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Qubits 
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first excited state 
second excited state 

Energy of an electron in an atom 

Using an electron to represent a bit: 



Using an electron to represent a bit: 



Qubit (quantum bit): 



Qubit (quantum bit): 
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Geometric Representation 



Geometric Interpretation: 



Measurement: 



Measurement in arbitrary basis: 



Photon polarization 

Horizontally and vertically orientated    
electric field oscillations. 

Another Example of Qubits 



Measuring Polarization 



Measuring Polarization 
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Uncertainty Principle 



Uncertainty principle 

One can never know with perfect accuracy both of those two important factors which determine 
the movement of one of the smallest particles – its position and its velocity.  

- Werner Heisenberg 



• Can we know both bit and sign of a qubit simultaneously? 

Uncertainty principle 

One can never know with perfect accuracy both of those two important factors which determine 
the movement of one of the smallest particles – its position and its velocity.  

- Werner Heisenberg 



• To quantify this, can define spread of a quantum state. 

 

 

• The spread in standard basis :=                              . 

• The spread in sign basis   :=                              . 

 

 

 

 

 

 

 

 

• Uncertainty principle for bit and sign:                                for any     . 


