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Advantageously, the rotator arrangement is operable to alter the direction of polarisation of
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Another aspect of the present invention provides an information transmission arrangement
comprising: an information particle source; a filter provided at a first location, the ﬁfter being
configured only to allow particles having a certain value of the parameter to pass
therethrough; and a detection arrangement provided at a second location, the detection
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Conveniently, the detection arrangement comprises: a splitter; and a detector, first and
second paths being defined between the splitter and the detector, a path length of the first
path being longer than a path length of the second path, the arrangement being such that, if a
particle impinges on-the splitter and a wavefunction of the particle is directed along both the
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pass through one of the modules and particles travelling from the information particle source

to the detection arrangement pass through the other of the modules.
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EJSIUQ@IM WEiLIEthObnd PRtidRAIK leb&H RartRRI pair Béss NdPpask &ROgReE @lkr, to
the filter between an

ﬁwsﬁgﬁﬁaﬁﬁnggﬁﬁamtﬂgﬁHF%ﬁn?he one particle in each

partlcle pai r passes though the filter, to transmt a

oFd%t' el tﬂ@f)éésechtt ﬁﬁ&\t&:ﬁ’ rlaf e Q\%Feer‘éﬁdﬂ? uno%Fb@oo@ RrbdiRail thereof will -
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waemond binary state to the detector. In order that the
present invention may be nore readily understood

enbodi nents thereof will now be descri bed, _of
By iea spharetic wipw b At YRowWighan a%%ﬁﬁé%w'ﬁﬂ“ ar aRRJ%Hﬂ%Q, beam-
sgtapkli ch: Figure 1 is a schematic view of a set-up
wherei n photons are incident on polarising beam
splitters; Figure 2 is a schematic view of a first

Figdre 2ring isoremabayiewios a fisshinirnaing AsAvssiORSEaRASgNk gebodying the

present invention;

Figure 3 is a schematic view of a second information transmission arrangement embodying

the present invention;

Figure 4 is an energy level diagram for an atomic system for use with the present invention;



present invention; Figure 3 is a schematic view of a
second information transm ssi on arrangenent enbodyi ng
WO bmepeesent i nvention; Figure 4 is an energy PEWEB2005/004860
diagram for an atom c systémfor use with the present
invention;Figure 5 is a schenmatic view of an _apparat us
big¥Rg it ﬁ%ChS'fnéﬁ*ﬁ vievssf gh arpattusiisiga ihe alemic pystery o Figuiedt 5
schematic view of a third information transm ssion
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pREhEreNtifM gure 8 is a schematic diagram of a source
of spherically-distributed particles; Figure 9 shows a
chepgatic.view, of e f | ayed- choi ce
FRIET T Ent o S plB R E0kS i S8R Crow
di agr ans aSS|st|ng in the expl anation of
Figire B4 dBBmMACRRgRIRAS dIsBUrBISf sPherit PRt ted piitdaNt
i nterrogation; and Figure 11 shows two space-time
di agranms of nearly sinmultaneous events using two
fdgdre & emwsad schrtie viewTefethe momapriests of a Qelemedehoice interference
dbefiadi.cs when dealing with a nmany bodied system
requires a basis to span the variables of the system
Thus if we have an n-body system we coul d have a set
Bgurémsi@a stoaties shaw . diagrgms fassistipgsint ithen exppérya@c’pnc af interaction-free
RELDRMehES ré”’d'egteg%!SHeYé?\glntfeFréq?t s @nyavef unction |y> on
this basis. The state of e system evolves.by a first
order linear differential equation: Jt W= \v) Eqn 1
Fidnirs 16 bioows tao spdcaltimg dehgtaes of neasly isitnuitareoud évents abing tve different
zﬁﬁygg ction, however neasurenent is not determnistic
d the measurement M and <y*| My> col | apses into one
of the eigenstates of the operator M The EPRl1 paper
Bfekethalidm bheudnammkirantoWhdd\estrsy withelmany baaid shstem requires a,

tgag@ ?oo%aah rﬂ%u rlfb?e%rbﬂhl g)iS?ef"}é- Ssvagﬁg)g%q tnﬁ%ﬁ{ %leqw%{g&f&qgve a

Fbobase plates Peekrbipr aosﬁpadéyq'qakeropqwe@r%Peraﬁdjfrqn the wavefunction

|(B 35 tHis¥eiB I THR &tateDdf iR Gy stdrh evRRBB a fikBdrdérflinddn Blfférbéﬁta%'quaﬂon.
was sol ely descri bed by the wavefunction, a

neasurenent of one of the, particles mould cause %qn 1
col | apse of the wavef uif thﬁlﬂvﬁus seeming to :
determ ne the physi cal property of the other distant

icle nt an bj ect
T i £y CRRaSIe arq i TP eRunp it i Efar e et s ot
detenrpipistid sl tbm cheSpearical M Red av iMlipe goltapsdsento besy efdhe digrrstates of
t%/lo to?WnTr%SEP@C Bgﬂék akied rl?% fdrrﬂglsm gdem Y& e Estrect by

ch as in a classical coin sg down the m ddl e and
CBB??(?@QI aesa:epq{lot% tvm %pglg Byﬁt(eé%d s&pltgd by a wavefunction w(x,, xz) in which

the two particles were separated by a space-like interval and a measurement performed. It
seemed that if the system was solely described by the wavefunction, a measurement of one
of the particles would cause a ‘collapse of the wavefunction’ thus seeming to determine the

physical property of the other distant particle instantaneously.

