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=EQUALS= is a math, science, programming,
and critical thinking club for students, parents,
and teachers. The club is for persons of all ages
and abilities, and is for those who not only enjoy ____
math/science, but those who don't as well!

The goal of =EQUALS= is to look at fractals,
simulation, statistics, chaos and complexity,
engineering, math, astronomy, etc., from a new '
perspective - and actually do the work.

See the site for meeting information, contests,
and a year-end "Mandelbrot Celebration!"

=EQUALS= is realy about YOU doing
SOMETHING! And in this regardShakespeare is
the club spokesman!
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Some Goals / Advantage

The Joyof Investigation and Discoveryin Learning

MULTIPLE ENTRY POINTS

There's an infinite number of
things to studyv. Pick
something that looks

interesting and get going!

QUICK VALIDATION

You know immediatelv if
vou've done something right -
or wrong. Fix it and move on!

PROCESS BREAEDOWN

The spreadsheet format allows

and processes.

THE REAL WORLD

Pascal's Principle. Astronomy.
Apportionment. House
Payments. Archimedes. The
applications are right in front
of us - and accessible to all!

SMALL LEARNING CURVE

Most software has a steep
learning curve. Excel really
does not.

SELF-PACED

As there are 1,000 ways to
skin a cat. and so too there

SOFTWARE AVAILABILITY

Most people have Excel on
their computers.

PROLONGED ANALYSIS

You reach a point of success -
or failure - and want to rest.

are 1,000 ways to solve every Fine. Save vour work. Recall

problem.

RIGHT AND WRONG

To get started doesn't mean it
vou to breakdown calculations | has to be exactly right - but it
must be something to get you

started!

THE "NEW" MATH
Chaos Theory. Fractals.

Simulation. Iteration. A "New

Kind of Science". Strange
Attractors. The "new ma

"is

the file. Improve the process.

MANY WAYS TO START

Often, [ see something neat
and just want to understand it.
Fine. Replicate it. Copy it.
The key thing is to get started!

PROBLEM SOLVING

Most math is within reach of
most students. It's how to
organize thoughts and data -
to truly problem-sobve - that is

also right in front of us - and | the result of doing the work!

accessible to all!

ANEW LOOK AT MATH INTERDISCIPLINARILY ... A CAPABLE MIND

Simple logical thinking
processes to understand not
only math, but the world
around us.

And effortlessly integrating this

into the world around us -
truly in an interdisciplinary
format -

With the end-game not only
authentic explorations into
reality, but the realization we
can do it!

cell-formatting

pivot tables

programming

scatter plots
simulation

formulas

line draw
animation

data organization



The Certification Prograr

So what is the Certification Program?

So what is the Certification ProgranThe 5Levelicour se o0 i s
to providedirection onspecificprojectsi something concrete you calo on
your owni leading toyou working onyour own projects and/our own
interests!

What is Involved?

Letdbs answer this question by I|o

In this booklet areb projects. As this is théLevel 10 booklet, each
project is vey explicitly laid out, and assumes the reader has little
knowledge of the spreadsheet. In later Levels, such detail is not needed ar
in fact, is more a burden than a help.

The steps are spelled out, in depth, not only in this booklet but the
spreadshestthemselves.

To begin each projectherei s a bri ef Aintuiti

you an idea of what 6sWhatydosegthe
What 6s the i ssue?
Once this fAintuitive introduaenti c

how to complete the project Thatés 90% of the p

All the Rest
Andtherest?For each project, now t hat
it a bit. In Project 1for example, we randomly walk os¢gep North, South
East or West What if we change it to walk a random distance between 0
and?2 steps? And instead of walking vertically or horizontally, we can walk
anydirection? These are (sometimes) simple extensions of the projects, bl
often lead to very interestirigand unexpected results!



Tre Certification Progran

THE CHECKLIST

At the end of this booklet is a checklist of things to accomplish.
Compl etion of t hi basbeerp s sned.ns HALE
code, but there is a cavdaa warning: Levels 2 5 build on skills learng
here. The simple macro structures learned ,hiene example,are used
extensively later.Get used to them héreGet used to playing around in the
spreadsheet! Thatés really the g
YOUR FEET WET!

