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We discuss Young’s double-slit experiment using a partially coherent light source consisting of a

helium-neon laser incident on a rotating piece of white paper. Such an experiment is appropriate

for undergraduate students as an independent project or as part of an advanced lab course. As is

well known, the resulting interference pattern is observed to disappear and return, depending on

the angular size of the source. Interestingly, while the standard theoretical prediction for the light

intensity agrees quite well with experimental data when the fringe visibility is high, the

prediction is noticeably off when the visibility is low. A first-principles calculation of the light

intensity is performed and shown to agree extremely well with the experimental results for all

visibilities. VC 2018 American Association of Physics Teachers.

https://doi.org/10.1119/1.5047438

I. INTRODUCTION

Discussions about the nature of light have likely been
around as long as humans have existed, and written records
of such discussions go back to the philosophers of ancient
Greece. By the 1700s, the biggest question being debated
was whether light consisted of particles, as put forth by the
eminent Sir Isaac Newton, or whether it was comprised of
waves, as proposed by Christiaan Huygens.1 The turning
point in this debate is generally credited to be the “double-
slit” experiment, carried out by Thomas Young in the early
1800s. In the original version of this experiment, sunlight
streams through a tiny hole and a “slip of card” is placed
edgewise in the light beam.2 Light from the two sides of the
card then interfere with each other and form an interference
pattern on a wall across the room. Young was even able to
use his data to calculate the wavelengths of the different col-
ors of light. This version of the “double-slit” experiment is a
prime example of beauty, elegance, and simplicity in sci-
ence, and may very well be the best way to perform the
experiment with introductory students.3

Today, Young’s double-slit experiment is a standard topic
in the physics curriculum, and is usually used to demonstrate
that light can be described as an electromagnetic wave.4 The
phenomenon is typically explained as follows. As shown in
Fig. 1, monochromatic plane waves of wavelength k are inci-
dent on an aperture consisting of two slits, each of width a,
separated by a distance d. At the introductory level, the width
of the slits is usually neglected, and it is assumed that coher-
ent, circular (in the plane) waves emanate from each slit. By
comparing the path lengths from each slit to the observation
screen a distance s away, one finds locations of constructive
and destructive interference of the two waves. Constructive
interference occurs when the two waves are in phase—the
path lengths differ by an integer number of wavelengths,
nk—and destructive interference occurs when the two waves
are out of phase—the path lengths differ by a half-integer
number of wavelengths, ðnþ 1

2
Þk. For s� d, the angular posi-

tions hn of the bright spots on the screen are then determined
by geometry to obey the relation d sin hn ¼ nk, with a similar
expression for the positions of the dark spots.

This simplistic description provides good physical insight
as to the main cause of the interference pattern—constructive

and destructive interference—and even leads to a reasonably
accurate quantitative prediction for the locations and spacing
of the fringes. Using the standard approximations y� s and
sin h � h � tan h, the intensity distribution is given by5

IðyÞ ¼ cos2 kd

2s
y
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¼ 1
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s
y

� �� �
; (1)

where y measures the off-axis position along the viewing
screen, k¼ 2p/k is the magnitude of the wave vector, and we
have normalized the intensity to have a (dimensionless) max-
imum value of 1 at y¼ 0. This equation predicts that the
intensity drops to zero at the minima and that all maxima
have the same brightness. It is sometimes mentioned that the
brightness of the fringes will eventually decrease as you
move away from the central maximum because the distance
from the double-slits is increasing, but neglecting this minor
effect, the brightness of the fringes is predicted to remain
constant.

