QLAC\V\’\'U«M
chye,s'\ow\

Coherence

C.A. Fuechs
o

wov k with
Maveus A‘)F‘&‘O/
P\Meo\-uz.e,r So\r\c\c\&



Fevriymon 1

g

) é Pz,
2E--B----§ -
E\e.cffon.\
Gun
wall Back

5“'0'

“Twe vesuld P obtTaired with beth holes is
cl\e aw'\/ wolt e sum of P, and e > A\e Py oka~
bLitikies fovr each \role alowne. . I anq\ogy with
cur watev -wave e,ﬁfef'\me.n“\‘, we 5"‘7.' *MTtrere
s nter Fevence,’

Yor e.‘e.c.‘\’fonﬁ.. P‘,_ ?é P‘ + £, . of
Tnstead P =1p1™ | Pzl | Pu=ly s el™.

e We. .s‘nq“ '\'qck‘.e. .\mmeA‘\dd'e.l/v +"\e, bqs.tc. e\e.me.n'\'
ot the mYs'l'e.rious behavier v its weskt S*rqnge,
'?‘orm- We choose "\"o exXxamine a, ?\ne,v\ome.noﬂ
w\q‘;c.\'\. S '\m?o;s';b\ea y absel u'\'e,\y 'um‘:oss.nL)e .‘""'o .
e,x(o\a.w\ " any classical Way o and Mhie\ has i
‘g'\‘ e \qe.qr-*' d&: vwm'\‘um me.o\'sﬂumc-s. X
re,a.\'.'\'/ , ¥ contaivnsg tve o\n\z mys"(‘e.r/.”

— R, P Feynman | 1764



W |
An
P&V‘ ‘For m_e,& exPenr'\me,n'\'s

\"\O\VE,' YO Y&Su\+5 &

- A. Pevas, \978



“*Meoasurement”

Does ¥ veveal a ‘:re.-e.xls‘\'ln%,

bu+ uunknown ) Va\ue-?
oY

Does tf in somme sense 9o toward

Cv e.au‘\"w\% e ve.rr VQ\U\&?



EPR CviYterion of Re,a_\j_*‘)(

! If, without in any wWay A?s‘\'uf\:\na, a
systews Lone can gccHne.v- *he information
Ve%u.w'e.a %o P edich with c,em“’a'\n“\'y
(L.e., Wit h Pro\oq‘o'\‘i""f e.%uq\ to uns‘i")/)
the value of a F\nrs:cq\ q’uan“r:‘b’,
then theve exists an e\emen‘:_o'F
P‘n sical realit corfe,spono\'tn o
‘Hr\.tys F\mysxc c\.\ i{AAﬂ"'\.‘\?’.” ?



M otiv o\‘\;g,o\ b:,g EPR

Consider Two 59q‘\"\a\\7 Se,?ow‘o\‘\‘e,A
<Lw\'r§‘\‘s v oa ma\x'\mq\\y en‘\‘qn%\eo\
S

.
alte .

3
lEPR) = .);_,‘ V)

7

Assume \ocq\\‘\‘y.

Now wmeasure the \left one an
Way you like, Say with A or B, fwo

v\onc\o_%enn Q.V'A*Q, Y\o'nc.ommu'\’.\wck

obsevvables.



SO m&aiuf‘i}vh&ﬁ’\: ;S S.\v’np\e,

revelaYion affer alV 7

3

1F heve |,
F 3
i C an ?Y‘e,cl:c.'\' I '\'\ﬁe\f'e,,

57
elewent of

reality
1"1:/( heve,
3 1 "
C o Pre,cl‘acﬁfi there,
3 ,§ 1

el em e,n‘ﬁ' o'F‘
reaﬂ+/



EPR Still Tunglodes

But wmusht consider moany mere

boses Than Two. ('\'44‘46)

&1 e\ emenil
= of veality
E—1 &) e.\eme.n“'

G‘F Y‘GA\H‘,

e\ em e.n+

= o& ve.a\:'\y

u“'\"|\ oon'\'WqA;c'\';oY\.