And remember the inpction of Shakespeare:

Andy' s soul | i es i n t|



THE RANDOM WALK

INTRODUCTION
Suppose weatarted at a certain point, anthen walked,
randomly, up or down, left or right.Then we keptaking
random steps Where would we end u

Let 6s try this with just 10 ste
saying(silently)to yourself( r and o ml y Y LEFTTfURT OEDHNVIN 0
and then plotting thatew step Do thisbelow, four different times, in each
grid taking 10 random steps.

-] -]

4 4
3 3
2 2
T T
0@ LA 4
-5 4 3 2 -1 1 2 3 4 3 -5 4 3 2 1.4 1 2 3 4 3
-2 =2
-3 =3
4 =4
- -
4 4
3 3
2 2
T 1
iR ) *®
5 4 3 2 1.0 1 4 3 5 4 B3 2 1.0 1 4 3
=2 =2
=3 =3
=% =4
= =
Now,le 6s go about automating t
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THE RANDOM WALK

LET6S BEGI N
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STEP 1: Calculatethe First Move
Suppose westart at Position (00). We want to move, rawdnly, right or
left, and up odown How do we do thisdn columns B and C, weill use
the ARandond function ¢that is,a random number between 0 anddlinove.
The formula is:
=if(rand()>0.5,1) 1) Type this in cells b5 andbc

This is read as followsif our random number betweena@d 1 is greater

than 0.5thenput ddin the cell, ELSE pt ad 16in the cell.

STEP 2 CalculateOur New Position
Columns D & E plot ourcurrent position after each move What is our
currentposition afteany move?
Current Position = Where we werdiMext MoveD.

The formula, then, for cell d5:is
=d4+b5

Copy this formula to cell e5

11



NOTE
If, at any time, yodre not sure if its calculating properly,
hit the F9 KEY to recalculate!

STEP 3: Calculate our Move and Position for all 100 Moves
That 6s j ust opyeellsines and thenhasta for at 100
moves.

STEP 4 Graph the Data
Wedbve got a table of numbers, but
tabl e. Ther ef or e, Seldctedll écarrengy positpdh t
coordinates (cells d4:e104hd using the puldown mens, SlectfinserDd,
and therfiScatter Plai.

NOTE
After youbve created the graph, the graph is at the bottom
of all the data points. | dod like that. | always highlight
the graph, right clickficutd, and then come back up here,
and right click fipaste.

NOTE 2
This is now afiRandom Walk. Everytime you hit thefiF90
key, (recalculate), the random walk change§here are a
couple things yodl notice, and may want to change:

STEPS5: Seeing the Route Better
These are just points, and you wantoate. Select the data series in the
graph, right click, and sele¢iFormat Data Seriés Underfline colom,
selectiisolid lined, and choose a color.

12



STEP 6: Fixing the Axis to See the Route Better
The routes bounce all over the plad&hy? The axis valueare changing.
Lets make them fixed.

Selectany humber alonthe x-axis, right click, and seledFormat Axi®.

UnderfFormat Optiong, change théMinimum and Maximur to fiFixed),
and set these 0 (minimum) and 20 (maximum).

Repeat the process fitre y-axis.

STEP 7: Reshape the Rectanguldrooking Graph
Our coordinates suggest a square graph, but it dolemk square. Reshape
the graph to be square.

OTHER IDEAS

What else? Here are some idea® play around with:

IDEA 1. Add the Start ad End Point
This is the route of 100 random moves. We always started at (0,0)sbut it
hard to tell where we ended. Add a data series to show only these tw
points. An i dea: because web6re adding
spreadsheet, credtee template for the new series, something like this:

x ¥
start: 0o 0
finish:

13



And the Afinisho coor direfeachce o the lastWe

move, so every time we run the j
updated!
And now what ? Now weesneeed t o fAadoc

Adding a Data Series
Click on the graph, and, from the pdllo wn menus, sel ec
on NSelect Dat ao, and then AAddO.

The options -wadlowe sidcSeawd b &s 0, exal ¢
iSel ect Ranged but t ohthe appFopriate rarme di
values in the spreadsheet.

