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THE GEOMET RIC MIND : |

An Introduction

FOE FRIEND

AN INTRODUCTION
The Graphing Calculat, as it is used now, is the enemy. No, this
is not an attack on technology. Gltan attack on a tool that has
taken the joy out of learning, of programming, of understanding.

If the graphing calculator is the enemy, who can wergalend?

The blank spreadsheet in a program most everyone has access to
Excel.

But isnd Microsoft Excel for keeping your checking accounts and
business applications? What good is it for the student?

What can possiblige done in Excel?
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This book provides an answerttwat question.

This is a compilation of a number of articles written regarding
math, science, designs, nature, and basically anything of interest |
canfige into Excel.

Each article is independent of the other: there is no structure.
Open to any paggou like and start reading!

THE GOAL
The goal offiThe Geomeic Mindo, Part I, is to whetyour
appetite giving you an idea of whas possible in the spreadsheet
environment. s a learning environment where the novice can be
up-andrunning in a shortime, not relying on the crude algorithms
of the graphing calculator.

Part Il of thefiThe Geomeic Mindo series will explore how
specifically to do all of thi$ plus more.

The presentation will be quick, explicit, with plenty of examples.
Thats thenature of the game. Get@mdrunning quick, and let
the joy in learning commence!

THE RIDDLE
So what do | mean byThe Geometric Mind? In due time!
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The Arete of Line Designs
February 22, 2008

AlS THIS THE FABRIC OF THE UNIVERSE? 0
fiIRoger Highfield describes a heroic mathematical
enterprise that could lay bare the fundamentals of
the cosmos. Mathematicians have successfully
scaled their equivalent of Mount Everest. Today
they unveil the answer to a problehat, if written
out in tiny print, would cover an area the size of
Manhattan. A two dimensional representation of
E8, courtesy of Peter McMullen and John
Stembridge.At the most basic level, the calculation
is an arcane investigation of symmeirin this case
of an object that is 57 dimensional, rather than the
usual three dimensional ones that we are familiar
with. Although this object was first discovered in
the 19th century. there is evidence that it could
contain the structure of the cosmos

The WK Telegraph

March 19, 2007

http://www.telegraph.co.uk/connected/main.jhtml?x
ml=/connected/2007/03/19/ecpattern19.xml
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| dond know aboutfthe fabric of the univergeand | know | dod
know a lot about what is being talked about at the E8 website, 57
dimensions, etcHowever, | do know the similarities be¢en this
structure and some of my line designs are strikingly similar

In fact, if | modify the line coloring, change and overlap the raidius
of the structue on the far left, the result is very, very interesting ...
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The Fabric of the Universe My Line Design

The Work of Scienfists and Me - playing around on fhe
Tremendously Powerful Compufers Computer

What3s going on, hereds there anything going on herel® there

any relationship between thed figures above™o | even care?
I6ve always enjoyed making these designs for the mere joy in
making them.Does there have to lseelevancy involved?

Some Thoughts on Line Designs and Pedagogy

In the quest to make mafhelevant and engagingtherehas been

a recent surge ifiLine Designs and ACurve Stitching. The re
creation of many pictures and the use of computers has made for
many design projects, but has it led to educational improvement?
How would we know if it had? What is the nature ofsthelesigns

that so fascinates both children and adults? What is the goal of
these designs? Towards what end? This workshop will explore the
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historical (including the George Boole connection), philosophical,
and pedagogical nature of line designs, with augoon good
designs and what constitutes the proper context / good
environment ensuringjoy in worko is realized, now and in the
future.

Math curriculum frequently includes line design lesson plans, a
careful structure on how to achieve a desired reaoll,a method

to grade the results. To ensure relevance to a topic, many line
designs are crafted to mimic some picture, such as a face or a
valentine. Furthefienhancemenésinclude many javaenabled web
sites affording ease of creation of these desigaghis integration

of line designs increases in math curriculun@ ihstructive to
consider what it is about these designs we consgEsd.

