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Recap of Lecture 6

• Quadrature eigenkets ,
– Wavefunctions                     and                       are a FT pair

• Main result that led us to that:

• Proof involved “translation operators”

– Eigenkets and        : infinite-energy (unphysical) states

• Minimum uncertainly product (MUP) states
– We used equality condition in derivation of                           

to derive most general form of a state that meets equality
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Quadrature variances of squeezed state

• MUP states are “squeezed” states
– Bogoliubov transformation                    

• Satisfies same commutation relation:

• “Coherent states” of     satisfy MUP cond.:

• “Number states”:              ,                                   ,

• Mean field,

• Mean photon number,

• Prove that:

• A few comments
– Coherent state is a special case,
– Optical Parametric Amplifier (OPA): a device that realizes 

the Bogoliubov transformation (we will do a proper non-
linear-optics EM theory derivation of it later)
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When is a squeezed state MUP

• Quadrature variances,
•
• If               and real

–
– and   
–

• If               and real
–
– and
–

• Squeezed state is MUP iff is real 
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Time dependent annihilation operator

• So far, we have been ignoring the oscillatory 
term in the field operator
– Coherent state can be thought of as a fixed complex 

number only when we station ourselves at a fixed 
“phase reference” (a phase modulo      )

– : stays MUP !""#$%&#$'(&

• For a squeezed state,
– and

– MUP only at times when

• For most of the forthcoming development, we 
will station ourselves at a fixed phase reference 
and hence drop the time index
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!"#$%&'( ) *



Binary phase modulation for optical 
communications

• BPSK coherent states 
– Assume real      and mean photon number,
– Inner product
– Minimum error probability of discrimination (equal priors)

• BPSK squeezed states,
– Assume real
– Inner product,
– Find             s.t. is minimized for given     and show that
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Characteristic functions

• Random variable               with probability 
distribution function (pdf)

• Characteristic function of X

• Inverse relation

• Differentiating               w.r.t.    repeatedly can be 
used to calculate moments of X, i.e.,
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1
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