(Hidk, Phink of Kochen-Specker.)



K.oo\r.en - E-;p e,c,\«e,v‘

Su?pose, '\‘\f\e_,y A\A Pre,-ex'\s\'.

Then we should be able Yo
C,o\ov‘ e,ve,v-}/ Slef\' o'? ov"l\'\nogonq\

Y'a)ls iﬂ Rs \"e,A' rare,e,n— %re,e,n.




Kochewn -~ Dpeckex

C/ Q\’\Y\O'\- be; C'O\OY'QA .o

33 rqys 3 ?e.re.s

(w\—\e,n comP\e"\"ec\ \h'\'o {'u\\ ‘\'-r'\o.cls, C,ov\SnS'\'s
of 4O ¥viads wade fvem 57T Y‘C\TS)



C abello’s fwtﬂof( Tﬂ.oo.ﬂ 1 MJWH
e  —

1 " ) ) g m ,— i
OQOIO ocolj1-11-1 P.Hw-pwoo»oxé.»pmHH-HHMHH-prﬁwH-ﬁ
; ! |
0o1io owoo?.ﬁ-wrp:p__o»oo HHH;Hpe.ﬁ_-:ai-::h
11oo0 ﬁOHPHHoowHvo Hooﬁﬂooé:-woo”Hou.o.,,woo:
_x | M | !

11060/10 10 OOSTH?I 100-1 o»-sowooﬁmoao-:o».wﬁ

|

Eachh column sm\mﬂm\mm\i’.‘u ar ovthonovrmal basis.
wou.:: each columv owme ray will be Dmmw@,)mhp p ! ; and
The ofher thvee O y &7 Yhe conmclusion oF ymwil)

S uvn 53.,5@ the values M.Z@m T.
Bur eacw ray apgeacs twice R 4100%?*@500 of

25/ nes 5_09,». ._1)05 5m.nm\um.,+owﬂm\ av eéven Sm‘uSI(.

7 s wot evewn .

0\05.7\9%“0*._05.\



Q uan'\'um YMe osSwuwr eme,n'\‘s

ovre _%e,ne,v'a\‘\"\ve, .

Thetr ou*‘c.ome.s do no+
FY‘ Q.-Q,K;S“" be.'GoY'e, +\ﬂe,,
Yymieoswrewm eh"f 'in'\'ewqc.'k';ovw :

‘Hne,y arise From tThe very

Progess.






\./

T¥é€s of
pre.—:_x"s-\-e,n‘\— cevisequences P
ea "\')! Ywmeasurement ?

whevactions



Feyryman 2

15 \'*‘ '\'wue,> oY ‘15 \‘\c _Vl_c_b_'\_' '\‘«v\e; ’\'\m:\* -\\«e. ea\e,c'.‘ffon
e e v aboe,s Twrough hele 4 ov b %oe.s 4vVireuals
Wele L2 “The on\y answeyr that can be %'wén

is hal ... Yhere'is a certain sf?.c.'\q\ way et
we have Yo t\ink in order thal we do we 3&‘\'
inYo meconsistencies., Whalr we wmust Say o
avoeid mqking. wesn redictions) s the Fellow -
ing. IF one loeks &t the holes er | vmore ac-
c:.\zr'c::c\'e',\)r> & one has a piece of apparatus which
s Oqfc&\o\& of &.e:\‘ermlvi\n% whether the eleec-
Yeonsg 90 Threugh hole L or Rele L, Hhen ore can
.SAY "'\mq‘\‘ H‘ 3065 e,.\‘\‘\f\ear “‘\mroua\n \—\o\e 1 or \\o\e. 20
eu'\‘) when one deces net ‘\'«-y o te\l which way
the electron goes, when there is ho‘\'\\;n% w Twe,
e,xf-e,r'\me..rd‘ % disturd the e.-le.c.‘\'vons, ten one
m«y wet jauy tHhat an e,\e.c.‘\‘-r‘on es e.\‘\'her ‘\'\W‘ouz\-.
Vole T o Wole L. IS ome does oy thal , and stadts
Yo wrake any deductions Srem Yhe 5+q+e,me.m,'\‘) e,
Wi make € crevrs 1 the d\na\\ys'\s. T™is 3 The \o -
cal ﬁﬁk’\‘voge- o which we vl walk W we wé\n
4o desdribe nature Sv\cc.e-ssgw“/.

