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|6.453 Quantum Optical Communication - Lecture 17

= Announcements

= Pick up graded mid-term exam, lecture notes, slides

= Quantization of the Electromagnetic Field
= Maxwell’ s equations

= Plane-wave mode expansions
= Multi-mode number states and coherent states
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Classical Electromagnetic Fields in Free Space

= Maxwell’ s Equations in Differential Form:
V x E(F,t) = —po g H(Ft), V-eE(Ft)=0
V x H(F,t) = eo & E(7t), V- puoH (7 t) =0

—

= Vector Potential A(7,t) in Coulomb Gauge, V- A(7,t) =0 :

B 1) = — - (1), H(f,t)zuiov“f(m)

= 3-D Vector Wave Equation:
- 1 92 <
V2A(F ) — — =5 A7 t) =0
(7, t) = 555 A1)

Iif ,

Classical Electromagnetic Waves in Free Space

= Separation of Variables in the 3-D Vector Wave Equation:
A7 t) = \/,quo iy , (') + cc

= Separation Condition and Separation Constant:

V2 (7)1 A, (/AR w2

Cz

U, (7)o qp,(t)

= Helmholtz Equation and Harmonic Oscillator Equation:
2

— — W= _, — =
V2uag(r) + Fup, (1) =0

2
Oclltz ar U( ) +wlgql':g(t) =0
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Periodic Boundary Conditions — Plane Waves

= Periodic Boundary Conditions for L x L x L Cube:
"EG(F) = U L7+ nyLiy + nyLzy +n,Li,)

= Plane Wave Solutions:

l.o
e, ﬁl* 0, for 0 = 0,1 — transversality
2
— 2 w> — -
r=F Ml by L) h=kpkp
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Dimensionless Reformulation and the Hamiltonian

w_‘ . .
= Define: af,a(t) =\ 3, @ U( ) = dimensionless

= Electric and Magnetic Fields:

o hw- . P
= l —j(wpt—kp-7) >
E(7)t) Z]V 2013 o e Irth D g 4 ce

1 . B} 1 . ;
H = / 437 [—EOE(F,t).E(f,tH—#OH(f,t)-H(r,t)
LXLXL 2 2

- EZ:MHIIUGLU
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]Quantized Electromagnetic Field

= Field Operators:
~ hw_'

E(Ft) = j [ g e~ilwrt=kp ) g +hc
( ) ZZ:] 2€0L3 l,o’ l,O'
g(+T
E (7,t)
> hc2 (wrt P ) 7
H(7t) = i\ | ————=ay e I\t kax - +he
( ) Z] 2/10&1[’[/3 l,o’ l l,O'
~(+)
H (1)
Al At — e G- . Q- =
= Commutators: [alwa,a;,,g,] = 077050+ and [alva,al ,0/] =0

~ 1
= Hamiltonian: H = Zhw; l&} ap_ + —]

Iif .

= Modal Number Operators: Nf,a =a

= Modal Number States: N; _|n; )io =NToN7 )7

l,o!" "o

= Multi-Mode Number States: |n) = ®; [n-

= Modal Coherent States: af’a|al~’a X - l,0>l——,0

= Multi-Mode Coherent States: |a) = ®~G|a~
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Coherent States are Field-Operator Eigenkets

= Classical Positive-Frequency Field Associated with |ar) :

. huwy
EN(rty=>"j l
Lo

3 Yo e—J(Wft—kf'T) é'l_’cr
2€0L ’ ’

= Field Operator Eigenket Relation:

[ED(7,1)) = |ex)

~(+) . . 5
E (7 t)|ET (7 1) = EP(F )| ED (7, t))

i \

Simplified Model: Photodetection Theory Prelude

= Assumption 1: Only one polarization is excited

= Assumption 2: Only +z-going plane wave is excited

= Assumption 3: Only narrow bandwidth about w, is excited
= Assumption 4. Work with photon-units baseband operator
= Assumption 5: Quantization interval — t € (—00, 00)

= Fourier-integral field operator relationships

E(t) = ffooog—ﬁ é(w)e‘j‘”t
E(w) = [ dt E(t)e«!
= Field-Operator Commutators:
[E(t), ET(U)} =§(t—u) and [é(w), éf(w')] = 276 (w — ')
i .
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Coming Attractions: Mid-Term + Lectures 18, 19

= Lectures 18, 19:
Continuous-Time Photodetection
= Semiclassical theory: Poisson-distributed shot noise
= Quantum theory: Photon-flux operator measurement
= Continuous-time signatures of non-classical light
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