Quantum Mechanics

The universe is studied at two levels; the macro level where humans exist and micro level where atoms and molecules exist. The study of objects at the macroscopic level is dealt by a branch of physics known as ‘Classical Mechanics’. ’Quantum Mechanics’ deals with the study of matter at the microscopic level.  

At the end of the 19th century two new discoveries perplexed physicists, one is radio activity and other is black body radiation. Radioactivity is the phenomenon where an atom belonging to a heavy element spontaneously disintegrates by emitting high energy radiation such as alpha, beta or gamma radiation.
Black body radiation is the phenomenon where an object at non zero temperature emits radiation containing wave lengths of wide range, but having uneven distribution of energy in the wave length range.

Several attempts were made by physicists to produce a formula that can explain the distribution of energy in the black body radiation. One such attempt was by Rayleigh whose formula can exactly match the black body radiation at the higher wave lengths .The Rayleigh formula fail at the lower wave lengths. Similarly another formula derived by Wien matches with the black body radiation at lower wave lengths but completely fails at higher wavelengths.
The correct formula was derived by Max Planck in the year 1900. Planck correctly assumed that radiation is absorbed and emitted in discrete packets which he named as Quanta. The quantum of electromagnetic radiation is known as photon.
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The experimental proof for   Planck’s assumption was given by Einstein .He explained the phenomenon of photo electricity based on the assumption that light consists of particles which he named as photons. Einstein’s proof resulted in confusion regarding the true nature of light because in the 19th century Young’s double slit experiment conclusively proved that light is wave in nature.
 In 1924 Louis De Broglie postulated his matter wave hypothesis, in which he said that every particle in the universe exhibits wave behavior also .Dual nature of matter results in a fundamental uncertainty regarding the simultaneous measurement of position and momentum of a particle as propounded by Werner Heisenberg in his ‘uncertainty principle’.
Heisenberg also found that the dynamics of a particle obeys the non-commutative rules of matrices. Hence his theory which described the behavior of quantum particles was named “Matrix Mechanics”. Later Erwin Schrodinger formulated his own theory which he named as “Wave Mechanics”. Schrodinger’s theory of wave mechanics contains derivation of the ‘Schrodinger’s wave equation ‘which is a differential equation required to describe any matter wave. The Schrodinger wave equation is a second order partial differential equation, the dependent variable in this equation is called as the ‘wave function’ .The wave function contains all the information regarding the state of the particle at any place and at any moment of time.
A British physicist Paul Dirac integrated the two theories of “Matrix Mechanics “ and “Wave Mechanics” and formulated his theory which he called as “Quantum Mechanics”.
The postulates of Quantum Mechanics are as follows:
1. The state of a quantum mechanical system is completely specified by a function [image: image1.jpg]Planck’s Formula for Radiant Energy:
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that depends on the coordinates of the particle and on time. 
2. To every observable in classical mechanics there corresponds a linear, Hermitian operator in quantum mechanics.

3. In any measurement of the observable associated with operator [image: image3.png]


, the only values that will ever be observed are the eigenvalues ‘a’, which satisfy the eigenvalue equation 
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4. If a system is in a state described by a normalized wave function [image: image5.png]


, then the average value of the observable corresponding to [image: image6.png]


is given by
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5. The wave function or state function of a system evolves in time according to the time-dependent Schrodinger equation
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