— R. P Feynman , \96Y



Fe,ynman 3

-T T el

From e The Cov\c.e,f:'\" ok PY‘obd\;\\‘\*-/ v Qv\af\'\-v\m
Mechanics |7 1951 ¢

The vnew ‘\'heor)/ assevts that there ave expev: -
mev\‘\'s ‘gov‘ w\n'\c,\n -\\ne, 6xqc‘\' ov\‘\'c.ome, is 'FunAa\me.n'
‘\"a.\\)r un?r‘e,cl'\r:\‘a\a\e, s and that \n Fthese cases one
has'te be sabisTied with C-omfw\'\'lna, fro\aq\n\\i‘l‘.es
os' VavYios ou‘\'c.ome,s. B\ﬁ' ‘Y‘qr ™mov & ‘Y’unalqme,ﬁ""«\

was the c\isc_overy ThaX v nature the laws oF

covn-
Lirnin

P rebabilities wevre neot thase ofF the classical
robablity tteovr ok Laglace.,
f v b4 t

1 s\-\ow\a Sa ,"‘hq’\" ;V\ S?.i"& og "t‘\\e, '\m?\lc,a.-\';cn o‘c 'H-;e,
ttle of 4his Talk twe conc.e.f'*‘ o5 fi‘bbdb‘\\;“y s net
al\tered tw guantum mechanics, W then 1347 tve
Fwo\na\o\\ﬁ‘/ a¥ a c,ea'(""-q;r\ oultcome. of an e.xrerime.n‘\'
[E I < T wiean the convewtional fhwin 3 thatis R F the
Lrpeviment is repeated viany Fimes ene expects twal
e Fraction ofF Yhese whickh awe e outcome in
‘\'ion IS row \\\7 P' T witl v\o““ bve a.‘t' all concecrne
with an q\yli or defining Y\is t'-once‘;\“ ‘W hore

LAY
aetai\ y Fov v\o%ele:?qv"\"wrea Svom Yhe c..onc.e,g\‘ wused

n elassical shalisties |9 V‘eoiu'w'exl o

wes-

W wnat s c.kqn%e.e\, and o\nqv\%e.cl vadicall 3 1s Yhe
wmethod of Cc\\cu\q‘\—‘\né fro\nd\oq\;'\':es.



D e,‘(:fn'ih_%,_ Probabilify

Dutch
Book “@!&
’ I Pe
| o |rur
( og

» Ebc,\cw‘.\\nca, Pe Yeans

ovne W\\\ \ouy ovr 5e,\\

A \O‘H'e/(‘)/ ‘\-lo\«e,'l'

lWor*;gXTQ Ej

for 5PE.




Dutch Book

Nowma’\"\\/e Rux\e, :

NQ/VQ/Y' &&O\Q\f& PE 5 P-f_ s PevE >

ete. That will lead Yo sure

loss.

E- Xam?\& 1 .

TE pe< 0, bookie will sell Yickeh
[

fov ne,%a’\"we, voey . Suve loss!
Exqm?\e, 2
1:— PF-> 1 5 \Doo\&-\e, W\\\ ﬁu)r ‘Hc.\«e*

‘ﬁ‘or ™Moy e, ""/\C\\f\ .l'\' ;S Wc:r"r\n \\n

best case. Sure loss,



EXQMP\Q, 3:
Su?\vose/ = QnA\F- mu‘\'uc\“y

exclusive .