Now, unless the width of the slits is much smaller than the
spacing between the slits (a� d), a quick look at the actual
interference pattern will show significant intensity variations,
indicating that Eq. (1) cannot be the entire story.
Understanding this behavior requires that the slit width be
taken into account, and at the introductory level the mathe-
matical derivation is typically bypassed and the result is sim-
ply stated: the finite slit width acts to modify the interference
pattern so that the fringe maxima are governed by the dif-
fraction pattern of a single slit of width a. Mathematically,
the intensity is given by6
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where sincðxÞ � sinðxÞ=x, and the intensity has again been
normalized to have the value 1 at y¼ 0. Apart from an over-
all constant, we see that the (normalized) single-slit intensity
distribution, sinc2(kay/2s), acts as an envelope for the sinu-
soidal interference pattern given in Eq. (1). The derivation of
Eq. (2), which integrates contributions across the apertures,
is usually left for a more advanced course on waves or optics
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in the sophomore or junior years. Experiments to test Eq. (2)
are relatively easy to perform, and the agreement with theory
can be very good. In terms of the physics curriculum, the
derivation and analysis of Eq. (2) provides a reasonably com-
plete description of double-slit interference, so this is usually
where the story ends. However, an extension of the tradi-
tional treatment of double-slit interference using a partially
coherent light source leads to some interesting and unex-
pected results, making a nice student project or advanced lab
experiment.

II. INTERFERENCE WITH PARTIALLY COHERENT

LIGHT

The typical double-slit experiment uses a laser as a source
of coherent light. The coherence properties of lasers make
them ideally suited for standard interference experiments; to
a very good approximation a helium-neon (HeNe) laser pro-
duces perfectly monochromatic plane waves. Lasers have
been in common use since at least the 1980s, so it is unlikely
that many of today’s students have viewed an interference
pattern using anything but a laser. In fact, most students may
not even realize that interference effects can be observed
using something as simple as a light bulb. Essentially any
source of light can be made (spatially) coherent simply by
moving it very far away, so that it looks like a point source.
Of course, trying to use just any light source in a double-slit
experiment leads to two main problems. First, moving the
light source far away will decrease the intensity at the view-
ing screen, making it more difficult to measure the interfer-
ence pattern. And second, different colors have different
wavelengths, so the various interference patterns tend to
“wash out” unless care is taken to measure only a small band
of wavelengths.

One way of overcoming these problems was pioneered by
Thompson and Wolf, who used a light source consisting of a
filtered mercury-vapor lamp focused onto a circular aperture.7

In this experiment, the light is then passed through two circu-
lar “slits” and the visibility of the resulting interference pat-
tern is seen to change as the distance between the slits (and
hence the spatial coherence) is varied. These researchers dem-
onstrated good qualitative agreement with the general inter-
ference law for partially coherent light. Another approach,
adopted by Sharpe and Collins, makes use of a sodium-vapor
lamp focused onto a variable-width slit; the narrower the slit,
the more (spatially) coherent the light source.8 Not only is
this experiment suitable for the undergraduate laboratory, it

represents perhaps the most impressive quantitative test of the
Thompson-Wolf experiment published to date.

Motivated by simplicity, we utilize a slightly different
approach. As diagrammed in Fig. 2, a HeNe laser
(k¼ 632.8 nm) incident on a white paper card acts as our
source of light; including a beam expander and iris results in
an approximately uniform intensity spot. Using a laser makes
it extremely easy to produce sufficient photon count rates
downstream. Because the laser is spatially coherent, the dif-
fuse scattering that results from the roughness of the paper
results in random, position-dependent phase differences of
the light, which then interfere to form irregular bright and
dark spots (“laser speckle”). Rotating the card by attaching it
to a small computer fan with the blades removed
(�3 000 rpm) adds random time-variations to the phases and
destroys the spatial coherence of the original laser beam (the
detector time-averages over many of the phase variations,
creating what is sometimes referred to as a “pseudo-thermal
source”).9 Our laser spot can thus be viewed as a collection
of monochromatic, incoherent point sources. An adjustable-
width slit is placed just after the rotating card, leaving a uni-
form intensity slit of width b. The light from this source
passes through a double-slit aperture that lies a distance ‘
from the source and is followed by a lens with focal length f.
A fiber-optic coupler with an adjustable slit in front is then
placed where the interference pattern is focused, in our case
at a distance s from the lens. The coupler sits on a computer-
controlled translation stage that allows us to scan across the
interference pattern, with the output of the fiber-optic cable
going to a single-photon counting module (SPCM) and
finally into a computer for processing.

