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The ideal life of a qubit in a nutshell

Circuit/GatesSource of quantum states



Classical bits

• Simulated Annealing
• Primality Test



A discrete probability space



Quantum Bit or Qubit

These two states (logical 0 and 1) form an orthonormal basis 
of a qubit.

Linearity of QM allows us to write any 
qubit state as a linear combination of 
logical 0 and 1, as they are a basis for 
the qubit state space. 



Dirac Notation

Paul Dirac: Nobel Prize 1933
Fundamental contributions to:
• quantum mechanics 
• quantum electrodynamics

Westminster Abbey (London)



Postulate I: Quantum states



Hilbert Space: Complex vector space



Inner product in a nutshell



Complex number in a nutshell 



Hilbert Space: Inner product (Dirac notation)



Hilbert Space: Inner product (Dirac notation)



Hilbert Space: Inner product (Dirac notation)

Norm being 1 is associated with the 
fact that measurement outcome 
probabilities should sum to one. The 
QM equivalent of the normalization 
axiom for classical systems (slide 4).



Basis: Computational basis

This ensures logical 0 and 1 are an 
orthonormal basis of a Hilbert space 
of dim 2.

The amplitudes of the quantum state 
on the logical basis (0 and 1) are 
associated with the outcome 
probabilities of the computational 
basis measurement (logical 0 or 1).



Quantum randomness generation

Computational basis 
measurement



Quantum randomness generation

Computational basis 
measurement



Quantum randomness generation

Computational basis 
measurement



Quantum randomness generation

Computational basis 
measurement



Quantum randomness generation



Quantum randomness generation



Postulate I: Quantum states
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Appendix



Complex number in a nutshell 



Hilbert Space: Complex vector space



Hilbert Space: Complex vector space



Inner product (Math notation)



Hilbert Space: Inner product (Dirac notation)



Norm

Norm being 1 is associated with the 
fact that measurement outcome 
probabilities should sum to one. The 
QM equivalent of the normalization 
axiom for classical systems (slide 4).
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