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teaching mathematics?

[Abstract. What’s the hardest math T've ever used in real Iife? Me,
myself, directly — not by using a cellphone or a GPS device that
somebody else designed. And in

“real life”

[ use addition and subtraction daily, adding up bills or calculating

4. Produce random elem_cnts ofg 7,8,9,10,11,12,13,14,15,16,17,18,
change. I use percentages often, though mostly it is just “add 15 Qﬁ,‘n(ﬁ,"‘ o oo W A o1£8130.20,20,49,60,60,62,68.50
. . . e . . fe die, unde d V. X X
percents”. I seldom use multiplication and division: when I buy in s G Binieion. Prepare | s o sgmiinis ; ST o
bulk hen 1 d k h iles 1 d 1 pu sy table} _ oAb S A 22050 10, 10,30 A8 8030,
ulk, or when I need to know how many tiles I need to replace my kil = ey g s e
. ) . . . . . yail?: "‘P[‘l.?, 51,7,8,54,10,11,12,13,14,3,18,27,
kitchen floor. I've used powers twice in my life, doing calculations e o) s P L A
X . ; it Ml
related to mortgages. I've used a tiny bit of 2 x 2 linear algebra for | w=-(0o01. oo)s L=t pivort ) | Haiins i Ao ian” o B =
Feed vy, ...,v, in or(h r. To feed a non-zero v, find its p:vota.l

a tiny bit of non-math-related computer graphics I've played with.
IAnd for a long time, that was all.
recently a math topic discovered only in the 1800s made a brief and
modest appearance in my non-mathematical life.

books devoted to that topic and a lot of active research. Yet for all I
know, nobody ever needed the actual gory formulas for such a simple
reason before.

- not while studying or

In my talk I will tell you how

There are many

I could be a Mathematician...

Matheamp-090T; Non-Commutative Gaussian Elimination and Rubik’s Cube ot

[The Problem. Let G = {g1,..-,ga) be a [The Generators

subgroup of S,, with n = 0(100). Before il = go -

Fon dis, sdertand G- purple = ;m 71.36,6,8,6,1,8,0.5.10,12,13,14,15, 16,17,
1. Compute |G|.

p. Given o € S, decide if o € G.
3. Write a 0 € G in terms of gi,...

16,
18,19,20,8,14,23,32,38,26,27,28,29,7,13,22,31,37,35,36,

44,45,46,47,48,49,60,51,62, 53,541,

G=My:={01;,025, - Onjo: ¥i,5i > i and o5, € T}.
Proof. The inclusions My C G and {gy, ..-,g.} C My
are obvious. The rest follows from the following
Lemma. M; is closed under multiplication.
Proof. By back ds induction. Let

M, = {og;, - Onga: Vi2 k,ji > i and o5, € T} .
Clearly M, M, C M,. Now assume that MsMs C Ms
land show that MyMy C Mj. Start with o ;M C My:

position i.

1. If box i is empty, put v there.

2. If box i is oceupied, find a combination v/ of v and u; that
climinates the pivot, and feed v/.

Non-Commutative Gaussian Elimination

Prepare a mostly-cmpty table,

Space for a g;; € S, of the form
(PDTON B8 B I )
So oy fixes 1,...,i—1,

sends “the pivot” ¢ to j and

ol

: 5
7;5(0050Ms) = (om00,) M5 C MyMs

3 4
L 01,5 (MsMs) C 743, M5 © My

(1: associativity, 2: thank the twist, 3: associativity

and tracing 44, 4: induction). Now the general case

goes wild afterwards, and
o7 “does sticker j”.

..or an Art Historian...

..0r an Env1ronmentahst

iy for curnt anthropogenic

(04,3408.35 *+ O3, F555*++)
falls like a chain of dominos.

Feed g1,...,ga in order. To feed a non-identity o, find its pivotal

position 4 and let j := o(d).

