FROM MICROSCOPIC TO MACRDSCOPIC

APPENDIX 15A: IDENTIFYING THE SUPERPOSITION

Thpmhl:mmbemﬁmnned beere 15 how o disomgoesh experimentally an en-
semble of systcms all of which are associsted with the same entangled soane
(1511}, which we begin with by recaliing it here:

Iﬁn:|_|}=jlz-[|‘|l',.h+]}+ [, 4_}] (154.1)

from an ensemble E; of systems, half of which are associated wath stare [V, &)
and the oeher half wich [H, A_).

Wz consider various possible peocesses of measurement and we evaluate the
protahdities of their oubcomes accordmg to the lows of the theory, OF Cours:, in
zccurdance with the poston discussed o the wxt, @ the Arst case the prescrip-
rions of the standard formatism have o be applied o staee (134, 1), with the pos-
pulate of the reduction of the wave packet, while m the second case we have o
ke info sccoumr thac, in choosing st random & syseem, it would have a 102 prob-
ability of being associated with the first and the same probabiliy of being associ-
sred with the sscond of the rwo staces of the ensemble £ The calculation has
then 1o be carned out, determining the value of the peobabilites of the ourcomes
in the rwo cases and giving an equal probability oo each

Suppose we carry out a measaremens that identfies the posimon of the poinrer
on the apparams. As was shown in Section 13,3, if we nse the symbols PA =+1}
and P(A =—1) to indicate the probabilmes thar the poimrer will poine to +1 oz -1,
we find they are egual:

PA=#1=1LMA=-1)=111 (154.2)

borh for the srare (1541} and for the encemble E_ . Thix type of measarement
does not therefore énable vs ro distingnish beoween the two cases,

Mow ler o5 carry our 2 plane polanzanon messurement of pleotons in directions
uither than vertical. To begin with a precise example, we choose 2 west of 457 polar-
ization. How should we procesd m arder to svalunte the relarive probsbilites? The
analyses of Sections 4.7 and 6.4 el os char given one state, we onght 1o express it
a5 g linear combinarion of normalized states that correspond to possible and mu-
tlly exclusive outcomes of the messarement in which we are ineresseed. In o
case this means that we ought t6 sopress the stares of polarizacons [Viand [HY in
berms of the states [45) and 135}, which repressnt, respectively, the staves where the
photon passes or fiks the res of 457 gt polarizanon. We already know the relations.
thar exise between thess stres {recall squations [3.2], [2.7], and [2.8])

V)= [45) + 135)), lm=:[13[nsn | (1543
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Subsrituting these formulas ineo the stane {154, 1) we ger

Ifinaly = -}[us. AL +HNEEA )+ HE A Y -135 A )

"?]E 4 1{?1?“.1,1}4.&_, }]}ar;.l__'. IEL) { _—*}Eimq} )AL }]} (1544

Mare chat the stares within the curly hracksrs are normalized stanes of the mes. ©
suring apparatus. The equadon (15A.4) wells us immedizrely thar the phoro-

stares [M3) and |135} have coefficients equal to each other and hoch equal to 157
which implies that chey havea 172 probability thar the photon ovescomes or fz:0
a test for 45,

We niow can go on to the case of the ensemble E,and begin by considering « -_:

system in the state (VA ). This scate is now writen in such 4 way as 1o maie

clear irs decomngrosition in tecmns of the staves (357 and 1335y

L = i ¥ £
IU.A_.)-FH:I.A”H FIIHJ,.’L_.). (15458

from which it Follows chae it has a 122 probabality of overcomang a rese of polas. £

ization at 45°. The corresponding formula for the sae IHA ) & then

H A== M54} - H35,44), (15

for 457, Since by choosing a svsvem ar random from che ensemble B, thas sysres
is with equal probabilicy in the stace (VAL () or in the state IHA_ ) and for both e
these occurrences it has an equal probability of passing or Failing the nexT oest o5

polarization, it follows thar even in this case thers 15 a 12 probability thar e :
photon passes or fails & sest for polarizanon ar 43% Once again, this type of mea-
surement docs not permic us o distinguish betweeen the sseee (15A.1) and the sre- el

tiseical mixture By
1 will noe take the fime now to show how measerements that have o do ss-
iclusively with observables of the appararss Ekewise do nor peomic the distincrioz

Insread, [ will move on 1o show thar measuremenes of correlation that combine _.
avatlable noncompatible observables with those thar characterize either the staze
of the photons or of the apparamuses in {1543}, do permit dissinguishing the szare

(15A.1) from rhe staristical micre B,

A5 far as regards the photons, we have aleeady considered observables ncose-
patihle with verncal polarizagon, thar is o say, polarization measurements =
43", Accordingly, we must subsotute the expressioms { 15A.3) oo all the staves in
which we are interesed. We must now comsider an observable for the apparars
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that is incompatible with the observable that corresponds mo the stares for which
the index Is +1 o5 —1, respecrively, Withour gerring bost in the details about how
such A measurcment could ake place, let us tmagine thar there exists an obsery-
ahle £ of the apparamus that assumes the value 3 when the stare of the apparatus
is

1) = =18, +1a.] (154.7)
angd vhe walug Y when the state is
m=;15[m,.j 1,3 (154.8)
The inverses of thess cquations are obviously
Iﬁ‘1:|=:l.%[ix;|+l‘r}], IA_,}-:."EI-[E{}J‘I’!I} [15A.9)

The reader will cemainly have understood dhar in the same way in which a
measurement of polariztion ot 45 i incompatible with a measurement of vers-
<al polarizadon, in o compierely analogons way, a messuremens of the observable
Z 15 companble with one intended tm reveal if the pointer of the apparams
points te +1 or -1, In facr, the relationship between the amres [V)JHD, and
H5001 350 s exactly the same &5 the rebationship berween the szaces |4, LA ) and
POGY ). We can now peocecd in our analysis.

I the case of state (154.1), by expressang the states [WhIH} and (A Ak o
tecms of states BAL135) and OY), from (15A3) and {E5A%) we derive

Hinal) =:|.11.{Mjix:n +135, ) {15A.10)

which tells us thar in z joinr measurement of 45 polarizanon and of the obsery-
able Z af the apparatus, the ourcame “the photon passes the est” is perfecrly
correlazed with the ourcome X" and alvernanvely, the ootcome “the photon
fails the ress” is perfecdy correlated wich the owrcame “Y," each of the two
pairs of ourcames occarring with an equal probabilicy. On the contrary, the oat-
comes * the photon passes che tesvand the apparatus is found in the state Y™ or
“the photon fails the test and the apparatus is found in the state X" will neves
happen.

If we maove on o consider the cnsemble By, we see that its membees will be
desenbed aicher by the atare

:u,,am}%[mm SMEY)+NIN0 U35V (1sAan
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ot alemanvely by the state

A = i{mm ~M5Y)-N35X 035} (1SAC

From equations (15A.11) and (15A.12) we see that in both cases the foor pairs
ontcomes. (45,3), (43,Y], {135,X), and (135.Y] for che joint measurements 2
equally probable (with 2 probability of 1¢4), It follows that these probabilivies 20

those that characterize the ourcomes of the corretarion measurements of the ind - 3
cated observables. We shoold notice in pardenlar thae the pairs of omtenr
{45, Y} and [135,X}, which can never arise when the stare is (15415, l;unl‘n!r_l;.m4 _'

same probability a5 the acher pairs in the case of £,
This conclisdes the demnmu'aum ﬂuta d:llil'.lJlL'I'.‘l:ll'.'l berween rju: stare 1]5,#..1;‘ :

of (134.1] reself.
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