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Today, we will talk about juggling. One of the most basic juggling patterns that you may

be familiar with is called the 3-ball cascade. It looks something like this:

If you’re intimidated by this image, that’s normal. It’s hard to communicate juggling patterns
in an image. That’s why jugglers have developed special ways to talk about patterns.

Definition 1. The ladder diagram of a juggling pattern keeps track of where each ball
is throughout time. The z-axis is time, the y-axis is position between the left and right

hands. There is one line per ball.
Problem 1. Finish the ladder diagram for the 3-ball cascade, in which at every timestep,

a ball is thrown towards the other hand, landing 3 timesteps later.
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These diagrams communicate the pattern effectively, but are still quite unwieldly to draw.
Instead, let’s introduce a numerical notation.

Definition 2. A sequence of numbers ay, . . ., a,_1 models juggling with vanilla siteswaps
by the following rules.

1. At time ¢ € N, a ball is thrown in the air for a; (moed n) timesteps.
2. The right hand starts, and the hand that throws the next ball always alternates.
3. Every ball is thrown to the hand that will be throwing when the ball lands.

Such a sequence is valid if it is never the case that two balls land at the same time. The
period of a sequence is n, the number of numbers in the sequence.

Problem 2. Explain why (3) in the definition above is equivalent to: “throw to the
same hand if a; is even, or opposite hand if a; is odd.”
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Problem 3. How can you express the 3-ball cascade in this notation?
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Problem 4. Explain why juggling with vanilla siteswaps is equivalent to one-handed
Juggling, where all balls are thrown and caught by the same hand. (By equivalent, we
mean that a sequence of numbers is a valid pattern in one model if and only if it is a
valid sequence in the other.)
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Problem 5. Are the following ways of throwing balls valid simple juggling patterns?
Draw a ladder diagram to figure it out!

1. 51 (a.k.a. 3-ball shower)
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