1 This invention relates to a detection arrangenent and
an information transm ssion arrangenent, and in
particular to an information transm ssion arrangenent
for allowng efficient comrunication of information
Swifter transm ssion of information is desirable in

many fields of technology. The ability to transmt
information securely is also of great inportance in

many fields, in particular bbnklng transacti ons

bet ween clearing banks The paper "pol arization
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S Phrie dsBéct BEthB @redsdt HVEBEhNIRoviHeE &F tnfétation transmission arrangement
comprising: an information particle source; a filter provided at a first location, the filter
being configured only to allow particles having a certain value of a parameter to pass
therethrough; and a detection arrangement provided at a second location, the detection
arrangement comprising a splitter, a detector, first and second paths being defined
between the splitter and the detector and the splitter being arranged to direct an




2 incomng information particle along the first or
second path dependi ng upon the value of a paraneter of
the incom ng particle; and a mani pul ati on arrangenent

| ocated on at |east one of the first and second paths,
characterised by the information particle source being
configured to emt particle pairs, so that a first
particle in the particle pair_is emtted in a first
direction, towards the filter? and a second particle in
the second particle pair is emtted in a second
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they may interfere with a portion of
Conveniently, first and second rotator arrangements are provided on the first and
second paths respectively and are operable to alter the direction of polarization of

polarized particles passing along the paths.

Advantageously, the rotator arrangements are operable to alter the directions of
polarization of the particles so that the difference between the directions of polarization

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



a particle wavefunction passing along the first path,
to give a resultant wavefunction that has at |east a
conmponent having a direction of polarization
approximately equal to that of a portion of a particle
wavefunction directed along the second path by the
polarizing splitter. Preferably, the manipulation
arrangenent further conprises_a further polarizing
splitter |ocated on the first path and arranged to
direct an inconmng particle towards the detector or in
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position, In
particle will be detected by the detector.

Advantageously, if a particle having a singte value of the parameter impinges on the
polarizing splitter and is directed along either the first path or the second path, the
particle will be directed to the detector for detection thereby

Convenigntly, the parameter is the direction of polarization of a particle, and the filter is

a polarizing filter.




the one particle in each particle pair does not pass
though the filter Preferably, the particles emtted by
the information particle source are nmatter particles.
Conveniently, the information particle source conprises
a sanple of a material having at |east a three-|evel
atom c structure, one of the particles of a particle
pair being emtted as an el ectron noves froma first

| evel to a second level withifh the structure and the
ot her one of the particles of the particle pair being
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aspect of the present invention provides an arrangenent
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Advantagecusly, a pair of path length medules are provided, each of the path length
modules having an input and an cutput and defining a path length therebetween, the
path lengths of the path length modules being substantially identical to one another and
hidden from an observer of the path length modules, one of the path length modules
being placed so that particles travelling from the information particle source to the filter

pass therethrough and the other of the path length modules being placed so that




arrangenent. Anot her aspect of the present invention
provides a nmethod for transmtting information,
conprising the steps of: providing a filter at a first

| ocation, the filter being configured only to allow
particles having a certain value of a paraneter to pass
t heret hrough; providing a detection arrangenent
conprising a splitter, a detector, first and second
pat hs bei ng defi ned between the detector and the
splitter being arranged to direct an incom ng
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direction, towards the filter, and the other particle

in each pair being emtted in second direction,
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nodul es bej ng
an-path position,”in which the one particle in each particle pair passes though the filter,

and an off-path position, in which the one particle In each particle pair does not pass
though the filter; wherein the detection arrangement is 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




substantially identical to one another and hi dden from
an observer of the path I ength nodules; and arrangi ng
the path length nodul es so that particles travelling
fromthe information particle source to the filter
pass through one of the nodul es and particles
travelling fromthe information particle source to the
detection arrangenent pass through the other of the
nodul es Preferably, the nmethod further conprises the
step of providing a second filter and a second
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present 1 nvention; Figure 3 is a schematic view of a
second i nformation transm ssion arrangenent enbodyi ng
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is a schematic |ayout of a physically secure quantum

c hisvaetiageously, the method further comprises the steps of: receiving, at the location of

the first detection arrangement and the second filter, information from the location of
the second detection arrangement and the first filter; and transmitting a confirmation
signal to the location of the second detection arrangement and the first filter within a
pre-set length of time after receiving the information.

