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1 Abstract

Fourier transforms are a powerful method of understanding the frequency dependence in various optical

systems. In this lab we set out to investigate a variety of Fourier optics properties, by studying free space

propagation, lens, mesh di↵raction, phase contrast, and dark field imaging. All of these experiments

demonstrate some aspect of optics where the Fourier transform of an image or its inverse tells us something

about the inherent system we created. The bulk of the experimentation and data analysis involved relating

our images, their Fourier transforms, and our optical setup to tell a story about the light propagation.

Qualitatively, the most interesting results occur in di↵raction through an open slit where the Fourier

properties are clearly displayed in the cases of near field and far field imaging of the di↵raction pattern

through a slit. The report will focus on the di↵raction we observed and how the Fourier transform relates

the image back to the opening we created for the light to travel through.

2 Method Overview

2.1 Theoretical Finesse, Free Spectral Range, and Line-width

We start by developing a theoretical di↵raction pattern, to predict a di↵raction pattern seen at a screen

in the far field(Fraunhofer) and near field(Fresnel) limits. While the mathematical simplicity of the

Fraunhofer case is tempting, we simply develop the Fresnel patterns, and allow our limiting values to

determine the patter in the Fraunhofer case without any additional simplification. We start by defining

a quantity �v, which is a dimensional parameter representing the ”nearness” of a di↵raction pattern. If

�v is large we are squarely in the Fresnel limit, while if we are in the situation where �v << 1 we are

in the Fraunhofer.
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,where w = slit width, R = slit to screen distance, � = operating wavelength

Then using the Fresnel Reflection equations and letting C be some constant of proportionality we get:
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As expected in the far-field where �v << 1 we recover:
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2.2 Method for Measurement

To see the e↵ect of change �v we can either move the screen back and forth while holding everything

else constant, or we can adjust the width of the slit (I suppose we could also change the operating

wavelength, but that is not possible in a practical sense). Since we want to maintain the imaging setup

we have for screen, we choose to modify the slit width in order to adjust the di↵raction regime. We

start by defining the slits closed point where no light from the laser is visible, and we count this as the

background intensity. We will use this reference for the di↵erential slit width, and this image intensity

as the background subtraction to compensate for background optical noise. Then we slowly open the

slit and take images on the CCD, at various points. One could take a regular series of slit width data,

but since interesting data is only really found when we squarely in the Fresnel or Fraunhofer regions, we

elected to images and slit width when we saw interesting fringes. At minimum we need one image in the

far field, one in the near field, and lastly one at the transition point.

Using the MATLAB script, which you can find here: https://github.com/akshivbansal/phys408FourierOptics

/tree/master/processedData/Di↵raction we averaged 10 pixels in the centre of each image. We then com-

pared these di↵raction patterns with their Fourier transforms and their predicted di↵raction patterns.

We chose 3 representative widths and they are plotted in the next section.
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3 Key Findings and Conclusion
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Figure 1: In these plots we can see the three identified regions for di↵raction through a slit. First we are

squarely in the near-field limit where the Fresnel equations dominate the intensity profile, and a complex

shape is clearly visible in the central fringe. Next we go towards the transitioning zone between the near

and far field, where a simple cardinal sine function provides a decent first order approximation of the

di↵raction pattern we observe, but some of the complexity is missed. Lastly, we arrive at the far-field limit

where the cardinal sine function captures all of the relevant information. Adjacent to each intensity plot

is the corresponding raw image, which help illustrate how the di↵raction patterns appear to an assisted

observer. In all of these images there are some issues with the horizontal scaling, this is likely an artifact

of how the theoretical curves where calculated and the di↵erence between size of image considered and

the real area where the image was created. The data has no smoothing or averaging applied to in the

horizontal direction to insure that no signal was smoothed out in order to mitigate noise.

In general we see that that the data is better modelled as we approach the far-field limit. This is

because the inherently discrete nature of our model and the approximations made in the model matter

less as we move to the far field limit and recover a cardinal sine function. Importantly, the theory does a

good job of predicting the shape and relative magnitude of the intensity of the di↵raction pattern. While

we cant use the theoretical values to perfectly model the di↵raction in these cases we are still able to get

a good sense for the intensity profile in most situations. All of our plots su↵er from horizontal scaling

issues. This cause by a di↵erence in the imaging screen and the actual size of the image produced on

it. There is also a magnification correction we applied, which has error associated with it, this combined

with the skew of the image , likely causes di↵erence between real and imaged pixel size. Over all, the

theory of Fresnel di↵raction seems to good job of predicting the observations made in the lab.
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