A few comments are in order. First, the intensity patterns
described in Eqs. (1) and (2) are technically valid only when
plane waves are incident on the double-slits. Thus, it is com-
mon to incorporate an additional (matched) lens in front of
the double-slits, with the source located a distance f in front
of the lens. In our case, the large distance between the light
source and slits made this lens unnecessary. Second, without
this second lens, light from the source is expanding (slightly)
at the double slits, which causes the interference pattern to
be located at a distance that is slightly larger than the focal
length f of the lens (hence the fact that s¼ 1.06 m).

A. Negligible slit widths

As mentioned, the light source for our experiments con-
sists of a HeNe laser incident on a spinning white paper card,
which we treat as a collection of monochromatic incoherent
point sources that emit in all directions. Thus, to determine
the intensity at the viewing plane where we scan the fiber

Fig. 2. Experimental setup. A HeNe laser is incident on a rotating white

card, and an adjustable slit immediately after the card permits adjustment of

the source size. After passing through the double-slit aperture, a (scanned)

fiber coupler collects the light and sends it to a single-photon counting mod-

ule (SPCM) for processing.
Fig. 1. Basic geometry of the double-slit experiment. Monochromatic plane

waves are assumed to be incident on a double-slit aperture with slit widths a
and separation d. The interference pattern is viewed on a screen a distance s
away.
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coupler, we add the intensities from these various sources.10

When the slits have negligible width (a! 0), the calculation
is reasonably straightforward.11 Because the process will be
useful to us later, we outline the basic procedure here.

Equation (1) gives the double-slit intensity distribution for
a point source of light that resides on axis (w¼ 0 in Fig. 2)
when the width of the slits can be neglected. For a point
source that is off axis (w 6¼ 0), the interference pattern will
be shifted so the central maximum is located at y � �(s/‘)w,
where we have used the small-angle approximation. Thus, a
point source at location w gives rise to an intensity distribu-
tion (with the usual normalization) in the viewing plane of

IðyÞ ¼ 1

2
1þ cos

kd

s
yþ s

‘
w

� �� �� �
: (3)

To obtain the intensity distribution for a finite-sized
source, we need to add up the contributions from all point
sources within the finite source. However, any point source
that lies above or below the plane in Fig. 2 will generate the
same fringe system displaced in a direction parallel to the
fringes. Therefore, an incoherent line source perpendicular
to the plane in Fig. 2 has the effect of simply increasing the
amount of light available. The end result is that the aperture
can be treated one-dimensionally; we only need to add up
point sources along the w-axis in Fig. 2, using intensities that
reflect the shape of the source perpendicular to the plane. For
example, all points in a rectangular source will have the
same intensity, whereas a circular source will have intensi-
ties that are larger in the middle and smaller at the edges.

To carry out the calculation for a rectangular source of
width b, we note that the intensity due to an infinitesimal ele-
ment of the source at location w will be proportional to the
differential line element dw, giving

dIðyÞ ¼ A dw
1

2
1þ cos

kd

s
yþ s

‘
w

� �� �� �
; (4)

where A is an appropriate constant. To find the total intensity,
we integrate over the source width (�b/2�w� b/2) to get

IðyÞ ¼ 1

2
1þ sinc

kbd

2‘

� �
cos

kd

s
y

� �" #
; (5)

where we have again normalized the result to have the
(dimensionless) value 1 at y¼ 0. Because we have assumed
the slit widths are negligible, this result can be compared
directly with Eq. (1) for coherent illumination. The only dif-
ference is that the sinusoidal modulation that governs the
fringes now has an amplitude given by a sinc function. Thus,
for any b> 0, the fringe amplitude will be less than one,
implying the intensity minima will not drop to zero. In fact,
when the sinc function is zero this analysis predicts there
will be no fringes at all. Moreover, if the sinc function is
negative, then the intensity at y¼ 0 becomes a (local) mini-
mum instead of the usual maximum.7,12