Einstein objected, wanting particles to have ascribed classical, objective properties and
Special Relativity to be obeyed. Thus QM was seen as incomplete requiring hidden variables
much as in a classical coin split down the middle and concealed in two black-boxes: one
distant observer revealing ‘heads’ would know that the other distant observer had ‘tails’ the
system already had a state that the measurement simply revealed. Other measurement
paradoxes such as ‘Schrédinger’s Cat' highlighted deep philosophical problems too.



di stant observer revealing 'heads’ would know that the
ot her distant observer had 'tails' the system already
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O her neasurenent paradoxe$ such as ' Schrdinger's Cat'
- highlighted deep phil osophi cal problens too. The way
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i nformati on superlum nally when the act of measurenent
and the whol e apparatus of neasurenent is taken into
Meamyunm QM veatinnpd keehaBrIoeashBicseRses ansl fewergfrayped by the apparent
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duahtemhivedesssicalf malisa, therfortrer bausing mwbrralatioes inutive medabuyeraerds over

%pﬁa%,\ﬁg i u%’vdéf%@e?tgrothgp{ﬂg hsdidal dase. ‘;Wq%&é' ?%lowsst@@sgﬂc@%f the setup

ested experi nent 14 %Q
whershamenganglsidi spiiesl OERIRIOAR. 1l B Rt ONt R91E &g oqSHiters (Fas) and
tRéEakfd HEG Qb tEIRIARdAREl delertichiasatorsal real i sm the
former causing correlations. in the neasurenents over
space-li ke intervals greater than the cl assical case.
Figure 1 shows the essence of the setup where an
ent angl ed source oﬁbgh@ﬁéﬂgﬂlg)rdfﬂnbﬁgent on Eqn.2
pol ari zi ng beamsplitte (PBS)" and then detectors
pi cking up the horizontal and vertical photons. A
coi nci dence nonitor, CM can conpute the expectation
X @xl) Hc‘i‘deﬁée ﬁwgrﬁtors 'C@/négn%oﬁbuté th@ eﬁﬁ%ﬁéﬂaﬁjewm%@nﬁk af th&Getectors

2) 1, 2) - P( 1, 2) The
@kﬁﬂ QMequallty IS conputed mhere the prinmes donate
the PBSs at different angles: | E(1,2) + E(1',2") +

B(1.2) - E(1g@ ) =lp,712) F¥H(1D - Pui1,2) - Pu(1,2)
The Bell.inequality is computed, where the primes donate the PBSs at different angles:
|E(1,2) + E(1,2)+ E(1",2) - E(1,2)|=2 Eqn. 3

Noting the following probabilities:



Noting the follow ng probabilities:PHH(1 , 2) = PW(

1, 2) =Y2C0S82 1 - g2) and PHV( 1, 2) = PVH 1, 2) =
Wy2Wbm64248 q2) .Where 1 is the angle of PBS1l ard/@B2m®5/004860
the angl e of PBS2 The expectation conputes as: E(1 ,2)

= 052( 1 - g2) For the so-called "Bell Angles' of 1 =
3tt/8, 1 =3p/8 and q2 = p /4, B2 = 0 the Bell
| neRel i)tanL(s;zoiné@t%@l kel dhadg: Plu(EQRLs BYw(t 2F€ ¥sin2B)- 6r)
E(r,2) - E(1,2") = 2v2 Alain Aspect 6 et al ,
g\@rforrred this and beyond nost peo Ie S reasonabl e
g15t9: istthq anglerh RS fngh ©: ks thrornolerd  BPP2 correl ati ons coul d -
be di scerned to have occurred between photon pair
n experinments 7 over
%géé%gno vJs%@El%mlg'gag@e é‘jlyrake t he space-|ike
separatl on blunt. It is currently thought that
Sciargiﬁh?éol-daw ‘BéIBArgltsSof BEE BB G 3v08Ibel de- HaRSSo Bledell inegality
ef£rm nacy of quantum neasurenent - nodul ation A
|ar|zer woul d result in our binary digit and
|ts corrpl enent being signalled half of the tine
i ntended. The Agpasat Lgﬁ Digi- el y) wee(¢annopyohave the
di stant signaller collapse the wavefunction of an
ent angl ed photon into horizontal or vertical
Alaimpspestitat ahpetformerhthiszane beyrad dicst pevpleisgeasovaie deds itissknown

e Mm&mgt.&e SR bélmseenfee ReREve QEcubbd BétMeen photon pair states
communi catij o renen URE’ ,1;\ det er nat e

SomrrsuEnts Bhur Spetiai, oFp SAicapabun b IKoRebR Bpke the

spiaed-lke sbp@ratioh bluatnl y achi eve this half of the tinme -

the signal becones totally obfuscated in noise.

Rel ativists still sceptical of the Bell Channel are

& Pyreriatheyeit il 9i9nafing e His mRchRNis wopld ey impossible from the

isdetermmacycodf qianuse meadureb@nisalmddylatomdbyt B eomdiee veulaf result in our
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binary digit and either of the coll apsed states as the

THel®@barath gure 2 shows a source (S) of entangled

photons (pairs 1 and 2) as the conmuni cati on channel .

Di stance between the polarising nodul ator and the

Naitelyr ve camet bave Bej didant gigeallehgoliepse the usivefupgtienlef ian entaagled

dhbfd)ﬁ%t@m‘%d?é] of V@tlcﬁmﬂneﬂfs@ﬂaﬂﬁéﬁ |h9\ﬂa thé\distant receiver measure the

non- dest YUC&I ve_ neas

GPFERr Perbrir & ORI Ho(4N 5 BBIAFRel n oAy Meastiément i
ingsiterminete so MBS} signaller winty to egliapsehtot shleorigarital sfstee tie aidonly achieve
thig ﬂalpﬁltﬁtﬁf?ﬁete-gtrh%tséhﬁ%et%n{é@ @otéug S??Q%;eaqggaéeoﬁgﬁﬁmm sceptical
i B BT o A T ot B e g et or

@bsality abdhtbe Betexriesf tinge. Far aday rotator or simlar to

'B v%lakela 6{

The indeterminacy of measurement can be overcome if we can use the non-collapsed state
as a binary digit'and either of the collapsed states as the other. Figure 2 show's}a source (S)
of entangled photons (pairs 1 and 2) as the communication channel. Distance between the
polarising modulator and the interferometer is indicated by the double break in the lines
showing the photon propagation. A non-destructive measurement®® of the photon state by an
interferometer set up (via polarising beam splitter, PBS) will distinguish the collapsed and

non-collapsed states.