Preferably, the method comprises the step of transmitting encrypted information.




Figure 8 is a schematic diagram of a source of
spherical ly-distributed particles; Figure 9 shows a
schematic view of the conponents of a del ayed-choi ce
interference experinment; Figures 10a to 10c show

di agrans assisting in the exgl anati on of
interaction-free neasurenent by repeated coherent
interrogation; and Figure 11 shows two space-tine

di agranms of nearly sinmultaneous events using two
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cl assical, objective properties and Special Relativity
to be obeyed Thus QM was seen as inconplete requiring
hi dden variables nuch as in a classical coin split
down the m ddl e and conceal ed in two bl ack-boxes: one
di stant observer revealing 'heads' would know that the
ot her distant observer had 'tails' the system already
had a state that the neasurenent sinply reveal ed O her
nmeasur enent paradoxes such as' Schrddi nger's Cat'
hi ghl i ght ed deep phi |l osophi cal problens too. 8 The way
out of this quandary according to Bohr' and the
principle of Conplenentarity (or Copenhagen
Interpretation) was that one should not speak of
unnmeasured quantities as though they exist
classically; we can only neasure conplenentary pairs of
observabl es that commute, thus Px and Y or Py and X
but not Px and X or Py or Y. Aspects of neasurenent



seemto conpl enment each other and indeed place the
systemin the state permtted by the neasurenent. A
glib rephrasing of this in a staunchly | ogica
positivist frane is that nothing exists unless it is
measured. Thus the EPR argusent was m sguided, in this
vi ewpoi nt the neasured values did not exist prior to
nERAGr 2ive sthematt vidveaf en #rpamios exingsd sterciy sustemed higure 4;

i nformation superlum nall y vvhen the act of measur enent
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cleassimetl footing wth addition of this device.
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sinmplified EPR arrangenent to test the predications of
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el ations In urements over -space-
| PRPAFARSS greater than the classical case Figure 1
shows the essence of the setup where an entangl ed
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detectors DH and Dv: E(1, 2) = PHH(1, 2) + PwW(1, 2) -

PHV(1, 2) - PvH(1, 2) The,Bell inequality is conpyed,
where the prines donateﬂlig-éwPngﬂ)at di fferent angles:
E(12)+E(1'2)+E(1' .. E(1,2') 1 =2 Eqgn 3
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| H@dﬂ%pertlcyas 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 cne
of the particles would cause a ‘collapse of the wavefunction’ thus seeming fo 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.




is violated yielding: | E(1,2) + E(1',2') + E(1',2) -
E(1,2") = 2v2 Alain Aspects et al perforned this and
beyond nost people's reasonabl e doubt it is known that
a posteriori correlations could be discerned to have
occurred between photon paig states on neasurenents
Newer experinents over distances of up to 10km seemto
make the space-like separation blunt It is currently
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alignnent To signal a binary 0 an entangl ed photon is
sent via the communication channel. This achi eved by

maki ng the distant poI ar| §i Iter tr nspar ent
the interferometer tReli G%Ht" jp*ﬂgt)&fﬁé are set vﬁqﬁ2
destructive interference l'ength to give mninmal

signal.. Binary 1 occurs when the filter is either

hori zontal or vertical such that un- _
A coincidence monitar, CM can compute the expectation value of the signals at the detectors

Dy and By:
E(1, 2) = Puu(1, 2) + Pu(1, 2) - Pl 1. 2) ~ Pun(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:



entangl enment is transmtted and maxi num si gnal occurs
at the detector because there is no destructive
interference. Note that the interferoneter is at a
greater distance fromthe source than the nodul ator.
In reality a several factorg will make the
probabilities deviate fromthe ideal: em ssion of un-
ent angl ed photons fromthe sources, inperfect optics
and igyper eﬁ}fq,ﬁpg_f:h/z&o@mt-lag t hughe g, 4)s p,an 2p28YinY@L-bgr
to anplify the difference between these two signals to
achieve discrimnation of the binary states. Note that
at Where 8§ inthe arale SPBET andfhaisdsispsie pifeiS8ns are al ready
present at the nodul ator and the detector - the signal
i S.nat. t sm by .S r only the quantum
stg{%eea?esc{a eic%%t%gaﬁ'srﬁ(tq’?)zzw%gﬁ)he state is not being
copied so the "no cloning theorent does not apply". In
gere tralsotdiied Bebbedis] df B ©%1/8 &8’ cBirdtand Sy T, &' §/thb Bellirgayality
sl i ghLicdpeshft i ons in the output signal of the _
detectors for several reasons: nost of the photons wll
not be entangled (only 1:1070 froma typical down
conver si on pr oceldd).2ah &t Ak Bptd) csEARA | pah | engt hs

will be less than ideal So the signal will 'ride on
top'. | akge bi as _signal ] no., i ' ]
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Figure 3. Since the horizontal conponent w | not
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the tensor product of |H2> (delayed) and source (B),

anrh@%@@ged vertical photon is generated which
therefore contains information synpathetic to

channel / source (A).. Phase information is shown on the
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interferoneter aspects gt 11 the 1 ncident phot ons

( SBrekeadAesebents) of 8 pire to give mni mal signal

Binary 1 occurs when the filter is either horizontal

OrrrY Qi bafHacS i il at ket Bin R L ADHRTEIN crSust HhaRemdibREd state
as a binary digit and either of the collapsed states as the other. Figure 2 shows a source (S)
of entangled photons (pairs 1 and 2} as the communication channel Distance between the
potarising 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.



On detection the following (ideal) probabilities and

hence signal strengths at the detector is noted: PO =

P(Horizontal +Vertical) 1la ~a P +erv)a -J2- F2
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|n§,5@1ﬂgmggu]§tgransm ssion photons are already present at
the nodul ator and the detector - the signal is not
transmtted by mass- energy only the quantum state is
beinneplityracaeseral tfactors Wib tneket the probrbilitiasttigviate fera thegdagh emiseipmef un-
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furth
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nerate tang ot ons by a three |evel
at%%fW§9§%@h?P@Hr, , 1112, V\End) Depicted in Figure 4
is the energy level di agramfor the atom c system Wen

t hlﬁ g§r¥e$:-}l ?‘@pr ?}Iﬁﬁﬁé&%]ﬁ@g wfi]roﬂlmbé &y Qfgﬁ’tUﬁBéu@ﬁoﬁE A tihemu@put signal
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siphgloas peer s¢nt Iper pit to allow for path differences between the two arms of the

interferometer and accurate interference
Another embodiment is described below with reference to Figure 3.

Since the horizontal component will not interfere with the vertical component from source {(A)
we regenerate the horizontal photon by entanglement with another source’ (B) via PBS 2. For
convenience source (B) has the same power as source (A). On taking the tensor product of
|Hz> (delayed) and source (B), an entangled vertical photen is generated which therefore
contains information sympathetic to channel/source (A). Phase information is shown on the
state vector so that interference can occur at the detector. Note the un-used horizontal
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



given by (q detector efficiency): P=17(01V*(T tV(r,t~0)
12 \Were the photon propagati on operator creates a
particle fromthe vacuumstate 10> and is given in the
Hei senberg representation (constant states with

evol ving operators) as: yr(rt)=eult/Ayj/r\_-IHir

Consi der the apparat us, shown in Figure 5, due to
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cl assi cal binary d| gits down a quantum channel as set
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can favour comrmunication over fibre-optic cable for long distances’. The essence is to

generate entangled photons by a three level atomic system (g, W2, Wena):

Depicted in Figure 4 is the energy level diagram for the atomic system. When the system is
energised from the ground state into state y; which has a lifetime of 1, a photon y, is
produced. The system then is in state y, which has a lifetime of 1; which is considerably
sharter than state g,. On measurement of these photons we find that coincidence detection
will monitor two events separated by r; seconds. The probability to detect a single particle is
given by (n detector efficiency):

= {0y (x,th(r, ] 0)




apparatus shown in Figure 6 is noted: 13 The protoco
once again is that a binary zero is represented by the
act of no nodulation (M and binary one by coll apse of
the joint wavefunction between yi and y2 The nodul at or
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To implement the scheme of sending classical binary digits down a quantum channel as set
out herein using this particular method of space and time correlation of wavepackets the

apparatus shown in Figure 6 is noted:
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radiation etc.) such that even the installer of the channel would not know the phase length A
security seal system too would destroy the apparatus if it was not inserted into the correct
machinery of the communication channel but say time domain reflection equipment fo
ascertain the secret phase length A secure docking procedure would do this.