One measure of fringe contrast in an interferometric system
is the visibility V (sometimes referred to as the Michelson vis-
ibility), defined by

V � Imax � Imin

Imax þ Imin

; (6)

where Imax and Imin are the intensities of adjacent maxima
and minima. Since the cosine function in Eq. (5) is bounded
by 61, the maximum and minimum of the intensity distribu-
tion are given by 1

2
16jsincðkbd=2‘Þj½ 	, so the visibility for a

rectangular source of width b is given by

V ¼
����sinc

kbd

2‘

� ����� �
����sinc

k/d

2

� �����; (7)

where we have defined the angular source size /
� 2arctanðb=2‘Þ � b=‘. Notice that the visibility depends on
the wavelength k (through k), the slit spacing d, and the source
size /, but it does not depend on the slit width a. This fact
should come as no surprise given that the derivation began
with Eq. (1) in which the slit width was already neglected.

As shown in Fig. 3, the visibility curve given in Eq. (7)
has a maximum of V¼ 1 when the source size is zero and
decreases to zero when /¼ k/d (1.05 mrad). After that, the
visibility goes through a series of decreasing local maxima
separated by zeros that occur when /n¼ nk/d, where n is an
integer. In other words, the fringes disappear at regular inter-
vals, only to re-appear with a 180
 phase shift resulting from
the sign of the sinc function [see Eq. (5)]. While this ideal-
ized situation provides good insight into what we should
anticipate seeing, it is not expected to agree quantitatively
with experimental results since the slit width has been
neglected in the theory.

Interestingly, the condition that the visibility goes to zero
when /n¼ nk/d can be understood qualitatively using an
argument similar to that used when determining where the
minima occur in a single-slit diffraction pattern. Although we
are dealing with incoherent sources, we are still adding up a
series of sinusoidal intensity distributions. For a point source
at w¼ 0, the central maximum of the intensity distribution
will occur at y¼ 0. However, a point source at the edge of the
source (at w¼�b/2) will have its central maximum shifted to
the point y � �(s/‘)w¼ sb/2‘. Now, these two intensity distri-
butions will be completely out of phase when the maximum
of one is located at the minimum of the other. For the point
source at w¼ 0, the first minimum occurs when d sin h ¼ k=2,
which corresponds to y� sk/2d. Equating this to y¼ sb/2‘
then leads to b/‘¼/¼ k/d, precisely the condition for the first
zero of the visibility function. The argument then proceeds
exactly as with the single-slit diffraction case; namely, the
intensity distribution from a point source “just above” w¼ 0

Fig. 3. The fringe visibility as described by Eq. (7) in units of k/d. The

fringes are predicted to disappear and reappear periodically as the source

size increases. The dashed lines represent values of / used in our experi-

ment, with the letters corresponding to the panels of Figs. 5 and 6.
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will be out of phase with a point source “just above” w ¼ �b/2,
and so on, so that all across the source, intensity pairs will effec-
tively cancel out.

Two comments are worth emphasizing here. First, because
we are adding intensity distributions as opposed to fields,
they will not sum to zero even if they are perfectly out of
phase. But the “humps” of the intensity distributions will
cancel out, leaving a new intensity distribution without any
humps at all (in the present case, the resulting intensity dis-
tribution will be constant). Second, it may have dawned on
the reader that there is a strong similarity between the single-
slit diffraction pattern and the visibility function in Eq. (7).
This is not a coincidence and is precisely the reason we are
able to use the single-slit diffraction argument to understand
the zeros of the visibility function. The formal connection
between these two functions is governed by the van Cittert-
Zernike theorem, which is briefly discussed in Sec. II B.