[(Work\v #1 ¢ £uF]
[Worth #1 i EJ ‘\
mor'\'h 'ﬁl ll_i_l \ouy'\n‘% ‘\'\r\;S

'| S & 1uw a\ e.vr'"

o \ouyin% these

+ wo

SO VV\MS{- »'\G\Ve, PEV? = PE +PF o

EXamF\e, &4 .

: v
Pv*\c,e,? #’TPE o course .



ga¥65 B‘A\ e

Czowslo\a\f cowo\l‘\‘iowq\ \o'\"%'e,v"\e,sl
I6 EAF cb'\ve, L\ ?ric_e, )‘ou'\‘

1{: .F V'e,"f\AY‘V\ Y'Yloneay .

Thus

T e e = L Ly g e

Wor"\n #1. |'F EAF;

| #
Werth $pg,. if F.| proce T Per

But .

[Wow\'\r\ 41 & EAF ' Pr'\c.e, 5\9%‘:

” s _.=...____..1r
WQV +\’\ & PElF .l“' ? FY’;C—QJ $PE.\\"' FT:

A

Ye call e,xawn?\ea '+

Ss wust have

Petr = PEat * PeiePF =P




S

P\r‘ o\oab.\\.d'/
T\de;ovy

=

e ——



Q \/\O\\r‘l_\— VR aa)

Me.,r.,\r\asv\'\c,s

Pro\oa\o}\]'\'/
T\ne_.o-ry

T



o — . g

Like Lewis’s Pvincipq\ Pr'\nc.'\pte,?
r 3

Foo David Lewts (omé\ wany oJf\nemsv There,

ave. EQ)’&S‘\Q\’T ?ro\oq\o\\l‘\';es oand Yheve ave

\ . -
E b\o__\e,c,'h ve c\r\qnc_e,s ”.

Pr{nclgq\ ?riv\c\g\ez: Foc ey “6‘3’“3“

Pe( Al ch(=x & E) = x .
A

chance any Y come ot ble!
gropo sstian

5.|M.|_\_?\__\" \y z: FQY" aun)/ o\ase,\r vey )

or (G en (D =\ & B) = IGIwI®
PES

c.e. states \¥r give

o\oje,c.'\‘\ ve chavces




Jim Hartle 1968 (section 1v) Interpretation
of Quantum Mechanics (suitably modified)

Am. J. Phys. 36, 704-712 (1968)

A quantum state, being a summary of the observers’ in-

formation about an individual physical system, changes

both by dynamical laws and whenever the observer ac-
quires new information about the system through the
process of measurement. The existence of two laws for
the evolution of the state vector becomes problematical
only if it is believed that the state vector is an objec-
tive property of the system. If the state of a system is
defined as a list of [ezperimental] propositions together
with [their probabilities of occurrence], it is not surprising
that after a measurement the state must be changed to

be in accord with the new information. The “reduction

of the wave packet” does take place in the consciousness

of the observer, not because of any unique physical pro-

cess which takes place there, but only because the state is

a construct of the observer and not an objective property

of the physical system.




The More Pure Einstein

Granted: “The individual system (before the measurement) has
no definite value of ¢ (or p). The value of the measurement only
arises in cooporation with the unique probability which is given to
it in view of the ¢-function only through the act of measurement
itself.”

Consider spatially separated systems S; and S, ini-

tially attributed with an entangled quantum state ;5.

“Now it appears to me that one may speak of the real factual
situation at Sy. ... [O]n one supposition we should, in my opinion,
absolutely hold fast: the real factual situation of the system Sy
is independent of what is done with S;. ... According to the
type of measurement which I make of S;, I get, however, a very
different 1) for [Sy). ... For the same real situation of S it is
possible therefore to find, according to one’s choice, different types
of y-function.

If now [physicist B] accepts this consideration as valid, then [he]
will have to give up his position that the 1-function constitutes a
complete description of a real factual situation. For in this case it
would be impossible that two different types of 1-functions could

be coordinated with the identical factual situation of Ss.”
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