Quantum States of the Quantized Field

More about Coherent States
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Vacuum States?
Generating Coherent States from the Vacuum
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Unitary, equals translation
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Discussion —
How to do this?

"
D(®) translates I
along X then?yY ®
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Coherent States from
Classical Dipole Radiation

Classical Dipole A[t) = d, coswt) @ t=0

Y'ﬁ --® Quantized Field F(2)= Z& (G+a™)
ﬁ[o() translates L Dioole-Field Interacti
along X then?Y - : ipole-Field Interaction
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H = B0y (076 + 1) + BN (2) (644*)
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Discussion — 4

How to do this? Homework Problem
C (voluntary)
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Quantum States of the Quantized Field

Coherent States from
Classical Dipole Radiation

Classical Dipole A[t) = d, coswt) @ t=0

Quantized Field F£/[2)= Z& (G+a™)

Dipole-Field Interaction

P:I = %o [3\*& +'/z) + :g‘\)\[ﬂ ( G+at)

M) =~ d_f;)_& = )\, Cos(it)

Homework Problem
: (voluntary)
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Drive from 0<4+{T ®»
E) = (T)e HalE=T)

Recall from Semi-Classical Laser Theory

</6Al('63> drives é(’é)

7 LN
classical dipole coherent state
+ quantum + quantum

fluctuations fluctuations




Quantum States of the Quantized Field

Recall from Semi-Classical Laser Theory

</&lfﬂ> drives é(-ﬂ)

7 LN
classical dipole coherent state
+ quantum + quantum

fluctuations fluctuations

Squeezed States

Minimum uncertainty states w/asymmetry

AXAY =Yy, AXW)#AY()
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Phase Squeezing

Amplitude Squeezing

Requires interaction with Nonlinear medium
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Odds and Ends — Thermal States
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Mean Photon Number:
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Photon Number Uncertainty:
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Optical Frequencies, Room Temperature:
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Odds and Ends — Quantum-Classical
Correspondence

Define a Translation Operator
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Use [6\, ﬁ(0'1")] = dF (&™) /da" to show
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We also have [4'(4)) = 't( (&) =07

Action of the unitary transformation T [4)
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We can work with

A\
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Validates Semiclassical Optics
for strong Coherent Fields!






Quantized Light — Matter Interactions

General Problem:

Quantized Modes
Of EM Field

Quantum

Atom H

T

Electric Dipole
Interaction

Starting Point: System Hamiltonian
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Ha=Y ELiXi[=2€,G;, Atom

E.' , |1 :energies, energy levels of the atom

Dipole Operator:

@) [ 4 2 ANl 2 4TS,
wy) 1, o

Field Operator:
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2 polarization modes implicit

Pin down atom where /ULICF) =4
®
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then where
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Dipole Operator:
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Field Operator:

EF) ZezéﬁaIMz(PHH C,, &4
N

ﬂcw
g,V

2 polarization modes implicit

Pin down atom where /ULﬁCF) 1
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Combining (2) & (3):
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where %tﬁ):éﬁ—m
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Rabi Freq., note sign convention

2-levelatom ® (1,i)=(1,2):

Har B % (9384 94 S5 (03+053)

Define: Pauli matrices
Ty = Ty, = [2X1] ] Ty = + (05 +52)
T =G, = 11X2] . Ty : (51—“‘3
A;f 6% = [LXef - [1X1] | i
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Combining (2) & (3):

Hap=2 %‘ﬂ;@zﬁz Gy, (O *dg)
'd

Rabi Freq., note sign convention

2-level atom © (;,3\—"(1,2):

Har: B % (938:+ 4S5 (05 +03)

Define:
qt..'. = 69_, = [2X1]
T =G, = 11X

'

Ty = Ggy — 0, = [1X21 - [1X1] |

Pauli matrices

A A A

T = 7(T+G)
Ty = o (T-0)
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With this notation (4)
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Energy conservation?
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