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Abstract:

The double twist refers to 720 degree rotation of an
object around a fixed axis. This loop of rotations can
be continuously deformed, through loops, to the trivial,
stationary loop. Physical demonstrations of this
”untangling” property go by the names of the Dirac
Belt Trick, the Dirac String Trick, and the Waiter Trick
(also known as the Indonesian Candle Dance). This talk
will describe and animate a particularly simple and
explicit untangling. We’ll go on to discuss the behavior
of arbitrary untanglings of the double twist and their
action on vectors in R3. Along the way, we’ll meet
fundamental groups, quaternions, and projective spaces.
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K is sent to K exactly once during the entire nullhomotopy H, and also
illustrates the Reversal Theorem. On the other hand, we see that J is sent
to J infinitely often by H, since rotation by  around any axis in the x-z
plane does so.

6 Where do all the vectors go?
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Figure 9: Evaluating H on a direction in 3—space

In this section we consider the e§ect of H, and of other nullhomotopies
of the double-twist, on vectors in S2. Although we have formulas for H, and
even have graphs of its rotation axes and angles, we don’t have much sense
yet for how it carries frame vectors around.
We have seen that H uses precisely all the rotations in the subspace P of

SO(3), and uses them most e¢ciently. We will analyze how rotations from P
act as an ensemble on a vector, and howH is related to other nullhomotopies.
Our conclusions will be visible in the animations we provide for H, and will
help guide us in learning how to wave H with our hands.

6.1 Collapsing RP 2 via clamshells

Given a unit vector v 2 S2, consider the evaluation map ev : SO(3) ! S2

defined by applying a given rotation in SO(3) to v. We are interested in the
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