IDEA 2: Write a Program to Show 100 Random Routes
Wede hitting fiF90 to recalculate. Write a short macro to simulate 100
random routes.

Remember, the key to writing most macros is figuring outtwtade

doingd manually. Once you know that, turn on the maeezord feature
and do that! To do this,underthe pulkdown menufiDevelopeo, select
fiRecord Macro¢, and then do youteystrokes.

Once done, turroff the MacreRecord featurewith fiDevelopero, AStop
Recording.

Now, go back in and see what the macro recorded, clean up the macro to
what you actually want it to do, and then run & sample macro for this
project might look like:

14



Sub Macro4()

For LOOPING=1 To 100
Calculate

Next LOOPING

End Sub

IDEA 3: Randomize the Moves Even More
Wedve restricted our movements to steps of 1 unit long. Change this to be
randomdistance beveen 0 and 2.

IDEA 4: Graph the Ending Points for Many Routes
Youd like to capture the results tife 100 random routes. Where did you
finish? Write a short macro to capture these 100 ending points, and grapl
theresultsWe wi | | ¢ ov er,butdive some tmoughtitostlv e |

15



THE PRIME SPIRAL

INTRODUCTION
Graph prime numbers below 10,000

To get an idea what this meaingo graph prime numberisle t 160k at
just 10numbers andmt even pr i mes .Butingwghing 1,
something, we needsecondcoordinated o n 6 tInsteasl 8f a coordinate,
|l et 6s move a egeestamundthercicmber of d
For exampl €01 the harizbrdal axi$ andgb over bne unit
(circle) and make a point. Now advance 45° and make a point at two units
Moveanot her 45A (youdre now at 90A)

untlyoudve completed all 10 points.
20°
135° 450
‘\
180° 0°
225° 3150
270°

YougettheideaBut here wedOve assumed

happens when this changes? What happens if we plotted just prime:

L e tgét started!
16



THE PRIME SPIRAL

LET6S BEGI N

STEP1 Web6ve Got the Number: We
Wede trying to plot the
prime numberdy changing
the angle. For each .
Prime Angle
number, then, the angle 2 45
must change. L& say this 122
change is 45 degrees, in ce

180
bl.

L

—_
—_

225
270

—_
[

Starting with angle 0, eact

angle must be a nftiple of

our idegree changenumber. In cell b4, then, the formula is:
=b3+b1l

If you copy that formula down, ydll see the values ddnlook like they
should (0, 45, 90).Why? We no longer are referencing Cell b1. We need
to flanchobiit.

In cell K, then, the formulahould be
=b3+$b$1

17



Copy this formula to cells b4:b1231.

Now, you see each cell formula still recogniaéb$10.

STEP 2 But a Problem Arises
Wedre wuse to worBxdeldaps notrecoghieegdegreeis ,
only radians! See the end of this document for more information on how to
do this. Addi ti onall vy, we ol | see why |
familiar formula.

In column C, change degrees to radians with the formula:
=h3*2*3.14159/360

Copy this formula to cells cd1231.
STEP 3 Finding i and Graphingi the Coordinates
Right now, wéve got a distance and an angle for each point. These are
fiPolar Coordinates
We wantfiCartesian Coordinatési.e.,x andy coordinates. Therefore:
in column D, the formula is:=a3*cos(c3)

in column E, the formula is: =a3*sin(c3)

Copy these formulas to cells d4:e1231.

18



OTHER IDEAS

What else? Here are some idea® play around with:

IDEAL1l: We 6r e Ent er iinagd HittingeF9 DMagually.e s
Write a Macro to do itAutomatically
Wede done! But are we? This is based on a sifdggree changdigure.
Write a short macro to change this figure from 0 to 360, increasing by 1
degree.

A hint: since cell B1 is the important cellhérée hat i s, i tifos
we changets value, the graph changéd et 6 s have our m
to that cell. For example:

Sub Macro4()

For LOOPING =0 To 360
Range(fAiBl10).value = LOOPI NG
Calculate

Next LOOPING

End Sub

IDEA 2: The Prime Numbers
Getting back tgrime numbers, wdre did the prime numbers come from?
Iove put the prime numbers here. Write a program to calculate them
yourselft We  wi | | cover this i n ALevel :

19



FUN DESIGNS

INTRODUCTION
To embed a triangle within a triangle, continually using the
midpoints of each segment.

