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figure 7.20 The momentum vectors of the two balls after
the collision add to give the total (initial) momentum of the
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Falling cat problem

From Wikipedia, the free encyclopedia

The falling cat problem consists of explaining the underlying physics behind the common observation of the cat righting
reflex: how a free-falling cat can turn itself right-side-up as it falls, no matter which way up it was initially, without violating the
law of conservation of angular momentum.

Although somewhat amusing, and trivial to pose, the solution of the problem is not as straightforward as its statement would
suggest. The apparent contradiction with the law of conservation of angular momentum is resolved because the cat is not a
rigid body, but instead is permitted to change its shape during the fall. The behavior of the cat is thus typical of the mechanics
of deformable bodies.

The solution of the problem, originally due to (Kane & Scher 1969), models the cat as a pair of cylinders (the front and back
halves of the cat) capable of changing their relative orientations. Montgomery (1993) later described the Kane-Scher model
in terms of a connection in the configuration space that encapsulates the relative motions of the two parts of the cat permitted
by the physics. Framed in this way, the dynamics of the falling cat problem is a prototypical example of a nonholonomic
system (Batterman 2003), the study of which is among the central preoccupations of control theory. A solution of the falling
cat problem is a curve in the configuration space that is horizontal with respect to the connection (that is, it is admissible by
the physics) with prescribed initial and final configurations. Finding an optimal solution is an example of optimal motion
planning (Arbyan & Tsai 1998; Xin-sheng & Li-qun 2007).

In the language of physics, Montgomery's connection is a certain Yang-Mills field on the configuration space, and is a special
case of a more general approach to the dynamics of deformable bodies as represented by gauge fields (Montgomery 1993,
Batterman 2003), following the work of Shapere and Wilczek (Shapere and Wilczek 1987).
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Doraemon jumps up with a bamboo copter. The size of the propeller must be large enough to stick out of the head, and the double
propeller is devised to reduce the total angular momentum to zero by rotating in the reverse direction. When you add your hand, the
downward wind turns back and accelerates upward. The airflow is more stable in the university seminar room than in a small home. We

are shooting a video of physics teaching materials, not playing with.
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