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In Class Thought Experiments

1. (The leaky bucket) The following example (from Hubbard and West 1991,
p.159) shows that in some physical situations it is ok to have a non-unique
solution. Non-uniqueness is natural and obvious not pathological.

Consider a water bucket with a hole in the bottom. You are walking down
the street and you see an empty bucket with a puddle beneath it, can you
figure out when the bucket was full? Why or Why not?

Let’s consider a differential equation that describes water leaking from a

bucket: '
h=-CvVh

where C = \/QE% h represents the height of water in the bucket, g is the
gravitational constant, a is the area of the hole in the bottom of the bucket,
and A is the cross-sectional area of the bucket. Solve this equation for the
case of h{0) = 0, at ¢t = 0 when we found the bucket it was empty. You
should find two solutions that work here. What are the two possibilities?
What do they mean physically, as we go backwards in time? Try to explain
how these solutions make sense.

2. Explain this paradox: a simple harmonic oscillator m& = —kz is a
system that oscillates in one dimension (along the x-axis). But we just said
that one-dimensional systems can’t oscillate, how can this be true?
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