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Problem 1: Fourier transformation of a Gaussian pulse
The Fourier transform of a time-dependent function A(t) is defined to be

Ã(ω) =
1

2π

∞∫
−∞

dtA(t)eiωt. (1)

Perform this integration for the following Gaussian pulse:

A(t) = A0 · e
− t2

T2
0 . (2)

Problem 2: Thin lens
Consider a thin lens of a focal length f . An object is positioned at a distance u in front
of the lens and an image is formed at a distance v behind the lens. Note that v can be
negative.

a. For a converging lens (f > 0), find the magnification A (u) and image position
v (u) as a function of the object position u. Draw the graph of both curves. Pay
particular attention to the following conditions: u → ∞, u → f and 0 < u < f .
When is the magnification A = ±1 and where is the image v formed in this case?
What are the conditions to get a real image? How about a virtual image? When
is the image enlarged and when is it reduced?

b. How do these results change for a diverging lens (f < 0)?

Problem 3: A microscope
We are going to design a simple microscope which produces a real and enlarged image
for direct exposure onto a photographic plate or a CCD camera.
The proposed optical scheme consists of two thin lenses. The first lens is located at
a distance r0,1 = 11 mm from the object plane, has focal length f1 = 10 mm and a
diameter D1 = 4 mm. The second lens is located at a distance of 170 mm from the first
lens, has focal length f2 = 50 mm and a diameter D2 = 10 mm.

a. Determine the location of the image and its magnification. What is the resulting
image size of a human hair (0.01 mm average diameter)? Make a drawing of the
optical system and the image formation.
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b. Consider the case when a diaphragm is placed between the lenses. Find the
appropriate position for the diaphragm such that the image is sharply cut. What is
the appropriate diameter of the diaphragm such that the image is restricted to a
diameter of 25 mm? What is the corresponding field of view in the object plane?
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