Ph195a lecture notes, 11/14/01

Today'’s lecture follows Cohen-Tannoudji, Diu, and Laloe, Chapter IV.

[Cohen-Tannoudji et al, Ch. IV Figure 1]
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b Schematic drawing of the Stern-Gerlach
| ] experiment. In figure a is shown the tra-
\ \ / / jectory of a silver atom emitted from the
i i | et e e
7 » v high-temperature furnace £. This atom is
\ X \ / Y, / deflected by the gradient of the magnetic
\ / field created by the electromagnet A4 and
then condenses at N on plate P.
North

Figure b shows a cross section in the xOz plane of the electromagnet A4 ; the lines of force of the
magnetic field are shown in dashed lines. B_ has been assumed to be positive and dB_/dz, negative,
Consequently, the trajectory of figure a corresponds to a negative component .# _ of the magnetic
moment, that is, to a positive component of . (7 is negative for a silver atom).
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[Cohen-Tannoudji et al, Ch. IV Figure 2]
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Due to precessional averaging of transverse components,
F = V(#ZBZ)
Quantum description:
|\P> S H2

Ha = span{| + ).| - )}
(+l+)=(-1-)=1
(+1-)=0
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[Cohen-Tannoud;ji et al, Ch. IV Figure 4]
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Su = Sxsinfcosg + Sysindsing + S, cosd

_h cosf snéexp(—i¢)
2\ sn@exp(+ig)  —cosh ’

[ +u) = cos% exp(—ig/2)| + )+ sin%exp(+i¢/2)| -,
|- ) = —sin%exp(—i¢/2)| + )+ cos% exp(+ig/2)] - ).

Dynamics in the quantum theory:

W= —Ji-B,
=78
H=-H-B
H=7(SxX+ Sy +S,2),
-3
H = —y(S5xBx + SyBy + S;B;).
Let's think about B = Boz Then
H = -yBoS;
= 00Sz,
o = —yBo,

where wg is called the “Larmor frequency.”
Think about SE:

ih%P{’) — H|YP)
with |'\P(0)) = | + ). Then
ey = 2904 )+ |- - X - DIY)
dyey= 20y
[\P(1)) = exp(—i@ot/2)| + ).
What about [\V(0) ) = | +x )?

|+x>=%(l+>+|—>),

['(0)) =|+x)
[P(t)) = %(exp(—iwotIZM + )+ expioot/2)] — )).

Recalling the general expression:
| +u) = cos% exp(—ig/2)| + )+ sin%exp(+i¢/2)| -,

Apparently 8 = z/2 always, and ¢ = wot.
And for |Y(0)) = | +4 ) = cosZ exp(-i¢/2)| + ) + sSin& exp(+i¢/2)| — ), for some arbitrary 6 and



[P(t)) = cos% exp(-i/2) exp(—iwot/2)| + ) + sin % exp(+ig/2) exp(imot/2)] — )

= cos% exp(—i(¢ + wot)/2)| + ) +sin % exp+i(¢ + wot)/2)] - ),
again we see 6 is constant, ¢ increases linearly with t.

Let’s now consider
H=Ho+W,
where
Ho = @0S;

_ hao 10
2 0 -1

and we let W be something completely arbitrary,
W= ( Wi Wy )
Wo1r Wa,
in the z basis. Then the total Hamiltonian is
H:( Eis+Wn Wp ),
W1 E2+Wap
Ei = hwol2, E> = —hwol2,

which can analytically be solved to find
E+ = %(El + W11 + E2 + W22) + %‘/(El + W11 - E2 - W22)2 + 4|VV12|2 ,

E+ = %(El + W11 + E2 + W22) - %‘/(El + W11 - E2 - W22)2 + 4|VV12|2 .
If we simplify to Wy; = Wy, =0, we find

Ei Em T ‘,AZ + |VV12|2 ,

En %(E1+E2),

A= %(E1 ~E,).
Assuming [Wi2| < A (which for us would be By < B;), then

2
E, - EmiA(1+ %('VVT”') +)

Generally gives “anti-crossing” diagram [Cohen-Tannoudji et al, Ch. IV Figure 11]:



, Energies

FIGURE 11




