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|6.453 Quantum Optical Communication — Lecture 9

= Announcements
= Turn in problem set 4
= Pick up problem set 4 solution, problem set 5, lecture notes, slides

= Single-Mode Photodetection
= Direct Detection — reprise
= Homodyne Detection — reprise
= Heterodyne Detection — semiclassical versus quantum
= Realizing the Q measurement
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Single-Mode Quantized Electromagnetic Field

= Photon-Units Field Operator on Constant-z Plane:

. &e—jwt
E.(x,y,t) = AT + other terms

N—— unexcited modes
excited mode
for (x,y) €e A,0<t<T

= Photon Annihilation and Creation Operators: @, a'

with canonical commutation relation [d, dq =1
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Direct Detection: Semiclassical versus Quantum

= Single-Mode Photon Counter: Semiclassical Description

ae—jwt Z(t) 1 T ‘
T — D—-E/O dti(t) —= N
2n >
Pr(N=nl|la=a«a) = |a|' el
n:

= Single-Mode Photon Counter: Quantum Description
(T

ae vt i(t) 1T
7 —_— D—»;/ﬂ dti(t) —= N

Pr(N =n | state = [¢)) = |(ny)
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]Single-Mode Balanced Homodyne Receiver

é i ()

Ai(t) = i (t) —i_(t)

T

+
ianal > 1 ) output _
signa / I: — %), dt Ai(t) F— Qg —2 Mo
i_

50/50 K — 2Q\/N7LO

local oscillator

= Semiclassical Description: ag ~ N(Re(age™?),1/4)

- Quantum Description: g «+— a5, = Re(age™?)
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]Homodyne Detection: Semiclassical Theory

= Signal and Local Oscillator Fields:

age It aroe” It
Es(z,y,t) = “JAT Ero(z,y,t) = T VAT

= Strong Local-Oscillator Condition:

0
a0 = vV NrLoe’”, Npo — o0

= Characteristic Function Derivation:

. . Jv
Ma = 1 M — |\ M _
AU N*(M\fm) N( wNLo)
— eijc(ase_jo)—v2/8
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Homodyne Detection: Quantum Theory

= Signal and Local Oscillator Field Operators:

. dse—jwt
Eg(z,y,t) = W + _other terms

N—— unexcited modes

excited mode

R A —jwt
Ero(z,y,t) = % + _other terms

N—— unexcited modes

excited mode

= Local-Oscillator State: |v/Nroe’®), Npo — oo

= Measurement Operator:

St s atoa .
a\a. —a a_ R ,
Yay —ala-  Re(asayo) Re(age?)
2v/Nro V' Nro
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Single-Mode Balanced Heterodyne Receiver

it(t)

£ cos(wrrt)

T K’ — q\/NLO é /ant(.) |, al

"
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D e e > K/

e .

50/50 T () 4@‘ /El dr() —> (X
local oscillator Sin(wIFt)

= Semiclassical Description: {a1, a2} SI, «a; ~ N(ag,,1/2)

= Quantum Description: « «— ag

i 8



www.rle.mit.edu/qoptics
www.rle.mit.edu/qoptics

] Heterodyne Detection: Semiclassical Theory

= Signal and Local Oscillator Fields:

aSe—jwt aLOe—j(w—wIF)t
ES(xaya t) = W? ELO(xayv t) = \/ﬁ

= Strong Local-Oscillator Condition:
aLo = VNrLo, Npo —

= Characteristic Function Derivation: random process theory

i o

] Heterodyne Detection: Quantum Theory

= Signal and Local Oscillator Field Operators:

N —Jjwt ~ o —j(w—2wrir)t
A age v aye
E(x,y,t) = + other terms
VAT VAT —
N— — N——— ——— unexcited modes
excited mode unexcited mode
. apoe I (w—wir)t
Ero(z,y,t) = + _other terms
) /—AT _’_/
N unexcited modes

v
excited mode

= Local-Oscillator State: |\/Nro), Npo — oo

= Simultaneous Measurement of Commuting Observables:

o — ag + d}, for state = [1))s ®10);
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Coming Attractions: Lecture 10

= Lecture 10:
Single-Mode Photodetection

= Signatures of non-classical light
= Squeezed-state waveguide tap
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