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ABSTRACT

Quantum interference is a challenging phenomenaguantum optics. According to this principle of sgosition

of quantum mechanics, elementary particles sugbhason can not only be in more than one place givan time,
but that an individual particle can cross its owajéctory and interfere with the direction of itath. Thomas
Young devised the double slit experiment to prina tight consisted of waves. Analysis of the deullit
experiment and the interference pattern indicathat teach photon not only goes through both thes slit
simultaneously, but traverses every possible ttajgoon the way to the target, not just in thedayt in fact. In the
present work we have analysed the situation in $eohquantum superposition and Schrddinger catestan
guantum optics. The nature of photon in this araligsexamined.
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INTRODUCTION

In the present work we make an attempt to correfate different topics of considerable interesfjilantum optics.
They are Young’s double slit experiment and quanitkerference, quantum superposition’s and Schgilis cat
state and photon wave function. It is worthwhilentite that these topics have attracted attentioongmnesearch
workers due to their importance in the theory omeement. It is generally accepted that the quanheory of
radiation provides a reasonably complete descriptforadiation matter interactions. Photons arentpiaf a single
monochromatic mode of the radiation field and arelocalised at any particular position and timéhi the cavity
like fuzzy balls; rather they are spread out oher éntire cavity. In fact no satisfactory quantimaory of photons
as particles has ever been given. On the other Hadjuantum theory of radiation seems to offer zAnuhy
satisfactory accounts of a very wide range of iagiaproblems and, therefore, there is no real rieetdave a
corpuscular theory of photons [1]. However, advanicequantum optics have brought forward new arguméor
guantizing the electromagnetic field, and with theé@eper insight into the conceptual nature of piato

In this paper we present a pedagogical review efgtinciple of superposition in the light of thegpiomenon of
interference in Young’s double slit experiment. ®clinger cat states in quantum optics are alsogdtrointo the
discussion.

MATERIALS AND METHODS

2. Schrodinger’s Cat:
What is Schrodinger’s cat? This is a thought expeni first introduced by Erwin Schrddinger in 1985llustrate a
paradox in quantum mechanics regarding the prababii finding a subatomic particle at a specifiiqt in space
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[2]. According to Neil's Bohr the position of such particle cannot be determined until it has bekseoved.

Schrddinger postulated a sealed vessel containlivg &at and a device triggered by a quantum esaoh as the
radioactive decay of a nucleus. If the quantum twenurs, cyanide is released and the cat digbelevent does
not occur the cat lives. Schrddinger argued thdtrBanterpretation of events in quantum mechamesns that the
cat could only be said to be alive or dead whenvéiesel has been opened and the situation insidaditbeen
observed. This paradox has been extensively diedusiace its introduction. It is generally thougtdt the concept
of decoherence may resolve the paradox in a setisfaway. Decoherence is a process in which a tguan
mechanical state of a system is altered by theaation between the system and the environmentliaence was
postulated in the 1980’s and has been used tdycldiscussions of the foundations of quantum meidsaand

problems of measurement.

3. Quantum interference and Young'’s double slit exgriment:

In this section we discuss the topic of quanturarfetence from the point of view of the double slterference of
Thomas Young. It has often been indicated thaptieciple of superposition is at the heart of quamtmechanics.
The basic feature of the superposition principl¢het probability amplitudes can interfere, a featthat has no
analogue in classical physics. Quantum interferésce challenging principle of quantum theory. Esisdly the
principle states that elementary or subatomic @agican not only be in more than one place atvangtime
(through superposition) but an individual partisleeh as photon, can cross its own trajectory arsifeare with the
direction of its path. Debate over whether lighe$sentially particles or waves dates back oveethundred years.
In seventeenth century, Sir Isaac Newton (1642-1p26claimed that light consisted of particles d=dclung to
this throughout his life. Similarly Christian Huyge (1629-1695), in the early part of seventeenthturg
enunciated a convenient working principle to ddeefow the progress of the primary wave front abarce of
light is due to the generation of secondary wasefeim every point of the primary wave front. Thaméoung
(1773-1829) devised the double slit experiment ve that it consisted of waves. Although the imgtions of
Young's experiment are difficult to accept, it hediably yielded the proof of quantum interferenitgough
repeated trials. Thomas Young, in 1801 first dertraited the interference effect of light. In thigpexment (not the
original one) a beam of light is aimed at a barvigh two vertical slits. The light passes througke slits and the
resulting pattern is recorded on a photographitepléone slit is covered, the pattern would kstragle line of light,
aligned with whichever slit is open. Intuitively ®mvould expect that if both slits are open, thegpatof light will
be two lines of light aligned with the slits. Incfahowever, what happens is that the photograplaie is entirely
separated into multiple lines of lightness and desls in varying degrees. What is being illustrétedhis result is
that interference is taking place between the wavgmrticles going through the slits, in what,mégly should be
two non-crossing trajectories. It would be expedtet if the beam of photons is slowed enough suenthat the
individual photons are hitting the plate, there lddoe no interference and the pattern of light widug two lines of
light aligned with the slits. In fact, however, thesulting pattern still indicates interference,icthmeans that
somehow the single particles are interfering whibniselves. This appears impossible. We expectathangle
photon will go through one slit or the other, anfl @nd up in one of the two possible light lineeas. But this is not
what is happening. According to Feynman [3] eacht@h not only goes through both slits, but simwtzumsly
traverses every possible trajectory, on the wathéotarget, not just in theory, but in fact. lder to see how this
might possibly occur, experiments have focusedracking the paths of individual photons. What haygpia this
case is that the measurement in some way disrbptdrajectories of photons in accordance with uagey
principle, and somehow, the results of the expemineecome what would be predicted by classical ighyswo
bright lines on the photographic plate, alignedhwiite slits in the barrier. Cease the attempt t@asuee; the
interference pattern will again appear with muétiphes in varying degrees of lightness and darknes

