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Single photon version for the polarisation Qubit
(the expensive one)

BBO non linear crystal+ single photon detectors = 2000$



An analogy using classical light to introduce
The Qubit

• Simple setup
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An analogy using classical light to introduce
The Qubit

• ‘Low cost’ 

• Almost any laser will do! (1$)
• Photodiodes are cheap! (1$)
• Polarisers are cheap! (1$)
• Mirrors are cheap! (1$)
• Mounts can be 3D printed

• Wave plates are not cheap but…
-Maybe already present for other TPs
-Many lab can donate wave plates ‘dead for science’
-Not so expensive options available in the internet (20$)

• Simple setup



An analogy using classical light to introduce
The Qubit

• A very (very very) strong analogy

‘If you believe in the photon there is 
no classical explanation to the Malus law’



An analogy using classical light to introduce
The Qubit

• A very (very very) strong analogy

• Simple setup

• ‘Low cost’ 

• Conceptually rich 

• The Schrodinger equation
• Heisenberg inequalities
• The density matrix 
• Decoherence
• Entanglement 
• The wave function 
• The Bloch sphere

• Purity
• Gates
• The Born rule
• Fidelity of states
• etc…



Analogy:
Heisenberg inequalities

It is a sphere!
The Bloch vector lives

in the Bloch sphere

How much of 
Horizontal 

polarisation?

How much of 
circular R 

polarisation?

How much of 
45 deg 

polarisation?



The mathematics of polarisation were developed well before QM
and for one quit there are exact analogs

QM—CM
    Bloch Sphere—Poincare Sphere

State vectors—Jones vectors
    Density matrix—Stokes parameters

Analogy: 
Tomography of the density matrix
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Analogy: ’Mundane decoherence’



Analogy: 
The wave function for the photon is a tricky concept… 



Analogy:
Decoherence from entanglement 



Thank you

• Almost any laser will do! (1$)
• Photodiodes are cheap! (1$)
• Polarisers are cheap! (1$)
• Mirrors are cheap! (1$)
• Mounts can be 3D printed

• Wave plates are not cheap but…
-Maybe already present for other TPs
-Many lab can donate wave plates ‘dead for science’
-Not so expensive options available in the internet (20$)
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PS: A ˜25 pages TP guide is available
bringing together many concepts

theory + experimental realisation

Thank you.




