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Homework Set 1

For each problem please turn in a complete answer. In particular you should include any
narrative required to understand your method and comment on your results where appro-
priate, label and place captions on any figures you include, and in general think of your
homework as a short report. The intent is not to have you do a lot of writing for the sake
of writing, and you can certainly assume that we know what the problem statement was,
but your homework should be professionally done and we should not have to guess at how
to interpret what you hand in.

The homework contains some challenges. If things are too challenging, you need to figure
that out and ask about it ahead of time. So what we all know is the standard undergraduate
approach of waiting until the night before to start the homework may be even more danger-
ous here than in most undergraduate classes. Start early and leave the procrastinating to us
professionals.

Problem 1: Granite Chief

This isn’t really a subsurface problem, but it tests your understanding of imaging systems,
resolution, and pixelation.1 Suppose that I wish to image a mountain 9,050 feet high at a
distance of 2 miles.. I want the top of the picture to be at the peak, and the bottom to
be at the Valley floor, which is at 6,200 feet. The camera is an old CCD consisting of 640
by 480 pixels, spaced 10 micrometers apart. This is not a particularly good problem for
hyperspectral imaging in the visible spectrum, because the mountain in question is almost
completely white at this time of year (To be sure that this is correct, I have inspected the
area personally.).

1My spell checker rejects this word, suggesting “pixilation.” The Oxford English Dictionary definition
for “pixilated” is, “Chiefly U.S. regional. Slightly crazed; bewildered, confused; fey, whimsical; (also) intoxi-
cated.” The OED does also list “pixelated” with my intended meaning, “Of an image: captured, reproduced,
or displayed as pixels, usually with a grainy or low–resolution result”
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(a) What is the angular field of view? In other words, what angle does the target subtend
(from the top of the mountain to the Valley floor, as viewed from the camera, located in
the Valley?

(b) What magnification is required?

(c) What is the size of the 10–micrometer pixel projected onto the side of the mountain?

(d) What focal length lens is needed?

(e) If the camera has a lens diameter equal to one tenth of the focal length, what is the
resolution? Does the image of a point underfill or overfill a pixel?

Problem 2: San Francisco Fog

Solve Problem 2.2.10 in the text.

Problem 3: Acoustic Propagation

Solve Problem 2.2-3 in the text.
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