Vector Model of the 2-Level Atom

We return to the Density Matrix Optical Bloch Equations (OBE’s)
Equations of Motion for a 2-Level atom
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Optical Bloch Equations (OBE’s)
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Optical Bloch Equations
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Define:
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From the definition of the Bloch Variables we get
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Clearly, [S!l=1 ® Tro*=1 ® pure state
Statesw/ [Z1<1 B Tro*<1 W mixed state
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maximally mixed

Note: The above suggests a physical state can
be represented by a vector & , whose tip lies on
the surface of (pure) or inside (mixed) a sphere of
unit radius, and whose length is conserved under
Schrédinger evolution. This is the Bloch Sphere.
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Clearly, [S!l=1 ® Tro*=1 ® pure state

Statesw/ [ZI<1 ®» Tro*<4 ®» mixed state
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maximally mixed

Note: The above suggests a physical state can
be represented by a vector Z , whose tip lies on
the surface of (pure) or inside (mixed) a sphere of
unit radius, and whose length is conserved under
Schrédinger evolution. This is the Bloch Sphere.

Z U7 =125
Q = ~IXlcos@™- 1XI5ndi+ AL
> \ﬁ(h)-ﬂp}

/[

%D =
>
3

A

,_r

N y>=M1>

(%) Do not confuse 2 with the state vector |4 .

Physical Interpretation of the Bloch Variables
We have <}§?> :W(Q%‘\) = gn’g‘u*'gn’@u
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(%) Do not confuse 2 with the state vector |4 .

Physical Interpretation of the Bloch Variables
We have <}%> :W(g;\%) = gti;&.‘ll“-g\l/&?’u

where 9,;=§(4A+\v)e,'“’° }
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Thus
M is the component of (/ﬁ) in-phase w/E

A is the component of (zﬁ) in-quadrature w/ E

Lastly, W = ©44—-Q4, is the population inversion.

Solution of the OBE’s
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Let A =0 and X real and positive {

>
a

- -
=mi+vi+aw

= 1X1 05§ - IXIsings + AR




Vector Model of the 2-Level Atom

(%) Do not confuse 2 with the state vector |4 .

Physical Interpretation of the Bloch Variables
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(%) Do not confuse 2 with the state vector |4 .

Physical Interpretation of the Bloch Variables
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Thus
M is the component of <ﬁ> in-phase w/ﬁ

A is the component of (/f‘\) in-quadrature w/ E

Lastly, W = ©q4—-Q, is the population inversion.

Solution of the OBE’s
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What if X = X(1)? We now have solutions
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T complex amplitude

Cannot remain real if the complex phase
of £() is changing with time
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What if X = X(4)? We now have solutions
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Note: The RWA is valid only in the

Some examples of O-pulses:

Different phase E) different axis of rotation

-

The Pulse Area Theorem is onlv_yalid if the
direction of the torque vector Q is constant.

} 0L

Slowly Varying Envelope Approx. ot

This may not hold for modern Ultrafast Lasers !

(quantum gates)
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Different phase £ different axis of rotation

-

The Pulse Area Theorem is onlv_yalid if the
direction of the torque vector Q is constant.

A8 &

Note: The RWA is valid only in the }
ot

Slowly Varying Envelope Approx.

This may not hold for modern Ultrafast Lasers !

Some examples of O-pulses: (quantum gates)
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Ramsey Method of Separated Oscillatory Fields
(The Ramsey “trick”, 1989 Nobel in Physics)

Single pulse measurement of w,, in Atomic Clock:

X%
' T-pulse

Idea is to measure population of [ as function
of A = Wy~ (J, which is maximized for (J= (v, .

The frequency resolution is oW 1/1" , SO very
long pulses are required. The atom is perturbed
by interaction with the light during the entire
interrogation and problems can occur due to
phase or amplitude noise on the light field. This is
not good since the clock is supposed to link to
the transition frequency of an unperturbed atom.
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Ramsey Method of Separated Oscillatory Fields Ramsey’s two-pulse strategy:
(The Ramsey “trick”, 1989 Nobel in Physics) XY Sequence of 2 short,
ATy Tl intense T/ pulses,
Single pulse measurement of w,, in Atomic Clock: T separated I?y a Ion.g
<ot free evolution period,
£ Sothat T >4t
XY
Tr-pulse
T

To be continued...

Idea is to measure population of {1 as function
of A = Wy~ (J, which is maximized for (J= (v, .

The frequency resolution is oW & 1/'7" , SO very
long pulses are required. The atom is perturbed
by interaction with the light during the entire
interrogation and problems can occur due to
phase or amplitude noise on the light field. This is
not good since the clock is supposed to link to
the transition frequency of an unperturbed atom.