B. Finite slit width

To extend the results above to account for the width of the
slits, a more formal derivation of the intensity distribution is
normally undertaken. The details can be found elsewhere;7,13

here we simply present the results. Assuming the source is
centered at w¼ 0 and that the intensity of the light across the
individuals slits is the same, the double-slit intensity distribu-
tion is found to be

IðyÞ ¼ 2I 0ð ÞðyÞ 1þ jc12j cos
kd

s
yþ b12

� �� �
; (8)

where I(0)(y) is the intensity distribution due to one of the
slits by itself (either one, since they are assumed equal), c12

is the “complex degree of spatial coherence” between two
points (1 and 2), and b12 is the phase that arises due to the
sign of c12 (not due to any path-length difference). To calcu-
late c12 one typically makes use of the van Cittert-Zernike
theorem, which states that when d, b � ‘, the complex
degree of coherence is equal to the normalized Fourier trans-
form of the irradiance distribution across the source.14,15

Subject to the usual small angle and far-field approxima-
tions, Eq. (8) is a very general result that applies to situations
having different source shapes or various types of “double-
slits.” For example, this equation can be applied to a rectangu-
lar source and a traditional (rectangular) double-slit aperture,
but it also applies if the source has a circular shape and/or if
the “double-slit” consists of two circular apertures. It is impor-
tant to note, however, that the function c12 characterizes the
coherence of the light source at two specific points in space—
the “locations” of the slits—and therefore the visibility com-
ponent of Eq. (8) still represents an approximation in which
the slit widths are assumed to be infinitesimally small.

In order to make use of Eq. (8), we need to apply it to our
specific situation. Determining I(0)(y) is relatively straightfor-
ward, as this is simply the intensity distribution due to either
one of the slits, i.e., it is the single-slit intensity distribution,
which we have already seen is proportional to sinc2(kay/2s).
Next, we use the Van Cittert-Zernike theorem to find c12. If
the irradiance distribution is uniform across a rectangular
(slit) source of width b, we find7,14 c12¼ sinc(k/d/2), where
/� b/‘. Taking into account the fact that b12¼ 0 when
sinc(k/d/2)> 0 and b12¼ p when sinc(k/d/2)< 0, Eq. (8)
becomes (with our usual normalization)

IðyÞ¼ sinc2 kay
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2
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2
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s
y

� �" #
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Equation (9) is a beautiful result that combines both the
single-slit intensity envelope from Eq. (2) that arises due to
the finite width of the slits, as well as the sinc visibility func-
tion from Eq. (5) due to a finite source size. Figure 4 shows a
typical plot of Eq. (9), showing that both the maxima and the
minima are bounded by envelope functions. Because we are
now considering both a finite source size and a finite slit
width, it may not be a complete surprise that Eq. (9) takes
this form [we might even have guessed this result simply by
referring to Eqs. (2) and (5)]. That being said, we note that
the visibility function that appears here is precisely the same
visibility function that appears in Eq. (5), which was derived
when neglecting the width of the slits. Thus, while Eq. (9) is
obviously an improvement over Eq. (5), we should not
expect perfect agreement with experimental results, particu-
larly as the width of the slits becomes more important.

III. EXPERIMENTAL RESULTS AND DISCUSSION

A schematic of the experimental setup is shown in Fig. 2.
With the exception of the SPCM, most of the equipment used
is fairly inexpensive. Because we had previously purchased a
set of SPCMs (PerkinElmer SPCM-AQ4C) for performing
single-photon experiments, such a detector was an obvious
choice for us, as they essentially remove any concerns about
low-light detection ability.16,17 The experiments are carried
out in a darkened room, though small amounts of stray light
can be seen under doors, around windows, and from computer
monitors. We chose a distance ‘¼ 0.8 m and used a lens of
focal length f¼ 1 m with the detector placed where the inter-
ference pattern is focused, in our case a distance s¼ 1.06 m
from the lens. Our double-slit has spacing d¼ 600 lm and slit
width a¼ 150 lm, and a computer running LabVIEW is used
to record the data from a programmable coincidence-counting
unit (Altera DE2).18 An experimental scan consists of �90
three-second measurements, with the detector being moved
between each measurement. We use a computer-controlled
motorized translation stage (Thorlabs Z825B) to move the
detector, an entire scan taking approximately five minutes to
complete.19 The source size is altered after each scan by
adjusting the variable slit in Fig. 2. For our setup, count rates
at the central maximum ranged from around 40,000–200,000
per second, depending on the width of the adjustable slit.
Background rates varied from �7,000–14,000 per second,

