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QUESTION 1

Consider a grating function with a sinusoidal transmission profile (see diagram below). The period
of the oscillations is 0.Tmm and there are a total of 12 periods within the aperture.
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i.  Write down an expression for the aperture function.
ii.  Calculate the viewing distance that will satisfy the far-field diffraction condition for
illumination with visible light of A = 550nm.
iii.  Derive the resulting far-field diffraction pattern (field amplitude and intensity)
iv.  Make a plot of the observed diffracted intensity pattern as a function of diffraction angle
marking the important features.
v.  Comment on the difference between this and an “array of slits” type diffraction grating.

vi.  Use the Fourier theorems to describe qualitatively what will happen to the diffraction
pattern in the following cases:

a. Half of the aperture is blocked
b. The object is translated by %2 a grating period.
c. A phase delay equivalent to half a wavelength is applied to the aperture function.
d. The phase delay in (c) is applied to half of the aperture.
e. The aperture function is rotated by 45 degrees
(a) half blocked (b) translated half a period (e) rotated by 45 degrees
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(c) phase delay of A/2




QUESTION 2
PART A

With the aid of equations and diagrams how Zernike’s phase contrast imaging works. Comment on
the approximations used in the formulation and practical aspects of implementing this technique
for phase contrast microscopy.

PART B

A transparent piece of plastic has been embossed in such a way that it encodes the Fourier
transform of a crocodile. When this transparency is placed in the object plane of the
optical system, shown in Figure 1., the image of the crocodile appears in the focal plane.
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You are given two such transparencies, each encoding the Fourier transform of a
crocodile. You place both of them side-by-side in the object plane of the above optical
system so that their origins are slightly separated in a direction perpendicular to the axis of
the optical system, as in Figure 2. Both transparencies are fully illuminated by the
coherent optical beam. Using your knowledge of Fourier theorems and diffraction
describe the image produced by this arrangement of two transparencies.
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QUESTION 3

(i) Explain how a Fresnel zone plate acts as a lens?
(ii) Derive the following equation for the path difference for the m™ Fresnel zone:

m (1)
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Design a Fresnel lens with a focal length of 45 pm for a 980 nm laser (assume the source is
collimated).

(iii) What is the radius of the first three Fresnel zones for this lens?

(iv) Calculate the positions of two other focal lengths produced by this lens.
(v) What is the benefit of adding extra zones to the Fresnel zone plates?
(vi) What is the limit to adding extra zones?

Fresnel zone plates are used routinely in adaptive optics to create lenses with dynamically
configurable focal lengths. Similar zone plate-type constructions can be used to mimic “almost
any optical element.
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(vii) Can you think of a way to use a similar construction to create the equivalent of a
refracting prism (refractive index n =1.45) in the following configuration:
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QUESTION 4

The following formula can be used to describe the intensity pattern produced by two pinholes
illuminated with a monochromatic light source of finite coherence length.

<[(P)> =|K\[*(1,)+ ‘Kzlz <]2>+[<]1>1/2 <]2>1/2]|7’12|C°S(a(r1’ 75, 7) = 9)

(i) Explain the physical origin of each of the terms and their effect on the observed
interference pattern.
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Alpha Newburi is a binary star system consisting of two stars of roughly equal brightness orbiting
around their common centre of mass. Alpha Newburi is located at a distance of 4.37 light years
from Earth and the separation between the two stars subtends an angle, a, of 2.2 arc-seconds on
the night’s sky; the individual stars can be considered as point sources. (1 light year = 9.46x10"°m)

(ii) Assuming that the light from the stars is quasi-monochromatic (A =550nm) derive an
expression for the complex degree of coherence from the binary star.

A stellar interferometer (see diagram) is used to measure the angular separation between the two
stars. It consists of two large collecting mirrors separated by a distance, s, which focuses light onto
two separate pinholes separated by a distance, a - light from the two pinholes is then allowed to
interfere at an observation plane in the far-field.

(iii)  What is the minimum separation between the collecting mirrors, s, that will provide a
minimum in fringe visibility for Alpha Newburi?

(ivy ~ Comment on the influence of the separation between the two pinholes, a.

(v) How will the observed diffraction pattern change as the two stars orbit around their
centre of mass?