bring theminto diagonal alignnment. To signal a binary
0 an entangl ed photon is sent via the conmunication
watmsnel248 Thi s achi eved by maki ng the di stant PCT/GB2005/004860
pol arising filter transparemt. At the interferoneter
t he incident photons are set with a destructive
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lnrgeﬂ&aﬂﬁe bropabilifled caicyRted iwaliSonB/ Nty dlightmadaigtians in the output signal
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WekblorRler SRAIRANSB IndeRMsOUr ce (A) we regenerate the
horizontal photon by entanglenment with another source9
(B) via PBS 2. For conveni ence source (B) has the sane
Aootkesr esvbodiroent tseieéoﬁ)ned ifatowt withi refgren¢eto Fignedr  pr oduct of

| H2> (del ayed) and source (B), an entangl ed verti cal
ghoton i's generated which therefore contai
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state vector so that interference can occur at the detector. Note the un-used horizontal

|cal ?Uﬁh that un- .

photons extant from the second PBS must be allowed to travel on in space untroubled least

entanglement is lost before detection.

To signal a binary 0 an entangled photon is sent via the communication channel A. This

achieved by making the distant polarising filter transparent. At the interferometer aspects of



To signal a binary 0 an entangl ed photon is sent via
t he communi cati on channel A. This achi eved by maki ng

wo bwedéeiant pol arising filter transparent. AtPCTIE6B2005/004860
interferoneter aspects ofthé incident photons (sources
A and B) conspire to give mninmal signal. Binary 1
dedupidentphelons Freurces A afd BISORSPIRIRaivePINITGhighel. ginary 1 accurs when
werfiteraabithetredfizénta br werticaIBl@tgdt@nentandiemdnt Brandntittedd.  On
detection the follow ng (ideal) probabilities and
hence signal strengths at the detector is noted: PO =
Ppidstertoniisfillomingr(ideainrgbatilitieg angihence ggnal ptyengths gia+dB =p
Bedfekiorisaoet:a ) +P(Vertical) In general PO Pi by
adj ust nrent of the phase d. A Faraday rotator can be
used on tpe orllzgrgr} ?erttcaﬁt put from PBS2, as anot her
option, td al e terfere wwth the second arm
t hr ough thep(nt ey Fdﬁ“e“t l In reality a several
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ideal: ems 1,08, o,f un- ent angl ed photons fromthe
sour ces, |W§€1—?€%L&pe fds+éyvezi nperfect path |engths
though it is aneasy matter to anplify the difference

. between these two signals to achieve discrimnation of
the binar¥ —s!’((lartrewtal)‘ﬂd’l(lémbdiht at the instant of
transm ssi on phgt,0 are.al r eady sentesat t
modul at or ~dhd;thes ététfﬁ‘r‘l );}i Cﬁaﬁbﬁ i7s| r%or
transmtted by ss;energy only th quantum state is
bei ng trangdniltetel® El +?8’§ thaf st hg state is not
bei ng copi ed| sa2the "no & ani Yy tﬁeor em does not
appl y10. A further nmethod of sending cl assical data
down a quantum channel as el aborated herein is to use
Begdnetah Bg é i ktyi asiiustmeeinh o they phasefo i Faradeyaniator icare beigised on the
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Depicted in Figure 4 is the energy level diagram for the atomic system. When the system is
energised from the ground state into state yw; which has a lifetime of 1, a photon y, is
produced. The system then is in state g, which has a lifetime of 1, which is considerably
shorter than state g,. On measurement of these photons we find that coincidence detection
will monitor two events separated by 1, seconds. The probability to detect a single particle is

given by (n detector efficiency):

{0l (e W e.0)0)



Consi der the apparatus, shown in Figure 5, due to

Fransonl4 : The source emts the photons Y1 and g2
wowbioeheanse then collimated by | enses L1 and L2P@nGBR(96/M04860

filtered (F1 and F2) so that only photons Y1 and g2

get through respectively. Half silvered mrrors M and

M2 al |l ow the photons to travel along |onger

Whieer the penarepppdgatonldpeattd cledtes @pprick iffoel tie a&umlstat@m> and is
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D2 coi nci dence det ectl n)zof.mtr,h we/sphotons is then
represented by: 12 = Wi ‘/’3 IV ("-2, t Do(r,

, o(r2, T) q) Ifthetlma offset wi ndow DT is
considerably greater than T2 then this figure tends to .
Gelsislenthejagparaiup shawpie Figee. 5. dre torfansen Grlhefsotreemits the photons

wdnu Qg @dlcmrhrert@érscot|.9\atea @b waleesl LQQ!G@ L, 8t & Merearaﬁl 4 19 that

B RRRY b b S0 o epteciiRly HeSikered rifoct B ane M iatow the
photane 1t travel hlong tongariinderfecence paths Lbendieciesmbetivelyt asrwellBE shorter

gdmisé?%naeztome&c@emaméadw tha phe interference paths
s (f This i s a Bell i nequal ity once

‘ aga| n ShOWI ng non Iocal effects: the phases 1 and F2
Catsidat firstplzec gigrial &tahe detentoraDsarair @ doimsitiente alatectios lof the two photons
i6 Hah rédkdsbMda bjie coi nci dence count. Intuitively this .
can be understood in the foll owi ng manner: when the
photons Y1 and g 2 are produced they are entangl ed and
share an unggert n h
det ecti on (gﬁzd ?eﬁgﬁ%gt?’ tet 2n%e IZ(E ‘g;ﬁyn %r];)o
interferometer) of (Tl + T2) for both photons as this
If the time offset winpeme Abfs qopwidesab geatsr thand- fen thisdigwiettenglp to zero as is
tbrmaas(woeénemn)mseﬁ:oh Iaaetrfeiglﬁdreqoﬂnmrbmﬂacmbhdmggu@dtmm efhd L, and

