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6.453 Quantum Optical Communication - Lecture 12  

§ Announcements
§ Turn in problem set 6
§ Pick up problem set 6 solutions, problem set 7, lecture notes, slides,

term paper guidelines

§ Single-Mode and Two-Mode Linear Systems
§ Attenuators
§ Phase-Insensitive Amplifiers
§ Phase-Sensitive Amplifiers
§ Entanglement
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Single-Mode Linear Systems:  Quantum Case 

§ Attenuation

 minimum-noise case:       in its vacuum state 

§ Phase-Insensitive Amplification

 minimum-noise case:       in its vacuum state   
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Output State of the Attenuator 

§ Quantum Characteristic-Function Analysis:

§ Attenuation Preserves State Classicality:
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Output State of the Phase-Insensitive Amplifier 

§ Quantum Characteristic-Function Analysis:

§ Phase-Insensitive Amplification Preserves Classicality:
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Semiclassical Photodetection Results 

§ Attenuator with Known

§ Direct detection:

§ Homodyne detection:

§ Heterodyne detection:

Photodetection 
system 
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Semiclassical Photodetection Results 

§ Phase-Insensitive Amplifier with Known

§ Homodyne detection:

§ Heterodyne detection:

Photodetection 
system 

www.rle.mit.edu/qoptics	8	

Semiclassical Direct Detection Results 

§ Phase-Insensitive Amplifier with Known
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Two-Mode Linear System:  Parametric Amplifier 

§ Input and Output Field Operators:

Type-II Phase-Matched 
Degenerate Parametric 

Amplifier

www.rle.mit.edu/qoptics	10	

Two-Mode Linear System:  Parametric Amplifier 

§ Two-Mode Bogoliubov Transformation:

 where 

§ Phase-Insensitive Amplifier:
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Two-Mode Linear System:  Parametric Amplifier 

§ Bogoliubov Transformations for the Diagonal Basis:

§ Phase-Sensitive Amplifier:
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Output State of the Parametric Amplifier 

§ Quantum  Characteristic-Function Analysis:

§ Important Special Case:  Vacuum-State Inputs

 output state is entangled   
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Coming Attractions:  Lecture 13 

§ Lecture 13:
Four-Mode Quantum Systems
§ Polarization entanglement
§ Qubit teleportation
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