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Time-dependent Schrödinger equation 

At the same time that Schrödinger proposed his time-independent equation to 

describe the stationary states, he also proposed a time-dependent equation to describe 

how a system changes from one state to another. By replacing the energy E in 

Schrödinger’s equation with a time-derivative operator, he generalized his wave 

equation to determine the time variation of the wave function as well as its spatial 

variation. The time-dependent Schrödinger equation reads 

special composition for article "Quantum Mechanics": Schrodinger equation 

The quantity i is the square root of −1. The function Ψ varies with time t as well as 

with position x, y, z. For a system with constant energy, E, Ψ has the form 

special composition for article "Quantum Mechanics" 

where exp stands for the exponential function, and the time-dependent Schrödinger 

equation reduces to the time-independent form. 

 

The probability of a transition between one atomic stationary state and some other 

state can be calculated with the aid of the time-dependent Schrödinger equation. For 

example, an atom may change spontaneously from one state to another state with less 

energy, emitting the difference in energy as a photon with a frequency given by the 

Bohr relation.  

 

 

 



If electromagnetic radiation is applied to a set of atoms and if the frequency of the 

radiation matches the energy difference between two stationary states, transitions can 

be stimulated. In a stimulated transition, the energy of the atom may increase—i.e., 

the atom may absorb a photon from the radiation—or the energy of the atom may 

decrease, with the emission of a photon, which adds to the energy of the radiation. 

Such stimulated emission processes form the basic mechanism for the operation of 

lasers. The probability of a transition from one state to another depends on the values 

of the l, m, ms quantum numbers of the initial and final states. For most values, the 

transition probability is effectively zero. However, for certain changes in the quantum 

numbers, summarized as selection rules, there is a finite probability. For example, 

according to one important selection rule, the l value changes by unity because 

photons have a spin of 1. The selection rules for radiation relate to the angular 

momentum properties of the stationary states. The absorbed or emitted photon has its 

own angular momentum, and the selection rules reflect the conservation of angular 

momentum between the atoms and the radiation. 

Axiomatic approach 

Although the two Schrödinger equations form an important part of quantum 

mechanics, it is possible to present the subject in a more general way. Dirac gave an 

elegant exposition of an axiomatic approach based on observables and states in a 

classic textbook entitled The Principles of Quantum Mechanics. (The book, 

published in 1930, is still in print.) 

 

 



 An observable is anything that can be measured—energy, position, a component of 

angular momentum, and so forth. Every observable has a set of states, each state 

being represented by an algebraic function. With each state is associated a number 

that gives the result of a measurement of the observable. Consider an observable with 

N states, denoted by ψ1, ψ2, . . ., ψN, and corresponding measurement values a1, a2, 

. . ., aN. A physical system—e.g., an atom in a particular state—is represented by a 

wave function Ψ, which can be expressed as a linear combination, or mixture, of the 

states of the observable. Thus, the Ψ may be written as 

special composition for article "Quantum Mechanics" 

For a given Ψ, the quantities c1, c2, etc., are a set of numbers that can be calculated. 

In general, the numbers are complex, but, in the present discussion, they are assumed 

to be real numbers. 



 

 



 

 

 



 

 



 

 



 

 

 



 

 

 



 

 

 