Mary Everest Boole, wife of famed mathematician George Boole
and known by many as the origin of this typeacfivity, said the
following regarding this process:

AThe beauty of some of the designs is unquestionable; and
there can be no second opinion about the value of the
method, as training, from the point of view of geometry as
well as from that of art. Whas not quite so obvious at first
sight is its bearing on the training of the unconscious mind
for science. Without the slightest intellectual strain it puts
the children through that normal sequence of orderly
attention to classification and detail, int@esrsed with nodal
points of synthesis, which may be called the very breathing
rhythm of the scientific discoverer.
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But to make this exercise of any use there must be no copying
from diagrams; the value of it depends on the child evoking a
curve, watchingt growing, under his fingers, from mere obedience
to a |law é and beauty has res
from obedience é the dautof thef
everywhere into hete by simple obedience to a rhythmic law,
lodges an impression @he unconscious mind which will be ready

to surge up in ten yeditme.o

Clearly, what we as adults considgood qualities are necessary
conditions for a good activity, but are they sufficient? Ms. Boole
addressegorderly attentiod and &classificaton of detaif leading

to doeautypas the result, with a particular benefit the training of the
mind for future excellence. How is this process captured in a rubric
concentrating on product? To emphasize this point, Edith
Somervell said the following abotibe fiprocess versus prodact
dilemma:

fiBeautiful curves are produced by a process so
simple and automatic that the most inartistic child
can succeed in generating beauty by mere
conscientious accuracy; and the habit of doing this
tends to produce a kedeaeling for line. It has also
been noticed in some cases, where clean, pure, and
strong colour has been used, that a remarkable
sensitiveness to colour relation has growiThe
results obtained by a child, of exquisite curved and
flower forms on the&bacld of his card, by faithful
obedience to a dull little rule in making straight
stitches on théfrontd is of the nature a miracle. It
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should, therefore, be hardly necessary to insist that
the less said the better, when the little worker
produces anything specially beautiful or
unexpected

What as adults can we do regarding the working environment to
ensure a good process with beautiful results? What types of
designs are appropriate for children? How do we transidué

little ruled into practice? Andifally, if the method is so powerful

we can see the impression years down the road, how can we ensur:
the children continue creating such designs outside the classroom?
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Our Own Writing System

March 6, 2008

Alphabetical system$ numeric conventionsg hieroglyphics 1
experts study this at great length, properly marveling at the
civilizations inventing such systems.

What would it take to invent our own system?

Consider the grid below.Our goal is to populate it with
something, and thisiimaged will be ou new fhieroglyphic
systend. But populate it with what?l want the image to look
elegant, and in doing so, | recognize a numbefsymmetries
possibly existing.

Consider the image on the right: if | populate sector 1, | can fold
this over, and | have sector Z.aking these two sectors together
and folding them across the verti@lis | have sectors 7 and 8.
Taking these four sectors and folding them otlex horizontal
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axis | have the remaining 4 sector$herefore, to populate this
grid with complete symmetry, all | need are elements in sector 1.

Letés go ahead and randomly populdector b, sprinkling black

cells throughout it. This being done, andemembering the 7
remaining sectors are merely copies of this one sector, | can create
the entire grid.

This sector is copies
among the rematung 7
sectors by syrametries.

LETTING THE ROUTINE RUN
Fine. Bve done this for onegitern What about other patterns?
What happens if | justandomly populatéSector D and see what
happens:
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ADDING SOME STRUCTURE
This looks great!Now letss see if | can add some structure to it.
Letds suppose a black cell is equal téila, and a white cell &00.
If I have all these 1s and Os, surélgan aggregate them to make
sense. And if | can generate a string of 1s and 0s, is this not
binary? So if | have a binary representation of my visual structure,
| can then translate it into a familiar decimal numbEnat is;

1000
1 01 I can translate this "binary
01 number" into decimal
1 format.
=1000101011

I can denote my structure
three ways: decimal,
binary, and visual
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ABINARY SYMMETRIC HIEROGLYPHICS o
AN INTRODUCTION
A structured set ofbinary symmetric hieroglyphicslooks as
follows (from 1 to 40), with the second image starting at a much
higher number to give an idea of how the image changes:
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The Simplest Equation in the
World

The Mandelbrot Set

March 12, 2008

What comes to mind when | s@igeometrg? Triangles? Spheres?
Generally, shapet and maybe proofs regarding the similarity of
triangles, distance formulas, and the Pythagorean Theorem? What
shage is a basketball? Sphere. What shape is a football field or
basketball count? Rectangle. How do planets orbit the sun?
Elliptically. The answers come so quickiym certain | know quite

a lot about geometry. What about a fern? The clouds? A
snowflake? Ddhese havéshapeg?

