Sone Thoughts on the Col | apse Postul ate
Based on unitary tinme evolution postulate, a system consisting of a

gquantum system (Q systen) and a neasurenent system (M systen), would
necessarily evolve in this way

linitial) = (al+)q +bl-)q J0),, = | final) = &l +)o|+1),, + bl-)o|-1),

which is a superposition of Qstates and Mstates. The M states
represent macroscopic pointer |ocations on sone neter.

Thi s says that neasurenent, within the framework of the standard four
postul ates in nost texts, CORRELATES or ENTANGLES the "dynam cal"
vari able (Q systen) to be neasured and the "nmacroscopic" (M systen)

i ndi cator that can be directly (macroscopically) observed.

Derivation: Suppose that the neter has eignvectors (labelled by
ei genval ues)

|+),, = meter on:reading + 1
|-), = meter on:reading - 1
|0),, = meter off
and the system has ei genvectors (|l abelled by eigenval ues)
+>Q=value=+1

|
|-)q = value=-1

The initial state is

linitial) = (al+), + bl ~)q JO),,
whi ch represents the systemin a superposition and the neter off.

We are interested in the evolution of this state according to quantum
nmechani cs.

|f, instead of the above initial state, we started with the initial

state
|A) =[+)5|0)y,
or
1B) =1-)ol0)y
and then turn on the neter, the states nust evolve into
|AI>=|+>Q|+>M
or
|BI>=|_>Q|_>M

respectively, indicating that the neter has neasured the appropriate
value (that is the definition of a "good" neter) since the systemis
in an eigenstate and has a definite value with certainty.
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If the systemis in the initial state corresponding to a
super positon, however, then the linearity of quantum nmechani cs says
that it nust evolve into

| ﬁnal> = a‘|+>Q|+1>M + b|_>Q|_1>M
which is equation (1).
Interpreting the state vector: Two nodels....

(A) Pure state [y)— a conplete description of an individual Q system

This corresponds to the statenment that a dynam cal variabl e P has
the value p in the state |p) if and only if Ply)=py).

(B) Pure state |y)— the statistical properties of an ensenble of
simlarly prepared systens.

Interpretation (A) is the standard interpretati on espoused by 90% of
all physicists. It assunmes that, because the state vector plays the
nost inportant role in the mathematical formalismof QW it nust have
an equally inportant role in the interpretation of QW so that

Properties of world <« Properties of |y).

Interpretation (A) by itself is not consistent wwth the unitary

evol ution postulate, that is, the state |final) is not equal to an

ei genvector of any indicator (macroscopic pointer) variable. This
means that the pointer (of the neter) will "flutter" since the |+l
states could be macroscopically separated in space. Since we never
observe this flutter, any interpretation of [final) as a description of

an individual system cannot be reconciled with both observation and
unitary tinme evol ution

Interpretation (B) has no such difficulties. |y) is just an abstract

mat hemat i cal object which inplies the probability distributions of
t he dynam cal variables of an ensenble. It represents a state of
know edge.

Physicists that believe interpretation (A) are forced to introduce a
new postulate at this point to renove these difficulties. This is the
so-cal l ed reduction/col | apse of the state vector postulate, which

says that during any neasurenent we have a new real process which
causes the transition

| ﬁnal> - a|+>Q|+1>M or b|_>Q|_1>M

or we end up with an eigenvector of the indicator variable and thus
there will be no flutter.

Various "reasons" are put forth for nmaking this assunption, i.e.,

"measurenents are repeatable”
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Since this experinment(where the repeated neasurenent takes place
imredi ately after the first neasurenent) is rarely realized in the

| aboratory, | do not know what to nake of a requirenent |ike this
one. In addition, in many experinents (li ke those involving photons),
the systemis destroyed by the neasurenent (photon is absorbed)
making it silly to talk about a repeatabl e neasurenent.

In addition, the "reduction"” process has never been observed in the
| aboratory, so | do not undertsand in what sense it can it be thought
of as a real physical process.

It is inportant to note that this difficulty only arises for
interpretation (A) where statenents are nade about state vectors
representing individual systens.

Sonme Proposed Mechani snms for the Reduction

(1) The reduction process is caused by an unpredictabl e and
uncontrol | abl e di sturbance of the object by the measuring apparatus
(a non-unitary process).

This means that the Hamiltonian of the system nust take the form

A

H=Hy,+Hy,+Hqy , Hgy — disturbance

whi ch neans, however, that it is already built into the standard

unitary time evolution via U=e™" and, thus, the disturbance terns
can only lead to a final state that is still a superposition of
i ndi cator variable states. I T DOES NOT WORK unl ess you do not tell us

what is nmeant by unpredictabl e and uncontrol | abl e di sturbance!

(2) The observer causes the reduction process when she reads the
result of the neasurenent fromthe apparatus.

This is just a variation of (1). Here, the observer is just another
i ndi cator device. The new final state becones

| final) = al+)o|+1)y,|sees + 1), + bl -)o| 1), |sees - 1),

which is still a superposition and thus is NO HELP. It al so
i ntroduces "consciousness” into QM and that is just silly!

(3) The reduction is caused by the environnent (called decoherence),
where by environnment is neant the rest of the universe other than the
Q system and the M system

In this nodel, the environnent is a very large systemw th an

enor nous nunber of degrees of freedom W do not have any information
about nost of the degrees of freedom and thus nust average over them
Thi s causes pure states to change into nonpure or mxed states in a
non-unitary process as we will see later in these notes.

