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Example -0 O0O0O0O0000000O0OOO
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(E(t)) =0, (E(t)E(0)) = FT of S(w)
e Planck, FDT by Nyquist (1928);
hw

exp (%) —1
e FDT by Callen-Welton (1951), FDT by Kubo (1957);

hw hw hw
Sow(w) o > cot <2kBT> Sy(w) + 5

Which is correct? Which agrees with experiment?

Sn(w)

[ Depends on the measuring apparatus!




R. H. Koch, et al., Phys. Rev. B26 (1982) 74.
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t=0: |U(0)) = [)|a) = Zw q,1)]q,1) (Z%DA )70, m )

| Interaction between S and A to establish correlation between () and R

=7 ) =3 (@)Y (10 S0 walmul L

q,l q' U m,r’ m’

| Ideal measurement of R to get a readout r
W, (7)) o Pr(r)|¥(r))

= (vl )y | 1d. 1) Zm ", m/)
q,l

/l/

This is the post-measurement state of the total system.



The post-measurement state of S is given by the reduced density operator,

pr = Tra ([Wr(1))(Wr(7)])

The probability of getting a value r is

PR(r) = |[Pa(r]¥(r)

according to Born’s probability rule.

2

)

One can estimate ¢ from 7, or Pg(q) from Pg(r), because Q and R are corre-
lated.
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. Write down the von Neumann chain S, Ay, Ao, ---.

. Find a place at which the interaction process can be regarded as the unitary
part of an ideal measurement. Locate the Heisenberg cut there. Although
two or more such places may be found, you can choose any of them. However.,
to simplity calculations, it is better to choose the one that is closest to S.

It the Heisenberg cut thus located lies between Ay and Ay, apply the laws
of quantum theory to the joint system S+Aj + ---Ag, taking Ap, | as a
device that performs an ideal measurement of the readout observable R of
Aj. If the interaction in the joint system is effective during the time interval
0 <t < 7, one can say that the measurement is performed during this
interval.

. Evaluate the probability distribution of the readout ;. of R;. and the post-
measurement state.
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Example — Correlation of light field
(R. J. Glauber, Phys. Rev. 130 (1963) 2529)

e 00O OOOOOOOOOONONO
[] number state, coherent state, squeezed state, ...

Coherent state (in the Coulomb gauge)
Ar,t) =AM (e, 1)+ A ) (1,1

A state | ) is called a coherent state if
AR (@, 0]y =AM (r,4)|) forall .

Th. A classical current that is free from backaction generates a coherent state,
for which A (1) (r, 1) is identical to a classical field generated by that current.

e OO 0OOOOOOOOONO
OO O, quantum counter, quntum nondemolition detector, ...
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