These are all the result of nature, and freyotiimathrelatedd? |
didnd initially believe soi until | saw the following createby a
very simple math formula:
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What love found, however, is an amazing story about an amazing
man who developed the wofflractal® and discovered the abe
graphic using a very simple mathematical process. Until the
discovery of the computer, such a process was theoretical only; the
shear amount of computations required to do this was
insurmountable. However, in 1979, Benoit Mandelbrot undertook
this probém with the aid of computers. What exactly did he do?
More importantly, can do it?
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The Nature of iComplex Numbers
Normally, we view numbers as behavingregularlyo. For
example, if | continue to double a number, | go from2l- 4 - 8 -
16 ... No mystery here.

What happens if | multiply two complex number€xid things!
Sometimes!Infinitely! Unexpectedly!

Lets see why €
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Multiplying Comp lex Numbers

Z=a+bi
7} = (a+bi)°

=(a+bia+bi)

=a’ +2abi+ b it =-1
I want to combine the

real and imagmary
parts of this complex
Z* =a* + 2abi - b st

Z* = (@® - )+ (2ad)i

Here is not the place for how the images below come into bieing
tha& done more practically at =EQUALS=, locatbdre. Here,
& just like to show a little of whét possible with a simple
formula, iteration, and massive computing power at the ffipge
of the average persormBelow are pictures dithe Mandelbrot Set
zooming in to great magnification.
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Visualizing Prime Numbers

April 14, 2008

Earlier, | talked about Prime Numbers from a geometric
perspective.In doing this, another thougltame to mind: Euclid
(poorly, I believe) showed there are an infinite number of primes.
Wedl investigate next week my claim about Eudigroof. In the
meantime, how could | see whéa lot of primes look like?ls
there a pattern to themi® therea pattern in here, somewhere?

Prime Numbers Less Than 1,000

2 73 179 283 419 547 661 811 947
379 181 283 421 557 673 821 953
5 83 191 307 431 563 677 823 967
7 8% 193 311 433 569 683 827 971
11 97 197 313 43% 571 691 829 977
13 101 199 317 443 577 701 839 983
17 103 211 331 449 587 709 853 991
19 107 223 337 457 593 719 857 997
23 109 227 347 461 599 727 859

29 113 229 349 463 601 733 863

31 127 233 353 467 607 7738 877

37 131 239 359 479 613 743 881

41 137 241 367 487 617 751 883

43 139 251 373 491 61% 757 887

47 149 257 379 499 631 761 907

53 151 263 383 503 641 76% 911

59 157 269 389 509 643 773 919

61 163 271 397 521 647 787 929

&7 167 277 401 523 653 797 937

71 173 281 409 541 659 809 941
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| could never tell looking at a table of numbers like thisow
could | present them so | could s@e pattern, if it existed? The
only way lbve ever plotted points is with the traditiorfi@lartesian
coordinate systemCan anything come of itThe first prime is
fi20, the nexti3o, etc. |6ve somehow got tdmove aboud the grid,
and m just supplying numbers.

Movement About the Grid
What if | fimoved aboutthe gricdd by creating evenhgpaced
angles, and then moving up an imaginary line on that angle by the
distance of the [ime number?For example, if | evenly spaced out
the angles by 45 degrees and started plotting the prime numbers,
what would happen™Mere&s a start:
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prime angle

2 45
3 90°

5 35 o
7 180° '

) .

13 270° e

What hagpens if | let this run for the duration of niiL,00®
primes above? etss see:

Primes Less Than 1000 with an Angle Shift of 45

Degrees.
-
-
|
n
|

n - ]
| |
n u o
l-. : .l.
u
n, . .
I. : ..
l-. = -I

E

o
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Certainly, theré a pattern here, but@ not very interesting.
Whats going on? Because dve chosen 45 degrees as my shift, |
plot on the 0, 45, 90, 135, 180, 225, 270, 315, 360, ®iace 360
degrees = 0 degrees, | merely plot on the same lines, the points
moving outwards as the points themselves grow bigger.