Way do many physicists think an individual Q system nust have its own
state vector or wave function and then assune the col |l apse postul ate?

I T WORKS for doing cal culations!
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This view has survived so | ong because it does not lead to any
serious errors in nost situations. Wy?

In general, predictions in quantum nechanics are derived from Wﬁ

whi ch gives the wave function and which, in turn, gives the
probabilities. The operational significance of a probability is a
relative frequency so that the experinmentalist has to invoke an
ensenble of simlar systens to make any conparisons with theory that
i s independent of any particular interpretation of the wave function.
So that interpretation (B) is being used in the end anyway.

Does this nmean that we should stop worrying about the interpretation
of the wave function? NO But that is the subject of another sem nar.

What about interpretation (B)? It says that
A pure state describes the statistical

properties of an ensenble of simlarly
prepared systens.

This neans that we nust use the density operator p as the fundamental
mat hemat i cal obj ect of quantum nechanics instead of the state vector.

It turns out that some systems only have a density operator p and do
not have a "legitimate" state vector |y) .

For exanple, consider a box containing a very | arge nunber of
el ectrons, each having spin = 1/2. As we shall see later, this neans
the spin can have a neasurabl e conponent = £1/2 along any direction. A
Stern-Cerlach device neasures these spin conponents.
Now, suppose the box has a hole so that electrons can get out and go
into a Stern-Gerlach device oriented to neasure z-conponents (an
arbitrary choice). We wll find the results

+1/2 50% of the tinme and -1/2 50% of the tine

We then ask the question - what are the properties of the electrons
in the box?

There are two possibilities

(1) Each individual electron has the state vector
1 1
Y)q = \/_§|+1/ 2)+ ﬁ|_1/2> = [9) gox

which is a superposition.
or

(2) 1/2 of the electrons have +1/2
1/2 of the electrons have -1/2

so t hat
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Y), =[+1/2) or [-1/2)
1 1
W) gox = ﬁ'”l 2) + N} |-1/2)
which is the seems to be the sane state |y), as in (1), but it is

really NOT a superposition state in this case.

Therefore, it seens that we will not be able to tell which
possibility is the correct one!

It turns out, however, that
X = COMmp = +1/2) = | +1/2) + = |-1/2)
N2 A2

so that, in case (1), if we orient the Stern-Cerlach device to
measure x-conponents we would find all the electrons are in the sane

state |[x-comp=+1/2), that is, they are all the sane!

On the other hand, in case (2) since

1
z==+1/2)=—|x=+1/2) = X=-1/2
[2=2112) = F{x=+1/2) = [x=-1/2)

1
N2
we woul d find that

1/2 give the |[x=+1/2) result
1/2 give the |x=-1/2) result

Therefore, the states are not the sane! If we try to wite a state
vector for case (2) we have to wite

1 e’
—|+1/2) +
+1/2)+

|-1/2)
i nst ead of
W), = i|+1/2> +i|-1/2>
BOX \/E \/E

where o is a conpletely unknown rel ative phase factor, which nust be
averaged over during any calculations since it is different for each
separate nmeasurenent (each nenber of the ensenble). Wth that

property for a, this is not a legitimte state vector in my opinion.

If we use density matrices we have a different story. For a pure
state we can always wite p=|y)y| for some state vector |y)

In fact, case (1) gives

0=

N |-

11
(|1/2><1/2|+|1/2><-1/2|+|1/2><-1/2|+|_1/2><_1/2|):%(1 1)
where the diagonal matrix el enents represent probabilities and the
of f-diagonal matrix elenents inply that we will observe quantum
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interference effects in this system

Clearly, any pure state density operator cannot be witten as the sum
of pure state projection operators.

In case (2), however, we have

~ 1 1/1 O
=—(|1/2)(1/ 2| +|-1/2)(-1/2 —
-2zl -2-uz) -2 )

which clearly is the sumof pure state projection operators. This
corresponds to a nonpure or mxed state. Note that the off-diagonals
are zero so that this density operator cannot |ead to any quantum
interference effects.

If we treat case (2) as a pure state with the extra relative phase
factor we would obtain

whi ch becones

b=

N

o 4

when we aver age over «o.

The decoherence process has this effect

~ (a b a o0
p = -$
(C d) enwro_nment( 0 d)
reduction

or a pure state turns into a mxed state! Here, environment reduction
means averagi ng over the unknown degrees of freedom

Are any of these ideas correct? This is not yet determ ned!

In the two-path experinent discussed in section 06 of these notes we
had the foll ow ng di scussion:

What if we put a wall into the soft path at the point (x,y,) ?

The wall stops the tine evolution of part of the state, so that the
state at t, woul d be

1 1
\,_§|h>| X5’y4> - \’_E|S>| Xs’y1>

In this case, the state renmins nonseparable with respect
har dness/ col or and coordi nat e-space properties at t, .

| f a nmeasurenment of position of this electron were to be carried out
at t, (if, say, we were to | ook and see whether the el ectron had
energed fromthe black box), the probability of finding it at

(X5, y,)woul d be 1/2, and if it were found there it would be hard, and
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if its color were neasured, it would be equally likely to be green or
magenta. That is exactly what we said in our earlier discussions.

The difference here is the the state of the systemis a m xture and
not a superposition. The reason is that a neasurenent has been
performed and this collapses the original superposition state into a
m xture state.
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