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Abstract
Char goal for this lab was to demonatrate the wave-particle duality of light as well as the eifects of “which
path” information on interference experiments. By highly attenunating a collimated laser beam prodoced
by a b mW HeNe laser, we were able to observe an example of the wave-particle duality of Light wsing a
double glit apparatus. This was done by imaging the cutput of the double slit, observing both a graininess

characterestic of low /single photon detection events and a clear double slit fringe pattern that shows the
wave nature of light. Additionally, a Mach-Zehnder interferometer was employed to show the effects of
“which path” nformation by polarizing light in each arm of the polarzer so that light from one arm was
orthoronal to ight from the other. We were unable to observe any interference from the interferometer
unless we used an analyser polarizer to erase this “which path®™ information.

1 Background

The natur: of light has been a major topic of interest to physics rescarchers throughout the past centuries. A
major historical problem was whether ight composed of wases or particles. This debate was largely settled
in 1803 by Thomas Young [1].

The double slit experiment that Young @ famous for demonstrated the waee nature of light. This olassic
experiment consists simply of a light souree and a sheet with two slits cot init. Light coming out of the slits
diffract outward from each slit, and the ght from one slit will constroctively or destroctively interfere with
the light from the other based on the distance from the slits, Ths leads to an interference pattern, which
15 ot compatible with a classical particle theory,  Utilizing modern technology, this effect s casily seen by
shining a collimated laser through a double slit onto a sheet, producing a distinetive fringe pattern that s
mdicative of constructive and destroctive interference.

Figure 1: A sketch made by Thomas Young describing interference from double slit diffraction using water
waves [2]. The sketeh also applies to donble glit diffraction nsing light., illnstrating how light waves constroctively
and destructively interfere. Waves diffract from points A and B so that destructive interference oocurs at pointa
C, 1), B, amd F, resulting in minima in the fringe pattern.



Due to the results of Young’s experiments and subscoguent research, the wave theory of ight dominated
until the 20th century. This changed at the turn of the century, where discovenes such as the photoelectric
cffcct showed that ight apparcotly interacted with matter in only disercte guantities. Based on the photo-
clectrie cffeet, Albert Einstein developed a model of light whereby light earried energy in diserete packets [3].
Such discrete packets of enerpy woere later termesd photons by choemist Gilbert Lewis in 1926, Einstein's model
of hight offectively brought a particle theory of hight back to the attention of nesearchers., and the exastenoe
of photons was eventually confirmed through anti-bunching experiments. This aspect of light behaving both
a5 & wave and a particle s referred to as wave-particle duality.

In mesdern times, Young's double sht expernnment has beoome a wseful demonstration of the wave-particle
duality of heht. With current technology, it 15 possible to ereate and image single photons. Thos, it s possible
tor perform the double slit cxperiment using a single photon. In this single photon varation, imaging: will still
detect fringe patterns, but they will be bmlt up by multiple photon detections. Even though single photons
pass through the shit, interference still oceurs. This single photons apparently interferes with ibself.

If single photons pass through the double slit appacatoes, one might ask “Which shit does the photon passs
through™  Thas guestion 15 apparently unanswerable. The act of observing which shit the photon peaesses
through collapses the photons wave funetion, so that instesd of being in a state of superposition between
two interfenng state, the photon will have a single debmte state that cannot imterfere with itsclf,. Knowing
which path the photon takes cHectively romoses the wave aspect of the photon’™s behavior, destroying: any
mterference patterns.

The offects of thas “which path™ imformation can be scen inany vancty of interference bascd apparatuses,
apart from just the double shit experiment. For example, & Mach-Zehnder interferometer prodoaces interfoer-
ence pattorns by sphitting a laser down two paths, and then reeombining them. Dilference im0 path lengths
canse different phases between the two laser beams, leading to interference. I, howoever, one were to polar:c
the hight along cach path so that the hght down one path were an othogonal polarnzation to the other path,
then which path hpht takes can be readily discerned by these diffenng polanzation. In the process of imtro-
ducing thas which path information, however, the interference pattern will be destroyed. For any interference
cxrporiments, any way to discern the path a particle takes will destroy any interforence patterns. In torn, of

this “which path”™ information 15 somehow crased, the interference pattern can be reoovered.



2 Experimental Setup

We made use of two scparate apparatess for this lab: the double slit apparstues and the Mach-Zehnder

imterferometer. Lipht was suppliesd to both of these sctups from a5 mW HeNe leser. The Beser was collinmatoed
and a non-polarcang beam sphitter divided the laser to both setops.
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Figure 2: An outline of the double slit apparatus. Light is provided by a 5 mW HeNe laser, and collimated
sing a pinhole and kens. The light passes through the doable slit, where the resulting interference pattern may
be observed on a screen or imaged with a OCD camer. Attermators could be placed on stamds located both
before and after the double slit. A beam gplitter diverts some light to the Mach-Zehnder interferometer {which
otherwise has no bearing on the double slit apparatuos).

The double slit apparatus consisted simply of a double slit and attenmators (s Ggure 2). The double
shit we nsed was made on a 2 millimeter thick pieee of plass and had a slit width of 10 macrons and a shit
separation of 90 microns. A stand was bxed in front of and behind the double shit that allowes] us to place
multiple attemuators along the laser path. The laser beam passed through the attenoators and the double
shit, where the output of the sht could be observed wsing a screen. The hght oot of cach shit diffracts and
imterferes with the light from the other slit, resulting in a2 mmlti-fronged interferenee pattern. A CCD camers
wis e to image the resulting interferenoe pattern, particularly when the beam wees highly attemated.

We placed cnough attemmators alomg the beam path so that the rate of photons rocerved by the (CCD
caanera was quite low. It s worth noting that this does not constitute a single photon source. Even thougeh
the average spacing of the photons may be on the order of & meter, one would oot be able to obverse
antibunching, as instead photons can form multi-photon bunchs. Even though this s oot the case of a single
photon imterfering with itself, the photon rate shoald still be sufbciently low to allow a basie demonstration
of the particle nature of light.