HELEGHS, L oL 16> SEEORACRUONE IR B NS hor L er

rnter ereﬁ)ce pat h

such as L2 W || sqre th slch e in the coherence
Iength of the \We(vefg '/fsgtén'em?f)the schene of

ranso sgtldgrL %ﬁlg:jogl rive gheha%r{cm cepqg}l?lob\l\?wegpq%%?tﬁ (ZB‘O?n n|512 in this
%ﬁmewammetlntmr@m pathsaasi on of wavepackets the

apparatus shown in Fig ie 6 is not ed: The protocol once
again is that a bingry ggrQogz prlesented by the act

of no nodul ation (M “and Bi nary on by col | apse of the
Thisiist Bedirefuaiityt anoe agaii si@aing Yibndnod affgcts: Tthe prasekufPatiod O set at
sfaskeaﬁzé Ml ére%sfamn?o%s@%o,ﬁ offfid fh@%fﬁmﬁéﬁ‘dgk&fnt mmef Acan

Kerr or Pockels ce arrangenen
qed‘ﬁ‘a%’ Btoed irfhe fpllowipg, apner: twm%%m@gﬁ Yt fRd vz are PFOUUCEd they are
entahgled eandnetiber an Tineerlainfyetni tree Gihd t dpaces & othel dateatiad, (@ hence

nl\térféré??g %ﬁt&x? @%ntint@rférsrﬁagrj) Bf (tr1i +r]}?) fBMoW%t’o'ﬁQ €s this is the lifetime of

I nter
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To implement the scheme of sending classical binary digits down a quantum channel as set
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apparatus shown in Figure 6 is noted:



Once again setting the source equidistant between

interferoneter and nodul ator, no information exists
w@eaioenes2a8 t he nodul at or preventing man-in-t he-PiTIAB2005/004860

attacks. The col | apse of th& wavefunction and change

in the interference I ength by the nmeasurenent of the

FB# BTCRED onpesagaiy i Eat @ inamy zemds fepteaentas kyrtee agt ohiea inpdulatian (M

bhebisag 6|ﬁkdb)pcﬂiﬂ§ds§ |oethe ot %fle&d’rﬁf&ﬁodt\ﬁeeﬁ g1 ar\dpyzsmhmgcﬂ%ior is an

38{0 ef@r%uég ?? alg Iro\r;lé: s}c'i'un ere Tr%ee?éorqwcae err g{]@o e rreihafrﬂwement The
- piégme t5§°’igﬁf trax theuransit @mﬂhroe@romthqrcm%en Thedlifdtiereatf ¢e) second

AtalRY.Sé RAYdr hab@eltrAsinrthid lgHihaiRRAbroeieng t WO

interferoneters and nodul ators depicted in figure 2 a

full duplex quantum channel can be set up. This

Onemmedin ssttise e sowrga aquitistantabetiveen: Interisfotates artit molidtor, no

PEFAMBE ek phé}ftQ ﬁﬂm%d&l}to? B}e)éerﬁ‘ K!t; $af-irthe MRICHERMTAd Efapse

t he channe measur ement woul d

fr‘hF afFEpRn \ﬁﬁeecf"%/!"r%t ik dﬂe |’1§%§§‘(ﬁ9§9 Ginel 'Pyaﬂﬁorﬁ?%feg@”t of the
wothdaterris reffectesiin dreeinterfebmétedctivdien therseent! ppltiais antederghde is set
Mkplélué’n Yig! i;.':lvrcﬁl rﬁanlﬁﬂcﬁnhspl{snﬁﬁr %wﬁrhﬁeglgrﬂaz nt?'n ﬁ)pg{cji?%ructlve

%Eot ons_woul ercei ved

regaeL Y %fé’eﬁﬂ ef%‘é'"d'i'%m%%gf@éﬁcmwwterference)

transmtting stations was well known, tapping into the

g%},yg@g%qgugﬁgg dhgm{gps& ve obvi ous disruption and

signal transm ssion [0ss; nonitoring would catch this
breach of security. Net her - t he- | ess further measures

Qsiny tye inetdeomzgers aid eHLGEORDdePiciaGH fdurd 28 AMMIUPBR§ENtum channel
#aﬁ%t &t %%3 ng Q%?q'nrr\glsllg% chQ% a%%‘?nmgrl in -Fna r'ghtﬁ?q%&%ckg’gbecause the

Pance
'BfPEﬁ‘EﬁJ%‘ES”'Y ﬁx'ﬁfﬁtaé H’@j%f&mﬁ@s Phtha @B%{@k 3y xoupehgraat measurement

veduliLidollapsé lne Wavéfﬂlﬁctlohl |Ida?]|ﬁg5 By Fhnddri? haibe rcbﬂerérﬁlq'\e@gdrgﬂent without
n_the

G e CHIES R0 LE Bebd ot Bhes B e D S Protons i
beyrereaived.olb theo ptage denath enpid bee gagssed deqruse fhej distavs bedteen the

transikth @ Statidnt Wak W@II Fn%ftvﬁ Qdelrﬁﬁrﬁg tHa@h¥nnf wduRBead to massive obvious
domain reflection

SRR o) b RRE o\ e Giaist o ARG B esr A Soprty
secure docking procedure would do this. A further

m&% 166 leFl@r rﬁéé%br%@tcbr%b RYad tgﬁnt?d?j{]g%és phas (?ar!dgrqq}\gse length

eavesdro
o B &S @it e Tae e i SR tecieblen Pt Bpiapewould be machine
pnasidcedait imafthed sdimrc e bladit baxatpadpefto reEqU|r79\(kp)e(na¢dJltfasound terahertz

r%&ﬂﬁwc?qgﬁm t@{t%‘/ﬁagé in eﬁnelpbﬁhég% F(ﬁmhlhtn qmg\!v% h ITl‘%ngth A

hanne e e ran
SP@Wat Sol I (o bevis desioy appRatuRrifghigas @aﬁgtsnrtwagtoub@ porrect
nagbiesry e théuhnmammac@rwnmemlsayltm weHhisl r&:&&@ﬁt é'tﬁuplment to

channe
o5 el Bl U A S LEREE BRet b BB E LT e o
far from easy task. Al though the channel |s guantumin
Aaitbéreaspidt df&heb@Ldt&ncuwS@)dmtél féﬁ&dn?@hés\é @ﬁgﬂdlde@cebwbad rBét if the
t he _conven

oBRb i M g g1 DI Aranal I P, e moduitor

distance but not before. A penodlc acknowledge-protocol within the permitted time frame of

the channel phase length and the random phase length would ascertain that the wrong length
has been inserted. Sub-nanosecond resolution would have the resolution to down to
centimetres in a total channel length that could be kilometres. Phase lock would be a far from

easy task.
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If there is any sense in the concept, probability is conserved and would obey the continuity
equation:
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Where the probability current density j is derived on application of the Schrédinger equation to

the above relations as:
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Simultaneity in Space, Simultaneity in Time

