Schrodi nger’s Cat and Wgner’s Friends

According to the Copenhagen interpretation, the state vector for
2-particle quantum state does not disentangle as particles separate
in space-tinme. Instead of changing into two separate vectors, one
associated with each particle, the state vector remins entangl ed
and, when a neasurenent is nade, the state coll apses instantaneously
no matter how | arge the separation di stance.

EPR s view of physical reality says that if two particles are
i solated fromeach other, then they are no | onger described by single
state vector when a neasurenent is nade.

The reality they are referring to is called local reality and the
ability of particles to separate into 2 locally real independent
physical entities is called Einstein separability.

In the EPR experinent, the Copenhagen interpretation denies that the
2 particles are Einstein separable and thus denies they are locally
real until a measurenent is nmade on one or other, at which point both
becone | ocalized and real (the so-called coll apse process).

Ent angl ed States and Schrodi nger's Cat
Schrodi nger proposed a nost fanpbus QM par adox.

In our earlier discussions, the notion of the collapse of a state
vector was presented without reference to the point in the
measur enent process at which the coll apse occurs.

One might assune that coll apse occurs at the nonent a m croscopic
guantum system interacts with macroscopi ¢ neasuring devi ce.

Is this assunption justified?

A macroscopi ¢ neasuring device is conposed of microscopic entities -
nol ecul es, atons, protons, neutrons and electrons. Interactions takes
pl ace on m croscopic |evel, which should use quantum nmechani cs for
their description.

Suppose a m croscopi ¢ quantum system descri bed by state vector Wﬁ

interacts with measuring instrunment(any device which responds to an
interaction with a quantum system produci ng nmacroscopic results Iike

pointers or dials) with two measurement eigenstates [yp,) and |y_).

These ei genstates conbine with macroscopi c device to reveal one of 2
possi bl e out cones of a neasurenent, deflection of pointer to |eft
(+ result) or right (- result).

Recogni zing that the instrunent itself consists of quantum particles,
we describe the state of instrunent before nmeasurenent by a state

vect or |@Q, corresponding to central pointer position.

The total state of the quantum systemtneasuring instrument before the
measurenent i s made described by state vector |@Q, gi ven by:
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where |y) has been expressed in ternms of its measurenent eigenstates
(we assune that they forman orthonornmal basis as usual) and where

1
w>—ﬁ

W_ly)= (v,

i.e., both final pointer results are equally probable.

Here is a description of what happens if we treat the nmacroscopic
measuring instrunent as quantum obj ect.

First, how does |®,) evolve in time during act of neasurenent?

From earlier discussions, we know the application of a tine evolution

oper at or U allows us to calculate the state vector at |later tinme,
whi ch we denote by |®), as

|(D> =0|q)o>
or

#o) + Ol )| )

)= (0.

What is effect of U on these states?

If the instrunent interacts with a quantum system which is already
present in one of neasurenent eigenstates (Wg> say), then the tota
system (quantum systemti nstrunent) nust evol ve into product quantum
state [y,)¢,), which is equivalent to saying that the interaction will
al ways produce + result (the pointer always noves to the left),
i.e., the state |¢j corresponds the pointer pointing left.

In this case, the effect of U on the initial product quantum state
lw,)¢,) must be to yield the result |y )¢,), i.e.,

Uy, o) = v, )]9.)

or, in other words, if the quantumsystemis in a state(wth
probability = 1) corresponding to a definite pointer position, then

t he neasuring device state nmust evolve into a state where the pointer
is pointing to the proper place. This is what happens in the

| abor at ory.

Simlarly, we nust have A
Uly_)lgo) =[w_)lo-)

Usi ng these special case results, we then have for the evol ution of
any arbitrary state the result

Page 2



) =5 {lv. o+ v o)

where the measuring device states |¢,) and |¢.) correspond to the
pointer ending up at + or - , respectively.

This result suggests that the nmeasuring instrunment evolves into
superposition state in which pointer has equal probability to point
either to the left or right, but not into a definite pointer state.

Thus, neither quantum system nor pointer has a definite val ue.

This state will remain a superposition(pointer does not point) unless
we allow for collapse so that the pointer can point (take on a
definitie value)!