It is worthwhile to indicate there that the quantinterference phenomenon appearing here show gpiralson-
physics contexts in macroscopic objects. It shbeld@mphasized, however, that these examples aughirmto the
discussion as analogy only. Examples: The imagmgfobject formed on the surface of a clear adldvaier can
be seen beautifully unless and until it is distdrbé we cease our attempt to disturb, the imagéagain appear.
Another example can be found in a well known Creggent called “touch me not”. When the plant isdbed at
any part of the body, it immediately closes itsvi=a If it is left undisturbed for some time, tleaves open up
again. Touch it again it will die down. Cease therapt to touch the leaves it will return to itsgimal shape. These
are quite analogous to what has been describedab@onnection with the phenomenon of quantunrfietence.
Quantum interference research is being applied groaving number of applications such as supercatimyc
guantum interference device (SQUID), quantum cry@phy, quantum computing and lasing without inears
(LWI)

4. Wave function for photon
The topic of this section is chosen primarily dwe dur discussion about Schrédinger's cat and dosbte
experiment. Strictly speaking, there is no suclnghas a photon wave function. But there are evielesied
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arguments for and against the concept of a photoreviunction [4]. It is worthwhile to note that ‘wea function for
photons’ is the heading of a section in PowerssataBook on Quantum Electrodynamics [5]. Power atsb
Kramer's [6] are of the opinion that one may ndnkiof the photon in the same sense as a massiver@tativistic)
particle. On the other hand some physicists argaed single photon in free space is analogousesomif we let
the meson mass go to zero. The wave-particle ghaliight was the notion created by De-Broglie efhled him to
suggest that electron might display wave like beéhavHowever, from the perspective of quantumaptthe wave
mechanical, Maxwell- Schrédinger, treatment makeslear distinction between light and matter wavdie T
interference and diffraction of matter waves aredhsence of quantum mechanics. But the corresgpbdhaviour
of light is described by the classical Maxwell’suations. The question naturally arises; can wekthirthe electric
field of light as a kind of wave-function for théa@ton. Specifically in his book on quantum mechariramer
raises the question in the section entitled “Thetph Wave Function: Motivation and Definition,”.Now that
wave mechanics has been become a consistent fermalne could ask whether it is possible to constber
Maxwell’'s equation to be a kind of Schrédinger e@rafor light particles, instead of consideringih, as we have
done up to now , to be classical equations of motitich formally look like a wave equation, and wlhiare
qguantized only later on; or both ideas are equit&le

At the end of the section Kramer answers the quests follows:
The answer to the question put at the beginnirthisfsection is thus that one can’t speak of pladin a radiation
field in the same sense as in the (non-relatiyisiimntum mechanics of systems of point particles.

Kramer’s reason for this conclusion is the sam#hasclearly stated by Power (5) who says (in sechi.1 entitled *
wave function for photons’).

Thus it is natural to ask what are the for photons. Strictly speaking there is no suelvevfunctions. One may not
speak of particles in a radiation field in the sasemse as in the elementary quantum mechanicssténsy of
particles. The reason is that the wave equation..... solutions of Schroédinger’'s time-dependeave function
corresponding to an energy Bave a circular frequenay,=+E,/h, while the monochromatic solutions of the wave

equation have both: w,.