To get the 100 ®
start with any three points
and onnect theepoints.

Next, find the midpoints
of theseline segmentsand
connect these points 50

And continue!

75

0 5 50 75 100

Letbébs try a couple more:

100 ® 100 ®
75 75 @
50 50
25 25
(N ® e
0 25 50 75 100 0 25 50 75 100

20



FUN DESIGNS

LET6S BEGI N

STEP 1 The Start of a Graph
Create a scatter plot of the three poin¥®u know how to do thisAlready
seeing how to format the graph, resetitlamdy-axis ranges to:
minimum = 0, maximum = 200.

This will be a line graph, so reformat the dakries to include a line.

(Remember: to reformat the graph, click anywhere on the data series in th
graph, right click, and select Afc

STEP 2 Finishing the Triangle
You see, with these three points, we dgmeet have a triangle. Toomplete
the trianglewe need ourZpoint to be the same as the first point.

In cell b7, then, reference the first point with the formula
=b4

and copy this to cell c7.

21



Hitting the recal cul at a cokmpmete triangl® ) ,

despite addingthé™p oi nt . Why not ? The da:
only for the first three sets of points we highlighted.
Letdés change this. Click on the :

Bar 0 ab ov ee ctlirederegcesabp:i6 artd khd:c6. Change these to
b4:b7 and c4:c7.

Hitting the fAentero key to exit
complete triangle.

And since webre about to add many
not just the ifst four points, but about fourundred Change the series to
b4:b400 and c4:c4D

STEP 3 Constructing the Next Triangle
For our next triangle, we need to find the midpoints of each of the
corresponding line segmenté/hat is the formula for suchraidpoint?

The formula for the midpoint dfvo points A and B is (A + B)/2

In cell b8, then, the formula is
=(b4+b5)/2

We want to copy this to cells b8:c10

As before, we need to close out this new triangle, by bringing the line
segment back to theitial point.

In cell b11, then, reference the first point with the formula
=b8
and copy this teell c8.

22



STEP 4 Many Triangles Quickly
You may be thinking: this is going to take a long time, entering all these
formulas. You may also have noticdase last four rows all reference the
cells above them.

Therefore, fiwe copy these four rowells b8:c11) into the next four open
rows (select b12:c15yedl haveour next triangle!

AND SO ON!

OTHER IDEAS

What else? Here are some idea® playaround with:

IDEA 1: Moving Other Distances Along the Triangle
Are we done? Maybe. This triangle figure only movetheway. What if
we moveYs of the way? 90% of the way?
As we didin the Prime Spiral figure, Ié& create a reference number inl cel
C1. This will be a number betwaed and 1 (Right now, for example, by
using the midpoint, webdbre really e

What do we need to change?

Everywhere we previously sa{@+B)/2, we need to change this formula
See theend of this docun for further reference.

23



A general formula for the new point is:
(Distance between Two Point$yo Move) + Start Point
or

(End Pointd Start Pointf (% Move) + Start Point
or
=(b5-b4)*$c$1+b4

Copy this to cells b8:cl@nd redo the process,ws did above.

IDEA 2: Create an Animation to Show these new Distances
Are we done? Maybe. Create a short macro to go from 0 to 1, showing a
these images.

The macro could step from 0 to 100 and then divide each number by 10(
Or the macro could ep from 0 to 1, but then you must tell itiBtep 0.0d.
These two sets of commands are identical:

Sub Macro3() Sub Macro3()

For LOOPING =0 To 100 For LOOPING =0 to 1 step 0.01
Range("C1") value=Looping’100 Range("C1") value=Looping
Calculate Calculate

Next LOOPING Next LOOPING

End Sub End Sub

24



SYMMETRIC DESIGNS

INTRODUCTION
To createrandom and symmetric design

We 6 goimg to make a neat desiginra symmetric desigh symmetric

aboutacetersquareLook at the grid on the
only a colored sqguar emoiemworkthdo. \Wihd d

themiddle examplei t 6 s e a s yo extend tlsisesynmabatallw How
would you complete the symmetry fdnetgrid on the right?

