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Vector Spaces: Motivation

● Vectors (x & y) in ℝ3 with scalars (a & b) in ℝ
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Vector Spaces
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Vector Spaces: Examples

●      

● Matrices

● Functions

●  Square-Integrable functions

● “Zero vector space”    
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Vector Spaces: Additional concepts

● Subspaces

● Linear Independence & dependence

● Bases & dimension

 

4/13



Inner product spaces

Complex 
conjugation

Different convention in physics!
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Inner product spaces: Examples

●

●

●
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conjugate transpose or Hermitian conjugate



Inner product spaces: Additional concepts

● Orthogonality & Norm

● Orthonormal Basis 

●  Orthogonal and Unitary operators
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T linear operator and



Hilbert Spaces

●   

● Completeness

● Examples
○        
○      , and

3 , 3.1, 3.14, 3.141, 3.1415, 3.14159, ...
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Dirac Notation: Motivation

● Analogy

ket

Different representations
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Example
Ket |nlm>
  |1 0 0>

 Position representation/ Wave 
function

 
 



Dirac Notation

●  A ket         represent a physical state and is an element of an abstract Hilbert space.

● For every ket          corresponds a bra         such that the inner product is written

● Properties 

● Linear Operator
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Complex conjugation



Dirac notation: Representations

● Given an orthonormal (discrete) basis

● Closure relation

● Representation of ket, bras and operators                       

Important 
representations

Homework: Continuous Case
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Examples

● Projectors onto         (                )

● Closure relation

● Change of Basis               & 
○ Change of basis matrix

● Density Operator12/13

Hermitian Conjugate



References

● Quantum mechanics

● Linear algebra

Homework

Chapter II: (A, B, C), (D, E)

True & False

Density Operator: 
Complement EIII
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Thank you for your attention!