A further aspect of the protection by the random phase length device would be if the
gavesdropper was to guess a longer length as information exists after the modulation
distance but not before. A pericdic acknowledge-protocol within the permitted time frame of
the channe! 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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Simultaneity in Space, Simuitaneity in Time

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

signals:
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measured and regular concepts such as energy and momentum are ascribed to it This
classical intellectual baggage has us thinking in terms of particles moving through space
when we really should be thinking in terms of the wavefunction as the primary concept.
Operations on it such as WE y define physical observables of the system from the
information and hence the physics.

Indeed to bridge the gap between the classical and quantum warlds, textbooks ease our mind
by showing us that in the classical limit where the action is large we get the geometric limit of
particular paths and classical mechanics, thus the ray equation or the Hamilton-Jacobi

Equations:

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

approximation:
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information travelli némbacz’f\/varas in time fromthefan 6
future!) and admit in all sinplicity that all the
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only one photon per istsy,amf=9(syBpasured 19 It is
conveni ent for the mnd to show quant um nmechani cs as
apgk QebiiRbh RGqedisslCathain AMBENS MG mivh-dacebi &8 sdisa|
mechani cs we 3er|ve our concepts of space and tine,

t hough we shoul d stop,. "EQK‘E‘_O;} do this and face the
quantumreal ity of th@d\f\[gz_’ef uncti'on nmovi ng through
3-space, Things exist at nacroscopic |evel that can
never, be expl ain cl assi I , et |
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Really it is the wavefunction that travels through space, furthermore in figure 4 the
wavefunction corispires with all the deteciors such that conservation of probability is always

{rue; if one photon is measurc_ed at one place at one time, it can be measured nowhere else. 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 travefling 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



P(M=(WI MMA 1 V) This is the neasurenent problem a
non-uni tary change fromthe Schrodi nger equation to the
above. Schrodi nger highlighted this in his fanbus cat

par adox where he showed a m croscopic quantum event
getting entangled with the pacroscopi c measur enment

equi pnment to magnify this obviously non-cl assical ]
bethdy CHYEMS fHbe rr@j“%F‘b B AEAY™TRECARISUPY 20RIeaiag classical
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Deno hexigens profidvdityrtey® thds3, The central tenant of
Decoherence Theory is the entangl enent of a pure state
with the environnent and the calcul ation of the
reduced density matrixXgy-=dot@y+ar 1~ 20 for the
system from the system env,V(poMgm,t]yA)Ienm ty matrix
Starting wwth a sinple case, consider a closed ‘
two-state system descri bed by the followi ng state in
t wo- di mensi onal Hi | ber#M}s Mirhe) states 10> and 11>
are orthogonal The nost general way for cal cul ating
Phys iisaRd meddUdMEnt bicB@mi aﬂnc@\ﬁhﬂta‘ﬁy dhigingeSRmatie Sch@diaign squzyion to the

/ |
Ta%%gjéivlex g%?c{d?\égr hlgﬁhgﬁl{?d( 8& 4‘nl s f:ixr% % 1(%9 gg'gd'ox @hel dé hQ) &Q&ed a
AR PSROREff¥aNtum gvembgeting ntmigiep with fhg macjoscopic meww'aeg’&ﬁ@?m
C adpagENihe ayvivelytrae-clpgsiblsdahdvicuytotabaurd priverioys Teamesgt was that
e't&efb%; wasl & - shsb@pog.ﬁ,én ﬂ%ew@é\h HARIAEDES §1BRed by when and

i nterference tween the states. The expectation of any
ol ¥hbl e

Some of the philosophical spin offs from this were Bohr's Complementarity/Copenhagen
Interpretation, weird mind-body/consciousness effects collapsing the wavefunction, the Many
World’s Interpretation or advanced/retarded waves and quantum super-determinism In which
events in the pre-ordained future affect the present Applying Occam’s Razor to this once
again and noting what people are actually seeing in their attempts to construct guantum
computers' and the difficulty of maintaining pure states, the most likely, sane candidate to

explain the measurement problem is Decoherenice Theory' .