Fig. 4. A sample plot from Eq. (9) showing that both the fringe maxima and

the fringe minima are governed by envelope functions (dashed).
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with stray light accounting for the majority (�60–80%) of
background.

A. Comparison with the standard model

Figure 5 shows a sample of our experimental results
(circles), along with the predictions (curves) from Eq. (9), for
a variety of source sizes after subtracting the background,
defining y¼ 0 at the central fringe (max or min), and normal-
izing the data. It is worth mentioning that there are no adjust-
able parameters in these predictions. There are several notable
features of this figure. First, as expected from Fig. 3, the fringe
visibility is seen to decrease, then increase with an overall
phase shift, and then decrease again as the source size gets
larger. It is interesting for students to observe that one can
obtain an interference pattern in which the central fringe is a
(local) minimum instead of a maximum, and to see
“interference” patterns with essentially no fringes. Second,
while Eq. (9) does an admirable job of predicting these results,
it is clear that the predictions fall short at times, particularly
when the visibility is low. Specifically, when the prediction
shows essentially no modulation [panels (c) and (f)], the
experimental results continue to show fringes. In other words,
the observed fringe visibility never disappears completely.

In addition to the visibility issues, Fig. 5 shows that the
standard model does not always get the fringe locations pre-
cisely correct; this is most apparent in panels (b) and (e). It is

clear from Eq. (9) that the functions primarily responsible
for the fringe spacing and visibility—those inside the square
brackets—are independent of the slit width a. Evidently, the
actual situation is not so simple.

B. A more complete model

While the standard model agrees with the data fairly well
overall, there are some significant shortcomings that can be
somewhat disconcerting to students. This discrepancy
between theory and experiment can be explained by the com-
plex correlation function being a function of two points,
while in actuality the two slits have finite widths. Recall that
the van Cittert-Zernike theorem led to a complex degree
of spatial coherence of sinc(k/d/2), precisely what was
obtained in Eq. (5) when the slit width was neglected.
Indeed, the fact that the parameter a does not appear in the
visibility function at all is a sign that Eq. (9) is most likely
incomplete. The issue of finite-sized apertures in measure-
ments of fringe visibility has been considered before.20,21

In particular, finite-width apertures lead to non-zero visibility
even at locations where the standard model shows no visibil-
ity. Surprisingly, there do not appear to be any subsequent
reports of quantitative experimental measurements docu-
menting this effect. While there have been a limited number
of studies comparing data with the standard model,8,22–26

Fig. 5. Experimental data (circles) and theoretical predictions (curves) from Eq. (9) for six difference source sizes. While the standard model does a reasonably

good job of predicting the data, there are some obvious shortcomings, particularly when the visibility is low [panels (c) and (f)]. The source sizes used here are

represented by the vertical dashed lines in Fig. 3.
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none of them address the discrepancies between theory and
experiment at low visibilities.

