
   Operators in Quantum Mechanics 

The mathematical formulation of quantum mechanics (QM) is built upon the concept of an operator. Physical pure 
states in quantum mechanics are represented as unit-norm vectors (probabilities are normalized to one) in a special 
complex Hilbert space. Time evolution in this vector space is given by the application of the evolution operator. 

 Any observable, i.e., any quantity which can be measured in a physical experiment, should be associated with a self-
adjoint linear operator. The operators must yield real eigenvalues, since they are values which may come up as the 
result of the experiment. Mathematically this means the operators must be Hermitian. The probability of each 
eigenvalue is related to the projection of the physical state on the subspace related to that eigenvalue. In the wave 
mechanics formulation of QM, the wave function varies with space and time, or equivalently momentum and time 
(see position and momentum space for details), so observables are differential operators. 

 

For example position x and momentum p are known as a fundamental operators because we can write them as: 

 

                                            𝑥  

                               and                 𝑝  

                                                     = -iħ𝞩 

Many operators are constructed from x and p such as Hamiltonian operator H   which is: 

                                      H   = 
𝑝2

2𝑚
 + V  (𝑥  )      

Which means we can add two operators to get another operator.   



Mathematical definition 



Linear Operator 



Eigen function and eigenvalue 



Hermitian Operator 

 

 
In quantum mechanics, operators play a 

unique role as the observables, i.e. the 

physical quantities which can be measured, 

are represented by them. As has already 

been mentioned previously, it is assumed 

that the measurement of a physical quantity 

must yield one of the eigenvalues of the 

operator representing that physical quantity. 

Since the observables are always real, the 

operators representing them should be such 

that their eigenvalues are invariably real. 

The Hermitian operators, named after the 

nineteenth century French mathematician 

Charles Hermite.  





Theorem1: 

 

The eigenvalues for Hermitian  

operators are real.  



Theorem 2: 

 
The eigenvectors for Hermitian 

operator are orthogonal. 

  



Thank you 