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

environment and the calculation of the reduced density matrix

)= a0+ an1)




represented by an operator A is given by the trace over
the product of the density and operator matrices: (w
Al w)=NPA)=I" O A The system cannot exist in isolation
and through unitary evol uti on becones entangled with
the environnent representedyby states Jeo> and le, >
whi ch are in general non-orthogonal On taking the
t effs &1 PPeHUEMm, the esteepryirenefadanpity Mo Miesing with a simple case,
P( tonsit@aitioBed(thg-ktee syt desfridad by tie fa@@ink Olieb dikkasignzribert
Q&gell)(r)le (Ol (r)(eo I + 1a,Pl1)(r)le,)(I1ID (e, |
In principle we cannot know the state of the
envi ronnent and so we are left taking the reduced
deTisd $tytesTyll>rand i tabe bittege@al iThe mmehtererat Way &8 dakcalsting physical
ouauam%;;h@ﬁﬂpe,lus@emhé@aaemamx}a htsr wgetors | eo> and le
| > are used thus: | e0)=0, (eo [ei)=cos B, 0 eo0)
=sing The reduce g@nsmy matri x of the
t wo- state/system s) iven by: Ps (t) = Tr'eP(t)= (en I
P(t)l eo) +(eo | p(t)] eo) .. hence P(t)=
| a. 1210) (014 ao&”%os +aoa, cos, 0l 1) (01+1a,
1'11)(11 Eqn 8 2%= a@cb%ﬁr“r%@ s A BYn 7 we see the
nodi fication to the coherence terns The environnental
states eo and ef#eéntthermsel ves evolving with ti negrand
since the enviro n tiaft yagst with many energy
states, eo and e?pﬁn RT"’f'S% me | ves orthogonal in a
very short period of tinel2, for instance if each
St Tk edidgsnah céroprod it pive thenm@obpbiita thah ileesystsm ah irasithek dtate, o off
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| reperaoemataoggul ar box of infinite potential, the
wavefunction for one particleis: 8 M ~rn 7ire3
sinxsin- sinz wabe a b,y di mensi ons of the box
are a,b,c and taki ng*”{’Hé’ “O?E‘HQJ 2%t y condition for
the two particles 1,2: f vaIzdxdydz = bml
The system cannct exist in isolation and through unitary evolution becomes entangled with

the environment represented by states |es> and |e,> which are in general non-orthogenal. On

taking the tensor product, the density matrix becomes:

PO)=a[10)®e )0l ® (es| +  a0er]|0) B, )1 @ (e,
+ogo|l) @le }01@ (e, |+ |allzll)®|et)(l[®(e,]

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 cut. Orthogonal environment
basis vectors |ey> and |eo’> are used thus:

<e§‘ Ieo) =0, {e,1e,)=cos b, (ej |eo)=sin6
The reduced density matrix of the two-state system s given by:

Bs)=Tre plt)={es | £}l &)+ {2 | PlE) €5
hence

B() = loro[*] OX0| + oz cos 6]0)(1| + xgex, cos B10]+ |er, | |1)(1
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V Soon the wavefunctions are orthogonal - lattice

vi brations/thermal relaxation effects will make a,b,c
vary continuously in time.. Thus after a short time our
envi ronnental states becone orthogonal and our density
matrix tends to: That is, g statistical m xture of

pure states with no superposition. The whol e density
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statistical mechanics. %enclusron We have di scussed a
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havi ng no mass-energy is real and engi neering uses for
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cl assi cal view of quantum nmechani cs becones apparent
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Conclusion

We have discussed a superluminal communication/encryption scheme The ‘Quantum
Potentiat™ 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 scource without actually (in the limit) imparting energy to the object — a boon to




evol ution of the isol ated wavefuncti on anyway.

