LAMC Beginners’ Circle

Oleg Gleizer
oleg1140@gmail.com
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Problem 1 Ezplain how the 27-card trick works.
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A bit of useful algebra

For a non-zero number x, the number z~! (z inverse or z to
the power negative one) is 1/x. For example, 57! = 1/5. The
following will help us later on.

One can consider x not as a number, but as an operation of
multiplying by z, xz. In this case, 7! becomes the operation of
multiplying by x inverse, x1/z. This operation undoes what the

1
operation xz does. For example, 78 x 5x 571 = 78 x 5 x — =78,
D

Problem 2 Write down the Jollowing numbers as fractions. Sim-
plify when possible.




Problem 3 Compute the following. Simplify when possible.

49 x 771 = £x 3 = 1

471 % 3 x D= gx3x2 T — = i)

23 x 107! = 22x75 = 5 = 2% = 2.3
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Problem 4 Find a number x different from one such that z—! —

r. How many numbers have this property (coincide with their
own tnverses) ¢
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Permutations and the 15 puzzle

The ultimate goal of the mini-course we begin now is to learn
solving the 15 puzzle (when a solution exists).

T'he puzzle consists of a 4 x 4 frame randomly filled with 15
squares numbered one through fifteen. The objective is to slide
the squares in the proper order, left to right, starting with the
top row as on the picture below.

15 puzzle

The mathematical foundation of the solution is the theory of
permutations. The theory not only helps to unravel the puzzle,
but also comes quite handy in a wide variety of applications.,
from card tricks to quantum mechanics. It will take us a few
classes to learn the basics. In the meantime, you are encour-
aged to get the puzzle, either in the solid form or as a smart-
phone/tablet app, and to start playing!



Consider a set of marbles numbered 1 through n. Originally
the marbles are lined up in the order given by their numbers.
The tollowing picture shows an example with n = 3.
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Then the marbles are reshuffled in a different order.
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A permutation is the operation of reshuffling the marbles (or
elements of any set). The one shown in the example is written

down as follows.
1 2 3
3 1 2

Instead of the numbered marbles, we can reshuffle distin-
guishable elements of any set. For example, let us consider the
following geometric figures rather than the marbles numbered

1, 2, and 3.