) —

25



SYMMETRIC DESIGNS

LET6S BEGI N
To createrandom and symmetric design

STEP 1 Create the Random Part of the Grid
Suppose we start with a 5 x 5 grid. What does it take to create thi
symmetry? Letds see:

Because of symmetry, Because of symmetry, Because of symmetry,
I can fill these three I can fill these six I can fill these ten

STARTING GRID cells by referencing cells by referencing cells by referencing
the appropriate cells. the appropriate cells. the appropriate cells.

2 4 1(2|/412|1 112421

23 23|58 2|13/5(3|2 2|13|5(3|2
4|56 4|56 4|56 5 4 4|56 5|4
2|35 3(2

1 2/ 4/ 2|1

As you can segll cell entries are based on only the six numbers in
STARTING GRID (far left) Wede now going to be working in the
fiWorking Grido

Letés randomize what we put in these six cells with our familiar
=if(rand()>0.5,1,0)

formula This returns, with equalrobability, O or 1.

26



STEP 2 Finishing the Grid
Use Cell references to make the entire Working Grid symmefriat is,
because our grid is symmetric, each empty cell is now equale®f these
six cells. We merely have to say =(whatever ¢ell)each of these empty
cells.

Follow the outline as shown on the display. For example, because o
symmetry, ck M18 is the same as19. Therefore, in cell &8 we putthe
formula:

=L19

But these are allnumbers and we wantcolors Weie going to
condtionally format our cells to show everything as either black or white.

What we want is to make both the fadnandthe background blacki IF
the cell value is 10n the other handf ihe cell value is 0, we want both the
font and background to be vti

STEP 3 Creating Black Cells
Highlight the entirefiworking Gridd, andUnder the Home menu option is
the pulldown menuiConditional Formatting

We want tofiHighlight Cells Rules, and seleciequal t@ 1
with: (custom format):
make the font calr BLACK
fill the cells with BLACK

In doing this, you can still see the zeros. Gehake these zeros WHITRy
doing the same thing as above.

27



STEP 4 Creating White Cells
We want tofiHighlight Cells Ruleg, and seleciiequal t@ 0
with: (custom érmat):
make the font color WHITE
fill the cells with WHITE

OTHER IDEAS

What else? Here are some idea® play around with:

IDEA 1: Making Our Grid Bigger
Are we done? Of course not. How many different symmetric designs are
therehere? What happs if we add a column to both sides (and a row to
the top and bottom)?

We now have 10 main cell entries.
IDEA 2: Creating a Binary to Decimal Name for our Graphic
If we combine these 10 cell entries of 1s and 0s, we havedigyitbinary

number. Howcould we change the nomenclature to make this a decimal
number?We wi | | cover this in ALevel :

28



THE SUPER BOWL

The History and Geography of the Super Bowl

Whet her or not youob6re a football
the Super Bowl.

The first Super Bowl, Super Bowl 1, took place January 15, 1967 in Los
Angeles, California. The most recent Super Bowl, Super Bowl 45, took
place February 6, 2011, in Arlington, Texas.

What about theother Super Bowls? Where have they been played?
And how ca we display all this data in a graph?

Of course, | 6masumae wdedaatdgl ¢lIf it |
not, we could easily find thiengitude and latitude. But this could be a lot
of wor k, and is probably mormerelgr e

graphing data in our spreadsheet.

What alternative is there?

Look at the following map. Laid out on the map is a coordinate system.
On the following two pages are the locations of all Super Bowils.

YOUR TASK

Quickly find each city on a map, pltte point on the graph, and then
record thex andy coordinates in the accompanying table.

