Quantum Quest

The Wandering Butterfly

An onyx-colored butterfly flies towards a gothic black lamp with a constant velocity v, maintaining a

constant angle o with the radial direction.

Given parameters:

o Initial distance between the butterfly and the lamp: L

e Radius of the lamp: R

o Angle relative to the radial direction: «

Task
e Calculate the number of turns N the butterfly will make before hitting the lamp.
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Quantum Quest

Solution
We define the motion in polar coordinates (7, ¢). The velocity v can be decomposed into radial and tangential
components:
d
d—; = —vcosu (1)
d
rd—f =vsina (2)

Note that % is negative because the butterfly is approaching the lamp (radius r is decreasing). To find the
trajectory shape, we eliminate the time variable dt by dividing Equation 1 by Equation 2:
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Separating the variables allows for integration. The radius r changes from the initial distance L to the lamp’s
radius R. The angle ¢ accumulates from 0 to 27N (where N is the number of turns).
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Using the logarithmic property In(R/L) = —In(L/R), we can remove the negative sign:
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Finally, solving for N, we obtain the total number of turns:
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