So what happes if | choose a degree shift that does not go evenly
into 3607 Letés choose 14:

Primes Less Than 1000 with an Angle Shaft of 14

Degrees.
n " -
. =
n u n m
a L] "
- [ " " n = ||
] n ™ L]
m " = [ ]
|} ] L] - ]
] ] N mn - .
] . ™ L L] ]
n .. - < =
n -~ u n .-".- a n -
L] - ] [ u L]
] - : . & -
] [ ] = l. .. ] ™ L]
. | | - ™1 .l.l l. "]
[ ] ] u [ ] ™1
" [ ] - " e mgn” ™
= W ]
= = . L . ® " m
[
n " . 2 B =
= a
] ||
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Simulation Continued
Now wede talking. Tis is a type of patterngh interested i
something interestingNow | see there arat leastwo variables of
interest to the creation of f@ood graph: the number of primes
IGm graphing, and the degree shift.

Prumes Less Than 25000 wirb an Anghe Shaft of | Prunes Loss Than 29000 wub sn Anghe Shaft of & Prwwves Lovn Thom 29000 ush s Anghe St of 19
Degrees Degives Degrows

Pranes Loes Thom 29000 vk sn Anghe St of 11

Prumes Less Than 29000 vl sn Angle Shaft of 18 Promes Less Than 29000 with an Angle Shaft of 149
Degrves

Extending the algorithm to a larger set of prime numbers, and
reversing the colors, yields some very interesting results!
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Prunes Less Than 250000 with an Angle Shuft of 2.2 Prunes Less Than 250000 wath an Angle Slufr of 16,75

Degrees

Pretty Pictures - Pretty Math
The pictures are neat, but wégainore neat is the math necessary
to create them.té all accessible to any higéchool student.A
portion follows:

|6ve got a circle, and | clearly need to do something withAfe
obviowsly need a circle, and given this circle,Geetrying to findi
andplot T pointson it. Let&s label the point on the circle as,y).

After all, this is what &m trying to find. What elsedo | need to
know? Well, what is the center of the circld=br simplicity sake,

letés label it (0,0), and correct for this lateFinally, how big is our
circle? We havei specified that, so I& assume our circle has
radiusr,andlesput i n 45e as somet hing
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But how do | find k,y)? A bit of trigonometry helps in this regard,
as | know the following relationships:

opposite cos(6) = aajacent tan(6) = opposite

hypotenuse R hypotenuse adjacent

sin(ég) =

It seems simple enouglsubstitutex, y, r,and 45° and | can arrive
at sine and cosine relationships, enabling me to solvwedndy:

cos(45%) == sin(45%)=2
r ¥

x = rcos(45°) 3= rsin(45°)
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But plugging these into my spreadsheet, | do not get points looking
reasonable.The formulas, dm certain, are correct, yet the results
are not. Why not?

A bit of research revealdicrosoft Excel does not perform
trigonometric calculations using angles, but rather by radians!
Therefore, to properly use my formulas, | must convert all degree
measurements into radians.

What are radian$ and how do | convert degretsradians?Leté
find out.

Degrees to Radians
Look at the following circle with radius 16ve got three distances
labeledr here, two actually are the radius, defined by the distance
from the center of the circle to the outside. The other is that same
distance, buthis time measured as we move around the circle.
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Now, the question ishow many degrees have | measured when |
move the distance r around the circle? 1 radian.

fiRadian is a degree measurdts | ess t han 90e,
45¢e, you can tell jJjust by | ook

But howfar exactly? LetGs see.

One radian takes me a The circurnference of a
distance » around the circle 15
circle. C=2xr.

S

There are 27 radians in a

circle.
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So if | move P radians around theircle, 1Gn back where |
started.3 6 0 e .

p radians anddn only halfwayaround the circlel 8 O e

Whats the general method of converting between radians and
degrees?

You really dor@ have to remember any formulalsistead, think of
this: there are two wasyof going all the way around the circle:

1. by radians, and we know there aperadians in the circle.
2. by degrees, and we know t he

Since wé&e going around the circle, these two must be equal.
Therefore:

2pr adi ans = 360c¢
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Therefore:

I&m closing in on the answer to my questidrow do | translate
degrees into radiansAbove, | gave an expression for one degree,
but | dor@ have one degreel have lots of different degrees.
Fortunately, the translation is now easy.

If &M considering 45°, for
example, my conversion
formulas would look as
follows:
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