The E and B fields satisfying the Maxwell's equation free space and therefore satisfying the veaumtions too ,
are real and are not eigen functions 1g¥/dt. A Schrddinger wave of given energy must be cemxpllhe real
electric wave like

- [} -
E(r.,t)= ZDk Z,.a ex;{— iV, t+i k.t} +H.C
k
was both exp(-t) and exp( v« t) parts while the matter wave has only expgt) type terms. Boehm in his classic
book Quantum Theory (page 98) notes that

The probability that an electcan be found with position between x and x+dx is
P(X) = W (X)W(x)dx
He then compares this with the situation for lightl goes on to say:

There is, strictly speaking no functions that représ the probability finding a light quantumaagiven point. If
we choose a region large compared with a wavelemgttobtain approximately

PP+ KA(X)

P 87hv(X)

But if this region is defined too well(x) has no meaning.
Later on Bohm make the statement that for matexetis a probability current

= i,(LIJ*ALIJ - LIJALIJ*)
2mi
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Monroe et.al[12] have generated even and odd cohestates as well as Yarke-Stoler states for thentged
vibrational motion of a single traped ions. With average of about nine vibrational quantum wavek@iacof
maximal spatial separation of about 83nm signifilyalarger than the size of a single component wanetion in
the superposition, about 7nm were obtained. Thegerpositions are obviously non macroscopic buagioroach
being macroscopic and therefore may be taken ealization of the schrodinger cat phenomenon.

It has often been said that the principle of supsitipn is at the heart of quantum mechanics. assital physics we
do not speak of superpositions of possible states fystem, rather we assume that the physicabuiits of a
system objectively exist even if unknown. But iragtum mechanics it appears necessary to abandaenatien of
an objective local reality[13]. Instead a quantwystem is described by a state vector which mayxpareded into a
coherent superposition of the eigenstates of sdymergable.

(W) =D ClW ), O

Where the coefficients;@re probability amplitudes. The probability thaheasurement of that observable finds the

. . 2 . . .
system in statd;LP> is |Ci| . But the state vector of Eq.(1) is not merely femtion of our ignorance of the true

state of the system before a measurement but rafh&s objective indefiniteness. The system hasohpectivity
definite state prior to a measurement. The actedsurement “collapses” the state vector to ondektgenstates.
The basic feature of superposition principle ig tirabability amplitudes can interfere that hasanalog in classical
physics.

We now consider the Young's double slit interferemattern in the light of our discussion of Schnigir’'s cat.
According to the Copenhagen interpretation, thenasmd the cat are in an entangled state of the fufrmave
function.

W) = i[ atomnotdecayed

5 catdead> ........................... (2

catalive> +

atomdecaye(}

Which satisfies the relation
@ +divS=0
a

But he notes that there is no corresponding quafatitlight.

According to Scully [4] the above conclusions ofirer’'s and Boehm regarding the wave functions otgrhmay
be marginally true and each of the objections mag\ercome. This is done in the semi classicalrtheblaser [1],
as shown in Table 1.

Table 1
Light Matter
Semi classicall ETY YT _
- . —- I N
de=np | WW(rY =--HY(D
Maxwell Schrodinger

As shown in Table 1 the semi classical theory dfation and matter “fields” are treated accordioghe Maxwell
and Schrédinger equations. But field display wasebehaviour but appears only in the matter equation.
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RESULTS AND DISCUSSION

From the discussion above it is now appropriatentike some observation on Schrddinger’s cat and {foun
interference fringes, the main objective of our grapAccording to Gerry and Knight [8], the paradigwh
Schrddinger’s cat is, like that of Einstein, Po#lgland Rosen(EPR) [9], often presented as thougheie a
paradox, (particularly so so in some of the poplitarature on the subject) [10]. But Schrodinger&t paradox is
no paradox at all, it is a phenomenon. Historic#fiig paradox has often been dismissed as havingpbservable
consequences. Such a position can no longer baairagd. It may be noted that cat like states haenlgenerated
in different contexts. Noel and Stroud [11] havengrated radial Schrodinger’s cat state in a Rydlagogn with
average principal quantum number 65. Two radialevaackets are created that can be separated bychsas 0.4
um.

Although the word entanglement was used first bigr&tinger to describe states of this sort the coincertainly
appears in the paper of Einstein, Podolsky and R@PR) [9] the paper that inspired Schrédingegisarks. In
any case upon opening the box the state vectarpsab to one state or the other in the superposichrodinger
refers to this as a “quite ridiculous case”. Buhi®dinger’s paradox certainly true of the origifiamulation. In
case of double slit experiment the photon andnterference are in an entangled state of the form

=1
2

In the case of a macroscopic and non physics exadgscribed in section 3 we have

W)

photonobserveé

[| photomotobserved intererfereneyes>+ interferenceiestroyer}] ...... ()]

(W) = L waternotdisturbed |imageexists> +

2

We wish to indicate here that the analogies of ploysics contexts may be referred to as Schrddicgestates in
macroscopic level.

waterdisturbed>

imagedead> ............. @)
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