The Lorentz Transform can be understood to have terms amounting to the transit time of light

signals:
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Ihastaesibridge theigep Petivien BapladsrbMRE Quinien wbriis Sextttdokaiedde our mind
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edudssiscal nechanics, thus the ray equation or the
Ham | t on- Jacobi

fsp% below the

Solving the Schrédinger Equation for a single particle in three dimensions we obtain an

approximation:

y = Fe’ Eqn. 4



Equati ons: Solving the Schrdi nger Equation for a
single particle in three di nensions we obtain an
wappsosdzmat i on: -' Ay = Fe' Eqn. 4Wiere the pheB6B2005804860
a real function of co-ordin&tes that will be
identified with the classical action and F is a real
WiheredhppPhaRe Aum 8 t¢3 AInFliea b edrerdirpted that pilkde idantified yith e classical
savah bS8 aéal Br stedplex fumpticn ilepergiest of tim4 IS & the Stibiinedsof h very
0 I ;o ) .
ng'd%Pgr‘#ag ﬁg?ea%g%t V{g mffp%cgnbrf ﬁ\gp grgfﬁhdl%(%\‘é?seg&% t%ec‘fl?vgfﬁerCtlon far
Puryi Y thenpath foé desst am'en d@@&yytﬁgw rdtdeeansagiyinghthgfnogion of a
chs3rslipatmlin Palifiti Subétidion bfreqliatio®d sthe BeHrédMyePEquatingidiaan
4 in the Schrodi nger Equation yields: dA dF Bd A JdFL
hv=0Egn. 52mV "' dt \ 2ml| { dx dx dy dy dz dz
2m By decreeing classical mechanics and letting h O
hi_ g yaliehty . Qaea %I@fén@r@]m_q 10, 7 eEgn. 5
the’WAgnégﬂ]yhdz@Flgve%qt MQ?\%rﬁmﬁmutazyaz dinn% Pozorzn ve'
dt Eqn. 6 Which on the assunption that the wave is
nmonochromatic and that: A(x,y,z,t)=S(x,y,z)-hi4 = S-Et-
dSideig| énagsvcmnécﬂarﬁ&@hl n@tﬂngfihmz@ vdnaik Reqaivdiet 1 Q'fe WdlRlength

@pam | t on-Jagpobi t he quantum effects
ST SR B 3 SHRL TR AR ASE vt ey

f eat herbedded by the jdea,of asparticle in space being
represented as a wav e“k)é’ﬁ 6de conposition isgqn 6

gi ven by the spectral "Fouri er coeff| cients. This

appl i es when the particle has been neasured and its

\yhish 6ri the ags0ohptamItiEs thewabais Imonochzonmetic edthatange gover ned

by the Uncertainty Principle such that a wave packet
results. The situatiAdnyizt)$$gwa-#vinval i dates this

wave packet view point becasse:the wavefunction is

Oh ¥estiidyonan squUaGsH Ewe obiaY & forrd lokthe Hamied-ecebi B astivh:ement .

It is only after detection that we ascribe position

and nomentumto a pal Mggi/mgt. Really it is the
wavefunction that travel hrough space, furthernore

in f| gure 4 the wavef unction conspires with-all the

éj vvays rs S etffh éar(égn Sa\éattof(ﬁ)/%ggaa gwroag? lPu([)‘tlhgr f%?tg r%edg?d by
tomigea ofre Paﬂlt?'e craﬁpage beipg sapresented ak erveave Ipgeket whose gcomposition is

ﬁ'bz Ehets‘ée&ﬁpkdﬁngx&aml&té’ F59Q rzapﬁl@s htn thB@akias i seh M:3sured
tn? tusaemﬁucevegl\/@'éeyce%’mnl
SRe P2l et AP EEARRE SR g SRtsed dY & \reegaidy Principle
sueathat & weve packet results. The situation in figure 7 invalidates this wave packet view
point because the wavefunction is given by a spherical wave, e™*'/r before measurement. It is

only after detection that we ascribe position and momentum to a particle concept.

Really it is the wavefunction that travels through space, furthermore in figure 4 the

wavefunction corispires with all the detectors such that conservation of probability is always

true: if one photon is measured at one place at one time, it can'be measured nowhere eise. It
is easier to apply Occam’s razor to all the formulations of this measurement problem such as
the Many Worlds, Advanced-Retarded Waves (the pre-cognisance of the measurement -
even information travelling backwards in time from the future!) and admit in all simplicity that
all the detectors have been superluminally connected by the wavefunction with passage of

information such that only one photon per instant is measured.



even information travelling backwards in tinme fromthe
future!) and admt in all sinplicity that all the

walzeoé«ans have been superlum nally connect ed BYI/GB2005/004860
wavef unct i on vvith passage @9 information such t hat

nly one per |ns ant asur ed
RoFaRRi Rbrihe RBMhah et HUY qUSAIT, e AR oaingciassical
ppgTaois. I Clagpical msshiatied wengervartiuc sonckfita oC$pass amxatime, though we
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aﬁ%ﬁﬁg 'rfgéﬁx\sﬁ A ’Eﬁc“tsﬁ%!"%é gﬁb&%"i WK FHRINef claBigaly such as
@rrepagretisni BLpegconeudtigly, he shapes obmolpiutes| adete $Hapds afarystals and
REYRIAR ¥R BB e s E}Jh@%ﬁ fRl!y such as ferromagnetism

superconducti vity, apes of nol ecul es and the

shapes of crystals and we should admt the sane for

Qpsntien Redlint2: Mie MEAsarziment ARstadm snt RecoAdrencheasur enent

Probl em and Decoherence Quantum Mechanics is a

description of nature and equation 1 should al ways be

Prapaim Megkapics s dercantieh of MAlERN3N ﬁ@uaé%ﬂe?holﬂﬁt%wﬁyﬁ be true.