If this were the final state of the system then the pointer should
never settle down and point sonewhere! It has even been suggested
that it would have to "flutter"” back and forth between the two
macroscopically different pointer positions.

Col I apsing the state vector of system + nmeasuring-device seens to
require a further neasurenent.

But then whol e argunment can be repeated ad infinitumand we keep
getting larger and | arger superpositions (see discussion on Infinite
Regression in a |later section of the notes).

Are we therefore | ocked into an endl ess chain of neasuring processes?

At what point does chain stop or at what point does the state vector
col | apse so we see the pointer actually pointing?

This problemis created by our inability to obtain collapse of state
vector using a continuous, determnistic equation of notion from
which the time evol ution operator is derived.

Schrodi nger called state vector |®) given above entangl ed because,
once generated, it inmpossible to separate into constituent parts
except by invoking sone kind of nondetermnistic collapse - sone
di sconti nuous process - some non-unitary tine evol ution.

Such a collapse is not accounted for in equations of orthodox quantum
theory ... we had to add it as a fifth postul ate.

The paradox of Schrodinger’s cat is designed to show up this apparent
absurdity by shifting focus from m croscopic world of sub-atomc
particles to the macroscopic world of cats and hunan observers.

The essential ingredients are shown in the figures bel ow
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A cat is placed in steel chanber together wi th radi oactive source, a
detector, a hanmer nounted on pivot and bottle of prussic acid. The
chanmber is closed. Fromthe anpbunt of radioactive material in the
source and the known tinme for its decay(half-life), it is expected
that within one hour the probability is 1/2 that one atom has

di sintegrated (decayed). If an atom does disintegrate, then the
detector is triggered sending a signal to release the hammer that
smashes the bottle releasing prussic acid which kills the cat.
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Prior to actually neasuring a disintegration, the state vector of the
radi oacti ve atom nust be expressed as |inear superposition of

measur enent ei genstates, corresponding to the physical states of
undecayed at om and decayed atom

However, as seen above, treating the measuring instrunent as quantum
obj ect and using the equations of quantum nmechanics |eads to a
superposition of two possible outcones of neasurenent.

But what about cat?

These argunents seemto suggest should express the state vector of
(system + cat) as |inear superposition of products of state vectors
descri bing disintegrated atom and dead cat and of state vectors
describing intact atomand live cat, i.e.,

|®) = %Q no decay))live cat) + |decay)|dead cat))

where the state vector of the dead cat is shorthand for the state
corresponding to triggered detector, released hamrer, smashed bottl e,
rel eased prussic acid and dead cat.

Prior to the neasurenent, the physical state of cat is therefore
"blurred” - neither alive nor dead but sone peculiar conbination of
both alive and dead states. W can perform a neasurenent on the
(systemtcat) by opening the chanber and determ ning its physical

st at e.

Do we suppose at that point (systemtcat) coll apses and we record the
observation that cat is alive or dead as appropriate?

What happens?

The only result that QM predicts is that if we set up N (N |arge)
simlar systens, then when we open the N boxes after 1 hour we wll
find 1/2 the cats alive and 1/2 the cats dead.

That is what actually happens experinentally.
M1 lions of neasurenents and probability always w ns!

Al t hough obvi ously intended to be sonewhat tongue-in-cheek,
Schr odi nger' s paradox neverthel ess brings our attention to inportant
difficulty we nust confront.

The Copenhagen interpretation says elenents of enpirical reality are
defined by the nature of experinental apparatus we construct to
perform neasurenents on a quantum system It insists we resist
tenptation to ask what physical state a particle (or a cat) was
actually in prior to neasurenent as this question is w thout any
meaning within this interpretation of QM

This positivist interpretation sits unconfortably with sone
scientists, particularly those with a special fondness for cats.

Sonme have accepted the EPR argunent that quantumtheory is
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i nconpl ete. They have set about searching for an alternative theory,
one that allows us to attach physical significance to properties of
particles wi thout need to specify the nature of measuring instrunent,
that allow us to define independent reality and that reintroduces
strict causality.

Even though searching for such a theory m ght be engaging in
meani ngl ess net aphysi cal specul ation, they believe that it is a
search that has to be undertaken.