Space-tine with its denial of place and tine really
makes the universe a nystery, non-objective and

non-cl assical - just how can we talk of the

i ndependent exi stence of anyevent if it is dependent on
the nmeasurenent? The pot is <calling the kettle bl ack.
Spraedicat Impging Pefhapst Uederstinding 819 GiHye greeaincuiabind gerkigh witth 8| are
f oruddf) foB €dr e bLGYRINY AP oMAS SR TRMPMatBRYiI Ng at or bel ow
the speed of |ight. Quantum Mechani cs saves reason and
returns the Universe to an objective stage of 3-space
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t Hescribed below in more detail.

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




first particle can be swtched between a transparent

and polarized path with a switchable mrror

Al ternatively el ectro-optic conponents such as Faraday
rotators, Kerr and Pocket cells acting as electronic
shutters can with the assistance of a polarizing beam
splitter lit the wavefunction of particle one into
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t In@arisation rotated #/2 {j e. through 90°).

A half-silvered mirror or another suitable device {not shown) is provided near the detectors o
allow particles that have travelled along either of the paths to approach the detectors from the

same direction.




detector 5 is to the particle information sources

T herefore, by the tinme the second particle in each
particle pair reaches the detector 5, the first

particle of the pair has either inpinged on the

pol arising filter 2, and so2s he direction of

pol arisation of the first particle in the pair
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3 An arrangement (1,8} according to Claim 2, wherein the polarising splitter (4} is arranged
to direct particles having a first direction of polarisation along the first arm, and particies having a
second direction of polarisation along the second arm, wherein the first and second directions of
polarisation are different from one another by approximatsly 90°

4. An arrangemeant (1) according to Claim 2 or 3, wherein the manipulation arrangement
camprisas a rotator (6) arrangement provided on the first path and operable to alter the direction
of polarisation of polarised particles passing along the first path




pol ari sation are different from one another by
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12 An arrangement (1,8) according to any preceding claim, wherein the effective lengths of
the first and second paths are such that, if a particle in a superposition of values of the parameter
impinges on the polarising splitter (4), a wavefunction of the particle is directed along both the first
and second paths and interference occurs between the portions of the wavefunction that were




effective path length of the first path 12 An
arrangenent (1,8) according to any preceding claim
wherein the effective lengths of the first and second
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particle is directed along both the first and second
pat hs, the portions of the wavefunction that were
directed along the first and second paths may interfere
with one another at or near the detector (5). 31 20.
An arrangenent (1,8) according to any preceding claim
wherein the information particle source (S) is
operable to emt pairs of particles whose wavefunctions
are entangled with one anot i&r 21 An arrangenent (1, 8)
according to any preceding claim wherein the path
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of the

arrangenent Second transm ssi on arrangenent
(1,8) and the filter (2) of the second transm ssion
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an incoming information particfe along the first or secand paths depending upon the value of the
pararmneter of the incoming particle; and providing

a manipulation arangement located on at least one of the first and second paths, so that,
if an information particle in a superposition of values of the parameter impinges on the splitter {4)
and a wavefunction of the information particie is directed along both the first and second paths,
the manipulation arrangement will act on the wavefunction to aflow interference, at or near the




paraneter of the incom ng particle; and providing a
mani pul ati on arrangenent | ocated on at | east one of the
first and second paths, so that, iif an information
particle in a superposition of values of the paraneter

I mpi nges on the splitter (4) and a wavefunction of the
information particle is directed along both the first
and second paths, the nanipﬂzation arrangenent wil |
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29 A method according to any one of claims 25 to 28, further comprising the step of
providing a second filter (2) and a second detection arrangement (3} arranged so that the first
filter (2) is located near the second detection arrangement (3} and the second filter {2) is located

near the first detection arrangament (3)

30 A method according to claim 29, further comprising the steps of:




nodul es, 29 A nethod according to any one of clains 25
to 28, further conprising the step of providing a
second filter (2) and a second detection arrangenent

(3) arranged so that the first filter (2) is |ocated
near the second detection arrangenent (3) and the
second filter (2) is located near the first detection
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