Schrödinger's Equation

The current fundamental physical model of the atom was created by the Austrian physicist Erwin Schrödinger for his doctoral thesis. He was the first to recognize the connection between Bohr's stationary states of the hydrogen atom and deBroglie's wave properties of an electron. A standing wave like and atom can only absorb or release energy in quantatized amounts. This bold comparison was the beginning of quantum mechanics. The results of Schrödinger's doctoral thesis was a single general wave equation first published in 1926 (Ann. Physik, 79,361). The invention of quantum mechanics, which Schrödinger shares with Heisenberg, has been one the most important advancements in science - to be compared with the contributions of Galileo, Newton and Einstein.

Like the equations comprising Newton's laws of motion, Schrödinger's equation can not be derived. His equation is a generalization of the world as we observe it and is validated by how well it describes experimental observations. What follows is not a derivation but merely a procedure by which Schrödinger's equation can be constructed. Schrödinger developed his equation using analogies to the behavior of light. He reasoned that the classical equations used to describe light waves could be used to describe matter waves if the equations were modified to include newly discovered quantum properties of photons.
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Postulates of Quantum Mechanics

Wavefunction Postulates (Schrödinger)

A.
The dynamical state of a system of n particles is completely defined by a wavefunction.
(All that is possible to be known about a system is contained in the wavefunction)

(r1,r2,...,rn;t) = (r;t).

B.
The wavefunction evolves in time and space according to the time dependent Schrödinger equation.

H (r;t) = i  EQ \o(h,∕ )  eq \f(∂Y(r;t),∂t)  

for time independent problems this reduces to  (r;t) = (r) e EQ \s(–i2πnt, )   where  = E/h

H (r) = E (r) 

Operator Postulates (Born)
A.
The probability of finding a particle in the volume element d is
(the square of the wavefunction is a probability distribution)

*(r;t) (r;t) d 

B.
For every observable property of the system, their corresponds a linear (energy is additive) Hermitian (eigen values are real) operator

O

C.
When a system is in a definite eigen state the results of a single measurement of a physical observable associated with an operator O is given by its eigen value on
O n = on n
D.
The average value of a large number of observations of a given state (r;t) is given by the expectation value (average value) of the operator.

<O> =  EQ \i(-∞,+∞, Y*(r;t) O Y(r;t) dt ) = < (r;t) | O | (r;t) >

III. Spin Postulates (Dirac and Pauli)
   A. Electrons posses an internal degree of freedom with properties analogous to angular momentum, which assumes only two values +  EQ \f(1,2)   EQ \o(h,∕ ) or –  EQ \f(1,2) . EQ \o(h,∕ )
   B. Systems made up of many electrons are represented by a wavefunction that is antisymmetric to the interchange of electron coordinates.

(r1,r2,...,rn;t) = – (r2,r1,...,rn;t)