Bd)\/@ﬁélsﬁﬁdsereﬁfentt ROwWIRRSSIERAEIRD 0Rjenttate oA rﬁé‘é%bl@ﬁféntaoperator
ﬁ%abl I|t a{)pwt{ﬁjhus state == M\y) J(y\ M' M\y

S"SL"($ “This is the measurenent problem a
non unitary change fromthe Schrdi nger equation to the
above. Schrdi nger highlight eqh t”;} s in his fanous cat
par adox where he showddean C quantum event
getting entangl ed with tth%f%‘r’Bedﬁgl C measur ement
equi pnent to magnify this obviously non-cl assi cal '
behavi our to absurd prgpontign Tlr-}e result was that
the cat was left in a?sSup os‘i{“ﬂd" of the dead and
alive states to be coll apsed by when and by whon? Sone
s is Ive masdresen piobien: g penunitérdy shdnge ifrom hesSohvediagdBaiquaten to the
:ﬁg&g’l %%ﬁﬂﬁért Mérﬁ&ﬂ@&‘hrﬂg%ﬂ h‘snFaﬁ{ogg %Efibérg&bx Wﬁéréq\e showed a

m nd- body/ consci olsness effects coll apsing
HEFeRIORIR GHFHN EY%EQWW‘VBQ'F%W@‘ tPﬁf"@F'ﬁ?@P'ﬁt"Teéﬂ"%Pe"t equipment
tachsanityanis paticus edn vyl laamdwquammnsmmmodetme Mgt vas that
r.dai K &qtpviig
th@c%ag Il'bftng%ﬁerﬁtﬂl&:mgf nﬁg 8‘?32 aqgl an/%%ta{“ SHSE 86;\ ib|¥ V\Zl%a and

t?!{d‘t Pﬁ‘@ what peopl e are actual I y seeing in thei r
attenpts to construct quantum corrputersll and the

#%m{(f +f tHé tg%lo%gp mg| g%r‘?loﬂé rf}gmptles %ve% ﬁr% Com&emen?ant (Copenhagen

ate to ex
lpiﬁ@tﬂtaé'ﬁm |V@'r@éﬁﬂﬂ'ﬂ@ﬂt’?@ém%é@ﬁ)ﬁﬂfﬁcti@"wgé@n\ﬂ’?V&fUnt@nathG Many

wénd[aaﬁteabae&ae.aﬁ 8r ddVesel/rdtardddRavBS bt GllaRiiRHup&HdeRrHER in which
everﬁs n tW‘e pre- orgamed future affect the present. Applying Occam’'s Razor to this once
again and noting what ‘people are actually seeing in their attempts to construct quantum
computers'! and the difficulty of maintaining pure states, the most likely, sane candidate. to

explain the measurement problem is Decoherence Theory12 3

The central tenant of Decoherence Theory is the entanglement of a pure state with the

_environment and the calculation of the reduced density matrix

W)= a|0)+a1)



envi ronnment and the cal cul ati on of the reduced density
matrix ) o|q)+ ,|l)for the systemfromthe

wayBbesrenvi ronnent density matri x. Starting WATIGB2005/004860
sinpl e case, consider a cl@esed two-state system
escri bed the follow ng st i n two-di nensi ona
o8t v S o e v dermputnSt B Tuke Sstprigtyon aimple case,
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1-10)(I| +0 " al]l)(o] # ] I'|2]1)(I] and the density
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BARAR bl 12 of RE SR GlllikSheldiyGhidier state, the

agona conponents the 1 nterference between the
states. The expe tation of any observabl e represented
by an oper at or A ¥) Iglven by the trace.over the
product of the density and operator matrices: (y\A\y)
Tr{pA) = P m AneT#e system cannot exist in isolation

and through uni paayf|@{op aeioxm+bgofpss Bnajangl ed with

the environnent represented by states.|eo> and | i>

which are in ggma@ahm@g@nprthogonal On taklng th%
tensor product, the densi t[y matrli becones: =

0 ;[0)(r)| bo) [dIEk (ollm)]t 5l o ot 1 1) (r) |,I .)(OI
(r)(O|+|||1><S>| l‘ill<><||npr|n(:|ple

t Kk h ta ronment. and
e, SPBPE Rl BB oRel B e R ek e e of
dirgpinalameonents thet intedarence Hemdeibe sta®st Thegaweatation of any observable

* RPAEErRIINBNEN Q@ébt@r ﬂqg%géﬁ bl ng?trjirégov(%ggme pr?Jugt !;('!Stﬁg density and

@eﬁ?%”%mfﬁ% reduced density matri x of the two- st ate
systemis given by: hence p(t) = 0| 210) (O |1 + aoa cos

g\O (I |+aa ' a co C | 21 1)l | Eqgn.
8Conparing this w ﬁﬁﬁm R %/(pvkﬁgﬁ%r”he nodi fication to

t he coherence terns. The environnental states e0 and
Breisysted calreirsastve solatial andrtgrouwdht dnithry reRolatiofl batdhisd dnbigled with

tﬁ@gﬁ\ﬁrgﬁmpkpresented by states |e;> and |e;> which are in general non-orthogonal. On
taking the tensor product, the density matrix becomes: '

/B(t)=laomO)@leoxOI@(‘%I + @, |0)®le, )(1|® (e |
+ a5 |1) ®|e, 0| ® (e | A CARVLIENCIEICY

In principle we cannot know the state of the environment and so we are left taking the
reduced density matrix with the environmental states traced out. Orthogonal environment

basis vectors |e;> and [eo'> are used thus:-

<eol |e0>=0, (e, le,)=cos¥, <eol |eo>=sin¢9

The reduced density matrix of the two-state system is given by:

Ps (t)=TrEp(t)= <eo |p(t)|e0>+<eoi |p(t)| e(;L>
hence

Ae)=|ao)’|0)0] + o] cos ] 01|+ g, cos O]1)0]+ e, |*[1)(1]

