consequence of the 
wave nature of the associated particles and is not related to 
limitations of measuring techniques or instruments.

The principle can also be stated to another pair of  conjugate 
variables such as energy and time as follows. 