These are the hidden vari abl es people! They have not succeeded with
this approach and as we now know the Bel |/ EPR argunents say that this
is a futile search

Wgner's friend

Now we investigate the influence of consciousness(the human brain) on
guant um nmechani cs.

In the early 1960s, physicist Eugene Wgner addressed this problem
usi ng an argunment based on a neasurenent made through the agency of a
second observer. This argunent is known as paradox of Wgner's
friend.

W gner reasoned as foll ows:

Suppose a neasuring device is constructed which produces a flash of
light every tine a quantum particle is detected to be in particular

ei genstate Wg>. The correspondi ng state of the neasuring device (the
one giving the flash of light) is ¢). The particle can be detected in
one ot her ei genstate, Wk>’ for which corresponding state of neasuring
device (no flash of light) is |¢).

Initially, the quantum particle in a superposition state

p)=cly.)+cly)

The conbination (particle in state |p,), light flashes) given by
product |y,)¢,). Simlarly the combination (particle in state |y_), no
flash) given by product [y_)¢.).

If we treat the conbined system- (particle+neasuring device) - as
singl e quantum system then we nust express the state vector of this
conbi ned system as

|®)=cC

+

vlé.)+clw o)

as earlier.

Thus, Wgner can discover the outcone of next quantum neasurenent by
waiting to see if the light flashes.

However, he chooses not to do so.

| nstead, he steps out of |aboratory and asks a friend to observe the
resul t.
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A few nonents |later, Wgner returns and asks his friend if she saw a
light flash.

How shoul d Wgner anal yze situation before his friend speaks?

| f he considers his friend to be part of |arger neasuring device with

states [¢',) and [¢'_), then total systemof (particle + neasuring device
+ friend)

is represented by the superposition state

)=,

wl¢' ) +clw e’ )

W gner can therefore anticipate there will be probability ka t hat

his friend will answer Yes and probability ka she wi Il answer No.

If his friend answers Yes, then as far as Wgner is concerned the
state vector |®') collapses at that nonment and probability that the
alternative result was obtained is zero. Wgner therefore infers that
particle was detected in eigenstate Mg> and that the |ight flashed.

W gner probes his friend a little further. He asks:
What did you feel about flash before | asked you?

To which friend replies: | told you already, | did[did not] see the
fl ash.

W gner concl udes (not unreasonably) that his friend had made up her
m nd about neasurenent before she was asked about it.

Wgner wote that state vector |®')=.... involving a superposition of

|¢',) and |¢' ) appears absurd at this point because it inplies that his

friend was in state of suspended ani mati on before she answered his
guesti on.

And yet we know that if replace Wgner's friend wth sinple physical
system such as a single atom capable of absorbing light fromfl ash,
then the mathematically correct description is in ternms of the

super posi tion |®'), and not either of collapsed states [y, )¢',) or
v )le)-
It follows, according to Wgner, that a being with consci ousness nust

have a different role in quantum nechanics than an inani mate
measuring device |like an atom

O course, there nothing in principle to prevent Wgner from assum ng
this friend was indeed in state of suspended ani mati on before
answering the question. However, to deny existence of the
consciousness of his friend to this extent is surely an unnatural
attitude.

This is solipsism- a viewthat all information delivered to your
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conscious mnd by your senses is a fignment of your inmagination, i.e.
not hi ng exi sts but your consci ousness.

Wgner was, therefore, led to argue that state vector coll apses when
it interacts with first conscious mnd it encounters.

Are cats consci ous beings?

I f they are,then Schrodinger’s cat m ght be spared the disconfort of
bei ng both alive and dead: its fate has al ready been deci ded by own
consci ousness before a human observer lifts Iid of box.

Consci ous observers, therefore, appear to violate physical |aws which
govern the behavi or of inani mte objects.

Wgner calls up a second argunent in support of his view

Nowhere in physical world is it possible physically to act on an
obj ect wi thout sonme kind of reaction.

Shoul d consci ousness be any different?

Al t hough smal |, the action of a conscious mnd in collapsing the
state vector nust produce an innmedi ate reaction -- the know edge of
the state of systemis irreversibly generated in the m nd of
observer.

This reaction may |l ead to other physical effects, such as the witing
of the result in a | aboratory notebook or publication of research
paper.

In this hypothesis, an influence of matter over mind is bal anced by
an influence of mnd over matter.
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