OPTI 505 TEST #2

SPRING 2008

1.) (15 pts) The diffraction pattern below results from a A = 532 nm collimated laser beam
What is the distance between the
aperture and the plane of observation? State any assumptions that you make.

passing through a 1.0 mm diameter round hole.
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2.) (15 pts) Describe the three free-space point spread function (fsPSF) techniques, when it is
appropriate to use them, and any limitations implied in their use.



OPTI 505 TEST #2 SPRING 2008

3.) (20 pts.) The square aperture below is placed in an otherwise opaque screen. The aperture is
divided into four equal-area squares, where the amplitude transmission of each square is
shown. The width of each square is 0.5 mm. (The shading represents part of the opaque
screen.) What is the value of the Fraunhofer pattern at (x, , y,) = (0,0) and a distance of 2
m if the aperture is illuminated with a collimated, on axis plane wave of amplitude A with
A =500 nm?

%’
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4.) A Fresnel zone plate with primary focal length 200mm and diameter 10mm is illuminated
with a collimated, on-axis A= 500 nm laser beam and an irradiance of 1W/cm’. The even
Fresnel zones in the plate are blocked in order to make the lens.

a.) (5 pts.) What is the width of the outmost Fresnel zone?

An opaque mask is placed over %2 of the zone plate, as shown below.

Fresnel zone plate
/

v

Opaque mask
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b.) (5 pts.) What is the on-axis irradiance at the primary focus?

c.) (5 pts.) What is the location of the +3" order focus?

d.) (5 pts.) What is the on-axis irradiance at the +3" order focus?
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5.) A grating with amplitude transmittance t(x) = 0.5 + 0.5cos(2n& x) is illuminated by an on-
axis monochromatic plane wave with A = 500 nm. The grating is imaged with a simple
lens as shown below, where f = 50 mm. The diameter of the stop is 2 mm. You may
assume that the illuminated portion of the grating is very large with respect to the period
of the grating. State any other assumptions that you make.

plane : simple stop image
wave (x lens plane

A\

2f f f

a) (5 pts) Cadculate the angular spectrum of the light transmitted through the
grating.

b.) (5 pts) How many plane waves are contained in the angular spectrum of part
(@7

c.) (5 pts.) Derive an expression for the base Talbot distance between the grating
and the lensin terms of the grating frequency &o.
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5.) (Continued)

d.) (5 pts.) For & = 20000 m™, sketch an irradiance profile along the x axisin the
back focal plane of the lens, indicating the locations and approximate
separations of the diffraction orders. Y ou may assume that the diffraction
orders are separated far enough so as not to interfere with each other. You

may normalize irradiance.

e.) (5 pts.) Plot the contrast (visibility) of the grating image as afunction of &.

f.) (5 pts) What is the cutoff spatial frequency &c, where no contrast is observed
in the image? What period corresponds to this frequency?