29
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The History of the /W RBowl

Date
01/15/67
01/14/68
01/12/6%

011070

011771

01/16/72
01/14/73

01/13/74
011275
01/18/76
010877
01/15/78
0121779
01/20/80
01/25/81
01/24/82
01/30/83
01/22/84
01/20/83
01/26/86
01/25/87
01/31/88
01/22/89

01/28/20

Loser
EKansas City
Oalkland
Baltimore
Minnesota
Dallas
Miami
Washington
Minnesota

Minnesota

—17 Dallas

Minnesota
Denver
Dallas

Los Angeles
Philadelphia

Cincinnati

—17 Miami

Winner  Score
Green Bay 35-10
Green Bay 33-14
New York 16-7
Eansas City | 23-7
Baltimore 16-13
Dallas 24-3
Miami 147
Miami 247
Pittsburgh 166
Pittsburgh 21-17
Oaldand 32-14
Dallas 27-10
Pittsburgh 3531
Pittsburgh 31-19
Oaldand 27-10
San Francisco | 2621
Washington |27-17
Los Angeles | 380
San Francisco | 38-16
Chicago 46-10
New York 3020
Washington | 42-10
San Francisco | 20-16
San Francisco | 55-10

Washington
Miami

New England
Denver
Denver
Cincinnati

Denver
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Los Angeles, CA
Miami, FL
Miami, FL

MNew Otleans, LA
Miami, FL

MNew Orleans, LA
Los Angeles, CA
Houston, TX
MNew Orleans, LA
Miami, FL
Pasadena, CA
MNew Crleans, LA
Miami, FL
Pasadena, CA
MNew Cileans, LA
Pontiac, ML
Pasadena, CA
Tampa, FL
Stanford, CA
New Cileans, LA
Pasadena, CA
San Diego, CA
Mdiami, FL

New Cileans, LA

x-coord y-coord



#

46

47

48

The %My a/m /W RBowl

Date
01/27/91

01/26/92

7| 01/31/93

01/30/94

01/28/93

01/28/%6

01/26/97

01/25/98

01/31/9%

01/30/00

01/28/01

02/03/02

01/26/03

02/01/04

02/06/03

02/05/06

02/04/07

02/03/08

02/01/09

02:07/10

02/06/11

02/05/12

Winn
New York
Washington
Dallas
Dallas
San Francisco
Dallas
Green Bay
Denver
Denver
St. Louis
Ealtimore
New England
Tampa Bay B
New England
New England
Pittsburgh
Indianapolis
New York
Pittsburgh
New Orleans

Green Bay

21-10

20-17

17-14

x-coord y-coord
Buffalo Tampa, FL
Buffalo Minneapolis, MN
7 |Buffalo Pasadena, CA
Buffalo Atlanta, GA
San Diego Miami, FL
! Pittsburgh Tempe, AZ
New England |New Orleans, LA
Green Bay San Diego, CA
Atlanta Miami, FL
Tennessee Atlanta GA
New York Tampa, FL
7|5t Lows MNew Crleans, LA
Oaldand San Diego, CA
Carolina Houston, TX
Philadelphia |Jacksonwville, FL
Seattle Detroit, MI
Chicago Miami, FL
MNew England |Glendale, AF
Arizona Tampa, FL
] Indianapolis  Miami FL
Pittsburgh Ardington, TX
Indianapolis, N
New Cileans, LA
East Rutherford, WNJ
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THE SUPER BOWL

The History and Geography of the Super Bowl

Having collected all of this data, instead of having our points plotted on
a piece of paper,fed6s pl ot them over the in
spreadsheetHow do we do this?

STEP 1: Input All of the Data
Obviously! In the table beside the map is a table with missiagdy
coordinates. Update thisted abl e wi

STEP 2: Graph All of the Data
Create a scatter plfitom the table of coordinate&’ou know how to do
this. Already seeing how to format the graph, resetattesas follows:
x-axis rangeminimum = 0, maximum 2000;
y-axis rangeminimum = 0, ma&mum =600,

STEP 3: See Botlthe Map and the Graph

Right now, wedve got utmayowndam
The graph i 4 Weineedto he wavo
makethe grapttransparent. ne OUISIDE Is The INSIDE i
To do this requires us to recogniz l
there are reallywo partsto the graphthe 100 . /
Chart Area and thélot Area. ° / .
Do the following steps for both the .
AiChart Areado and t F/ I )

1. Click on the area (Chart or Plot) so
right click, and then select
Af ormato at the *

2. SelectiFill o, HASol * i d
thenmbove trlaensipBr e
all the way to 100%.
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THE PRIME SPIRAL

AND MOVING ABOUT THE GRID
Appendix A
| want tofimove abouithe grid by creating evenlgpaced angles, and
then move up an imaginary line on that angle by the distance of th
next prime number.
For example, if |
evenly spaced out the A /
angles by 45 degree: Pri;ne Al;g:e N /

and started plotting the
prime numbers,what
would happen?

