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Today’s class: Review of Quantum Mechanics

● Single-particle quantum systems
● Example: Harmonic oscillator
● Assigments: Ladder operators.



● Single-particle Hamiltonian:

● Schrödinger’s equation (Dirac’s notation):  

Single-particle systems
(“First quantization”)

“bra”

Non-relativistic particle under a pontential             and magnetic field 

“ket”



Basis in the Hilbert space

orthonormal basis (complete set) of the 
single-particle Hilbert’s space.

We can write:

Operators!

and

with

Representation in the                   basis:



Probability of the particle in state               being in a volume             around

position      at a time t.

Observables (Hermitian operators)

Hermitian operator.

Obs: if the spectrum is continuous, this becomes a probability density.

Real eigenvalues (Physical observable).

Probability of measuring the value a for the 

observable Â if the particle is in state 

Example: position operator:



Example: 1D Harmonic oscillator

Hamiltonian: with

Position rep.

Let us define:

and



Example: 1D Harmonic oscillator

Let us show that: and

Also: You will show (Assignment) that:

(Show  it commutes with H (Assignment))Defining:

and its eigenstates : where n is an integer (Show).

Also:

It follows that:

(Show)



Single-particle spectrum
E

Ground state:

n=0

n=1

n=2

n=3

Probability of measuring the value E
n
 for the 

energy if the particle is in state 

Single-particle 
state: with

orthonormal basis of the 
(single-particle)  Hilbert’s space 

and



Assignments: Ladder operators
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