Eqgn. 8



is truly vast with many energy states, e0 and e-i wl|
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B¢ried 2f qﬂﬁé orpweﬁéncsnfseaaP sfaffels BunclpLolamenycvasaiies; sueh A (ki---kw,
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irfinite pateptial theayayefueaien feuenesiaficleds' t i ne. Thus after a
short tinme our environnmental states become orthogona
and our density matri nds to: That is, a
statistical nixtpyre of byp@istat®s, w Fhno
super posi tion. Th&*whotke deMS|tybnatrux evolves in a
unitary manner but it is the act of taking the reduced

i ch concerns, .ou ten1 hat

Fiedieniie of Yoo SR ARETEaEH s HEoSath ahndo iy o two.
pAtitegd.2: By the time we open the box, Schrodinger's Cat
is already dead or still alive. Alarge statistica
sanpl e of such experineg@§ﬁﬁgﬂéd5 give the results of
the reduced density mat We can't say which cat
will live or die but only predict statistics exactly

%ltmlluxctkﬁs érg %rtlpd'ggpé?bla{tlhé Mbé%gﬂ\eﬂ'ﬂal ?elaxatlonI effects will make

I'ti-particle problémin classical statistica
%%EW%%F%@?“Eﬂ%@NU?ion Ve have discussed a superl unina
comuni cation/encryption schene. The ' Quantum

ﬁ%& %ﬁér ﬂh%rt tlmoolﬁg Qn\}?rUﬁ nltJ]fstg{eg%[eéo% cﬂ'ﬁ]lg J?\? érﬁ%upgens matrix
gy 3 T ought

mass-energy Is real and engi neering use
eefsie considered. It seems another trick has been
squeezed out of nature simlar to the amazenent a

century ago that greéledrot H0MeXl, Hertz, Marcon

and Logi e Baird discoveries of sendlng.infornation,_ _
Hskisch statiicglineixtuiecd phigGtaiesi Wihynof superpesitionnthet \Iﬂi@legﬂ%ﬁél matrix
leBIlvéd MO unigdry Alafnd? dudytas &Rl &Qd)f fﬁkﬁw@tth@ PdHubel R&deV ® that which
RBP4 R Rent B5pis PR crance.
Byibe tyye wgomdnéhejmxe‘éthodmaerb&@hlstamm deay] or ﬁMVQ‘] @ large statistical

ééﬁ(pl@%@%uch &i’n%n%"\ﬂéﬂggl\?é"fﬁé Y&UOH th@Fe@§c§aB‘UeﬂQty'rﬁatr§<nWe can't
svén? whmp%at Wlﬁ |veI gr d?e but only predict statistics exactly analogously to the probability

space of a multi-particle problem in classical statistical mechanics.

Conclusion

We have - discussed a superluminal communication/encryption scheme. The ‘Quantum
Potential® though pure information and having no mass-energy is real and engineering uses
for it ought to be considered. It seems another trick has been squeezed out of nature similar
to the amazement a century ago that greeted the Maxwell, Hertz, Marconi and Logie Baird
discoveries of sending information, speech and pictures incredibly fast around the globe.
Zeilinger et al®® have talked about non-invasive measurements where X-rays could be used

to image a source without actually (in the limit) imparting energy to the object — a boon to
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. In preferred embodiments of the invention, the particles emitted by the information particle

source are photons.

The polarising filter 2 is a filter that allows photons having a particular direction of polarisation
to pass. The polarising filter 2 is adapted to be placed in a first position, in which the first
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A half-silvered mirror or another suitable device (not shown) is provided near the detectors to
allow particles that have travelled along either of the paths to approach the detectors from the

same direction.



direction of polarisation rotated by p/4 (i.e. 45) and

a particle travelling along the second path has its
wal2menéa2em of pol arisation rotated by -p/4 (i .BCT/6BABF/004860

AI ternatively a single Faraday rotator may be | ocat ed

that a particle travelli the first path has
T'Tesp?ﬂ"i” 'P@Etf'r‘if@ &f p'ﬁ:‘iﬂ"aﬁ“?@'&t"@é% trootfc‘)%g'@cﬁmBVOE Raticl source than the
tdwatn §his ®@)e pattideainforrsatibv equses rifheredore, dy traertiehtse second particle in
%Hh g&%g Q?P’ea&f‘e (tﬁbo&etgtlib(?‘ynone 'fl%t E‘é!rﬁbYé SRk masteh% plnged on
g ow particles T

ctor have travel
br pPRaysingrfitenve aﬁ%ﬁwetd&%'ﬁb Pb%?é%’i‘si’tﬁé ohibe dest Bricls indhs P%re@"d
meaRrdl bisehikisodond pertigeinahe saim gad beeb detednined, @ltiackret particle of the

rt.ﬁc%h Iiryha Ib ;‘?‘a% eottﬂ ngrlé ffﬁ’t rn?tahcpme% éétb& de?é?ggt%ﬁ of the first
? an ahe %e?ec%o @ E ?

RARFECRE &he PRif SpeRe rbée” wer Wh’éd i C*i F?ée é*@d’dfﬁ%tl% af EQ'%“IS@'OP 9f the
SR61Y wde ml tﬂe [pair lin aRacMREmhiRgte dBieeprbgesHof 4 hertitie rtlSrbugh the
(Pe? c%on arr%n e en e|91e éasg%ﬁ ngwtb Sns g}%dnged on the

