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Ques.: Prove that standard deviation:

Solution:



Uncertainty Principle:

A wave with a fairly well defined wavelength, but an ill-defined position

A wave with a fairly well defined position, but an ill-defined wavelength

The more precise a wave’s position is the less precise is its 
wavelength and vice versa. A theorem of Fourier analysis makes all 
this regorous, but the above examples are the qualitative argument 
and this applied to any wave phenomena having particular to quantum 
mechanical wave function



Uncertainty Principle:
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Remarks of the dynamical variables and operators:
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Expansion of  eigenfunctions and 
Completeness property– Physical 

significance in Quantum Mechanics

Unit_II_Lect_2



Schrodinger equation for stationary states

•Using method of separation of variables, we can separate it 
into two function of space “x” and time “t”

•On solving, we have the equation in the space “x” and time 
“t”



Schrodinger equation for stationary states

• The time “t” is separated with the energy “E”

•The Schrodinger equation becomes time independent 
equation

•The wave function will be:



Schrodinger equation for stationary states
• The separable solution has three important parts: two 
physical and one mathematical

•First: they are stationary states, because the probability 
density is space dependent. 

•The expectation value of any dynamical variables is 
constant in time.

• “The <x> is constant hence the <p>=0 i.e. nothing ever 
happens in a stationary state”.
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Schrodinger equation for stationary states

•Second: They are states of definite total energy and this is 
given by Hamiltonian. 

•The momentum operator (p)=

•The time independent Schrodinger equation



Schrodinger equation for stationary states
• The expectation value of the Hamiltonian is: 

•The square of the Hamiltonian operator: 

• Hence the expectation value of the total energy 

The variance of H is:
• “Every measurement of the total energy is certain to 
return the value of E”.



Schrodinger equation for stationary states
• Third: The general solution is a linear combination of 
separable solutions. The time independent Schrodinger 
equation an infinite collection of solution:

•Each with associated value of the separation constant:

•Therefore, there is a different wave function for each 
allowed energy.

•The general solution that found from separation solution.



Example

•The allowed energy and wave function for nth state are 
given as;

•The first three stationary states of the infinite square well.



As a collection, the wave function for nth states have some 
important and interesting properties: 

•(i) There are alternatively even and odd wave 
functions. 

• (ii) As we go up in the energy, each successive state 
has one more mode. 

•(iii) They are mutually orthogonal i.e. 

•(iv) The are complete, in the sense that any other 
function f(x), can be expressed as a linear 
combination.

These four properties are 
extremely powerful ways to 

solve any quantum 
problems . So it is called 
Completeness property.   
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•For stationary state, the time “t”=0 

• Cn tell us the amount of         that is contained in        .     
The             tells us is the probability that a measurement of 
the energy would yield the value En i.e.         is the 
probability of getting the particular value En. 



•The sum of these probabilities should be 1.

•The expectation value of the energy must be.

•Ques.: If                            , using the completeness property 

prove that          
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