Perhaps the most straightforward way to incorporate the
finite width of the slits more fully is to return to the derivation
of Eq. (5). This equation arises, in essence, by integrating Eq.
(1), the intensity formula when the slit width is negligible,
over the size of the source. Our approach is to make use of
Eq. (2) instead of Eq. (1), so that we integrate the finite-slit-
width intensity formula over the size of the source,

IðyÞ ¼ C

ðb=2

�b=2

sinc2 ka

2s
yþ s

‘
w
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� 1

2
1þ cos
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s
yþ s

‘
w

� �� �� �
dw; (10)

where C is an appropriate constant.
In this form, Eq. (10) is equivalent to Eq. (7) of Ref. 20

(and essentially Eq. (5) of Ref. 21). Here, we take things one
step further; while not trivial (and with a little help from
MATHEMATICA), this integral can be computed in terms of
well-known functions. The (unnormalized) result is some-
what complicated and not particularly enlightening, but is
included here for completeness:

IðyÞ¼ s2

ka2
Ic ky�ð Þþ Is ky�ð Þ� Ic kyþð Þ� Is kyþð Þ½ 	; (11)

where y6¼ y 6 bs/2‘� y 6 s//2 are the locations of the
images of the source edges (in the viewing plane), and the
functions Ic and Is are given by

Ic xð Þ � 1

x

�
1þ cos ~dxð Þ � cos ~axð Þ

� 1

2
cos ~d � ~að Þx½ 	 � 1

2
cos ~d þ ~að Þx½ 	

�
(12)
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with ~d ¼ d=s; ~a ¼ a=s, and the sine integral function given
by27

Si xð Þ �
ðx

0

sin t

t
dt: (14)

Unfortunately, with this full analytic result there is no sim-
ple interpretation to the various terms and there is no simple
“visibility” function that can be defined. In this sense, the
original result shown in Eq. (9) has some obvious advantages:
the equation is compact and simple, and it is easy to

Fig. 6. Experimental data (circles) and theoretical predictions (curves) using the full model of Eq. (11) (once normalized) for six difference source sizes.

Compared to Fig. 5, the agreement is significantly better.
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understand on physical grounds both the overall envelope
function and the visibility function. However, as already
noted, the quantitative behavior of the original model is less
than ideal in some regimes.

Figure 6 shows the full (normalized) predictions over the
same experimental data shown in Fig. 5. As is clear from this
figure, the new predictions are significantly better than the orig-
inal model. In particular, the full model correctly predicts that
the fringes never fully disappear, and it also predicts the subtle
changes in the fringe spacing [compare panels (b) and (e) of
Figs. 5 and 6]. It is worth emphasizing that these predictions
are not fits to the data; they are plotted directly on the data after
subtracting background, defining y¼ 0 at the central fringe, and
normalizing the data. The downside of the full result is that the
spectacular quantitative agreement comes at the cost of simplic-
ity. Whereas Eq. (9) is simple and compact and each function
has physical meaning, Eq. (11) is very complicated, with 16
separate terms that preclude any sort of physical insight.

IV. CONCLUSION

The work presented here grew out of a summer research
experience and senior project with our undergraduate students.
There are significant experimental, theoretical, and computa-
tional aspects to this project, and we believe it would work well
as either a senior project or as part of an advanced lab course. It
might also be incorporated into a lab for an upper-level optics
course. Although the new theoretical predictions can be written
in terms of well-known functions [Eq. (11)], it would probably
be simpler for students to do the integral in Eq. (10) numeri-
cally using MATHEMATICA or another software package. It is also
worth mentioning that while we used scattered HeNe light from
a (spinning) card for the extended source and single-photon
counting modules for the detectors, other light source-detector
combinations could also be employed.

The results presented here make use of a variable slit to
control the source size, but we have also investigated the use
of pinholes to create circular sources with different diame-
ters.28 In this situation, the standard prediction is similar to
Eq. (9), but with visibility function sinc(k/d/2) replaced by
Bessinc(k/d/2), where Bessinc(x)� 2J1(x)/x, with J1(x) the
first-order Bessel function of the first kind. Qualitatively, the
results are similar to those presented here; namely, for high
visibilities the standard model does a respectable job of pre-
dicting the experimental data, but for low visibilities the pre-
dictions are noticeably off. For the full-model calculation, it
does not appear that the integral corresponding to Eq. (10) can
be written in terms of well-known functions and therefore
must be computed numerically. Nevertheless, the agreement
with the experimental data is, once again, very impressive.28
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