Ao 14 o F g

I'rection of
polarlsatlon of the flrst partlcle in the pair (and,

ihhes ebay emeral tﬁ@ dtrb&loﬁwcpeanmrt bt the ﬂ)aﬁ\tldeh emmag ra} theAGetection

en de rst..par C
R e
shiittep dtand e ofreqtrsd %l@ngstmembthe(ﬂrms hiethe Fietsmtwparrang@mento'f deprading
Eﬁh Ehe%ﬁalr&Ectlgﬁ Qﬂpdﬂa@fsﬁbm\Nﬁ@hevérrM WBipshs ﬁw@%@rﬂ&l@% directed along,
%

garbéﬁ \fnp Iarrr]'lv%lgts lar?J (Z%t ?e:a‘ bﬁatf‘% Qetﬁ(g%ge?ng é :éréva ?f%lée particle will

asd the daedtdnScugrhdide@ndptregietecagnalr r angenent 3 ei t her
case wWll now be considered. In the case where the
direction of polarisation of theﬁgartl cle arrivin

it et wbere 18 SHepion SR Rt ok FeBBRe ARV Ee N Mederbiganas no
hean tdetkreingd, | it wilabs unherstogth tah ehep phrdicle swilhde bie aamsuperposition of

p%%lrié%xgr? taf&sa'a)ql m:pn%h ﬁ@%ﬁqgglpglg&uﬁ;nﬁeaq sw&@r ﬁ‘r gspoﬁfon ?f the

etection ar upon
vRvefapatiphpf dhe paftialei @ﬂ??ﬂ?ﬂd'”W\Fﬁ é'}?e%rFC'%fhav'We tfgfat‘ ﬁs dtf?Févon of
| forridtioh @il e dlicced tahthg aheofirgt, pdtmeannarmm@r @ottibrh lof e ravefunction
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hg,pgrl?grgaoaﬁﬂ fvaﬁ%gm{l;ogqs?thr%oaa?et anB% the rl firs an‘a second paths pass
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wavef uncti on the particle correspondi ng
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econd rection o ari sat
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the first position when the other particle of the pair reached the polarising filter) and an
incoming particle whose direction of polarisation has not been determined (if the polarising
filter 2 has been bypassed by the other particle of the particle pair). In the first case, a particle
will be detected by the detector 5, and in the second case no particle will be detected.
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A further pofarising beam splitter 11 is also provided on the first path. In the present example,
the detection arrangement 9 is configured so that particles having a horizontal direction of
polarisation are directed along the first path (with particles having a vertical direction of
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6. A detection arrangement according to Claim 2 or 3, wherein first and second rotator
arrangements are provided on the first and second paths respectively and are operable to

alter the direction of polarisation of polarised particles passing along the paths.

7. A detection arrangement according to Claim 6, wherein the rotator arrangements are
operable to alter the directions of polarisation of the particles so that the difference between

the directions of polarisation of particles passing along the paths is altered by 90°.

8. - A detection arrangement according to Claim 2 or 3, wherein the manipulation

arrangement comprises a manipulation particle source that is arranged to emit particles in
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and sg£eRPdRREN St a HREIEIREE TAELHIRNBENYEdrigREd only to allow particles
having a certain value of the parameter to pass therethrough; and

a detection arrangement provided at a second location, the detection arrangement
being operable to distinguish between an incident particle having a determined value of the

parameter and an incident particle in a superposition of values of the particle.



destructive at the detector so no particle will be
detected by the detector. 13. A detection arrangenent
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particle in a pair being emtted towards a second
| ocation; a filter provided at the first |ocation, the
Hi |t en tmeirmg;ionovmtmiseiorbeirmmeah acdordirayt fo Claim 20, wherein the

information particle source comprises a sample of a material having at least a three-level
atomic structure, one of the particles of a particle pair being emitted as an electron moves
from a first level to a second level within the structure and the other one of the particles of the

particle pair being emitted as the electron moves from the second level to a third level within

the structure.

22. An information transmission arrangement according to Claim 20 or 21, wherein the
detection arrangement comprises:

a splitter; and



position, in which the one particle in each particle
pair is absorbed by the filter, and an offpath
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28. A method for detecting particles comprising the steps of:
providing a detection arrangement according to any one of claims 1 to 13; and

directing an incoming particle into the detection arrangement.

29. A method for transmitting information comprising the steps of:
providing a filter configured only to allow partlcles having a certain value of a

parameter to pass therethrough;



information particle source to the filter pass

t heret hrough and the other of the path | ength nodul es
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information particle sourcéto the detection
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33. A method according to Claim 31 or 32, wherein the step of providing a detection
arrangement comprises providing: '

a splitter; and

a detector, first and second paths being defined between the splitter and the detector,
a path length of the first path being longer than a bath length of the second path, the
arrangement being such that, if a particle impinges on the éplitter and a wavefunction of the

particle is directed along both the first and second paths, the portions of the wavefunction that
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operable to emt particle pairs, one particle in each
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particle in each pair being3directed towards the
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transmitting a confi rmation SIgnaI o the Iocatlon of the second detection arrangement

and the first filter within a pre-set length of time after receiving the information.

39. A method according to any one of claims 29 to 38, comprising the step of transmitting

encrypted information.

40. A method for transmitting information comprising the steps of:

providing a filter operable to act on a particle;

providing an information particle source operable to emit particle pairs, the
wavefunctions of the particles of the particle pair being entangled with one another, one
particle in each pair being directed towards a detection arrangement and the other particle in

each pair being directed towards the filter, the detection arrangement being operable to
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further conprising the steps of: receiving, at the

| ocation of the first detection arrangenent and the

second filter, information fromthe |ocation of the

second detection arrangenent and the first filter; and

transmtting a confirmation signal to the |ocation of

the second detection arrangenent and the first filter

within a pre-set length of tinme after receiving the

information. 39. A nethod according to any one of

claims 29 to 38, conprising the step of transmtting

encrypted information. 40. A nethod for transmtting

i nformati on conprising the steps of: providing a

filter operable to act on a particle; providing an

information particle source operable to emt particle

pairs, the wavefunctions of the particles of the

particle pair being entangled with one another, one

particle i.n each pair being directed towards a

detection arrangenent and the other particle in each

pair being directed towards the filter, the detection

arrangenment bei ng operabl e todistinguish between one

particle of a particle pair when the other particle of

the particle pair has been acted on by the filter and

one particle of a particle pair when the other

particle of the particle pair has not been acted on by
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position, in which the one particle in each particle

pair passes though the filter, to transmt a first

binary state to the detector, and an of fpath position,

in which the one particle in each particle pair does

not pass though the filter, to transmt a second

binary state to the detector. '