1. If box (,7) is empty, put o there.

2. 1f box (7, j) contains o5, feed o’ == o7}

[The Twist. When done, for every occupied (i,5) and (k,1), feed

0:;0k2. Repeat until the table stops changing. 2

(Claim. The process stops in our lifetimes, after at most O(n®) | 3

operations. Call the resulting table T :
6
7

Problem Solved!

|A Demo Program

In[2]:= ($RecursionLinit = 2°16;

n = 54;

P /: p P+ Pla__] := pl[{a})];

Tavlp_P] := P @@ Orderinglpl;

Feed[P 6@ Range[n]] := Null;

Feed[p_F] := Module[{i, j},
Forli = 1, plla]] = 1, ++il;
j =plld];

Claim. Anything fed in 7' is a monotone product in T:
[ owas fod = fe M=

(o125~ Onm Yird 21 & o3, € T) 7

Homework Problem 1. [Homework Problem 2. 9 I£(Head[s[i, j1] == P,
Can you do cosets? (Can you do categories ( ids)? 10 Feed[Inv(s(i, j1] ** pl,
1 (* Else *) s[i, j] = p;
7]9]2|8 12 Do {1z (Hesa(s (x, 11 == 7,
13 Feedlsli, j] * slx, U;
1.41813 1 Fosdlalk, 1] #» ali; 1]
6]10[11{12 1 1, {&, a}, 4, a}]
Rubiis |16 1D
& 13]14][15] s e
ROTARY CIRCLE he Results

[Ee———) s= (Feed[#]; Product[1 + Length[Select[Range[n], Head[s[i, #]] === P &]], {i, n}]) & /@ gs
t[31= {4, 16,
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left eye to Mona’s right eye in fixed time. Alterna-
tively, fix your blur-tolerance, and find the fastest]
path to do the same. For fixed blur, our camera|
moves at a speed proportional to its distance from|

(Goal. Fmd the least-blur path to go from Mona’SThe brachistochrone

the image plane:

How go
fastest?
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The Mona Plane

[Flatlanders airline route map
0 o 576
V10 mgh 252
V20 _ 167
V30 1 9 131
NVZT A 112
V50 103
100
PEED IBernoulli on Newton. “I recognize the lion| 103
—100 by hi »
umir| [Py his paw”. 112
| ParametricPlot3D[{ The Happy Segway
PEE Sin[u] Cos[Vv], P l
- 60 sin[u] sin[v], rlnCIP (§
LIMIT Cos[u] . .
}, {u, 0, 7}, {v, 0, 27}] A Segwa’y 1S ha’ppy lﬁ
p - both its wheels are
ParametricPlot3D[{
- 20 Sech[u] Cos[v], \
LIMIT Sech[u] Sin[v], / 1
115}15 AAY e u - Tanh[u]
Y, {u, 0, e}, {v, 0, 27}~ happy unhappy

Unhappy
Segway

Happy camera-carrying Segways above the Mona Plane

The Lobachevsky Space

N

The Actual Code
= pl.x-p2.x; y = pl.y-p2.y;

Two parallels = pl.d; d2 = p2.d;
through norm = sqrt(x*x + y*y);
i la = x/norm; b = y/norm;
one point X1p = a*x + b¥y;

= (x1p + (d1xd1-d2*d2)/x1p)/2;

Parametrization

r = sqrt ((x1p-x0)*(x1p-x0)+d1*d1) ||
xipp = (x1p-x0)/r; x2pp = -x0/r;
tthetal = acos(x1pp);

ttheta2 = acos(x2pp);

t1 = log(tan(thetal/2));

0'(t) = sin6(t)
4

I despise]|

The Mona Plane

t2 = log(tan(theta2/2)); the real
6 = 2 arctan et t3 = t1 + s*x(t2-t1); nunliyll;ers

thetad = 2xatan(exp(t3));

k3pp = cos(theta3);

d3pp = sin(theta3); Ops used. +,
IRotations, translations x3p = x0 + r*x3pp; = ><;'+,t\/',
and some basic geome- p3.d = r*d3pp; ;?:’cs:’ an,
try also occur p3.x = p2.x + a*x3p; . tan, log,

P3.y = p2.y + b*x3p; exp.