90
135
180
225
270

Here&®s a start: / N

There are really two

ways | can visualize these point:
One is by the distance and ang
r, U). The ag¢
relative to the x-and y-axis.
These two methods of movirig
these coordinate systemsire:

Coordinate Systems
POLAR CARTESIAN

(. ) (x.¥)

But how do go from Polar Coordinates (which | know) to
Cartesian Coordinates (which | di®? How do | find X, y)? A bit of
trigonometry helps in this rega as | know the following basic
relationships (using 45° as an example):
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opposite cos(8) = adjacent tan(6) = opposite

hypotenuse hypotenuse adjacent

sin(@) =

It seems simple enough: substitutg, r, and 45° and | can arrive
at sine and cosine relationships, enabling me to solvedody:

cos(459) =2 sin(45%) =2
¥ r

x =rcos(45°) y =rsin(45°)

But Microsoft doesé use degrees it usesradians What are
radiansi and how do | convert degretsradian® Lefs find out.

DEGREES TO RADIANS

AND MOVING ABOUT THE GRID

Look at my semtircle with radiusr. _—
| 6 ve ac threaisthnges Igbeléed
here: two are the radius, anthe other is
the same distance, but this time measu
as we movaroundthe circle.

My question is: how many degree
have I Acar ved ou
distancer around the circle? Answerl
radian.
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ARadi ano is a degreeaméaS0eeé
can tell that just by looking. Bliowf ar exact |l y? L e

Oneradian takes me a The circumference of a
distance » around the circle is
circle. C=2nr

There are 27 radians in
a circle.

A

If I move 2 radians around the circléghenl 6 m back v
start emr:ad3i6adnes. ahalilvaya b mmuond!| yhe ¢
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CONVERTING BETWEEN RADIANS AND DEGREES
A GENERAL METHOD

You really don ddnyfdinaulae Instead, thiekme
of this: there are two ways of going all the way around the circle:

TWO WAYS TO GO AROUND THE CIRCLE

There are 27 radians in There are 360°in a
a circle. circle.

27 radians = 360°

N

[#] .-J -
! radian = 200 27 radians _

2T 360
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MOVING A CERTAIN DISTANCE BETWEEN POINTS
Appendix B
Suppose | want to move a certain distance betwe® points.
Letés say the starting point is,(3), the ending point (3B), and | want
to go 75% (3/4) of the way. Whats my new point?

10

Ending Point
(9,8)
»

i

Fiarting Point
(1.3}

The x-distance between the [ want to move 75% of the
two pointsis (9-1)=§ way, starting at "Starting

and the y-distance between Point" and moving to

thetwo pointsis (8 -3) =3 "Ending Point".

\?/

The x-distance moved is

(9 - 1)(0.75)

The "Starting Point" is
(1.3).

and the y-distance moved

is (8 - 3)(0.75)

T

My new coordinates are:

6 x=1+(9- 1)(0.75) = 7.00
y=3+(8-3)0.75) =6.75
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Level 1 Checkl

RANDOM WALK
_____ Complete Stepsi 17,
Idea # (add the endpoint as a new data series)
Idea & (write a program to simulate 100 random routes)
__ ldea#3 (change the route to a random stépdsteps long)
_____ Start with a blank spreadsheet, and recreate Stéps from
scratch. Use the current spreadsheet as a template, if you nee

hel p, but work to recreate e
mi ght take a bit of time at
minutes!

THE PRIME SPIRAL

_____ Complete Steps1.3;

Idea # (write the macro to change degsge

Start with a blank spreadsheet, and recreate Stép8 ftom
scratch. Use the current spreadsheet as a template, if you net
help, but work to recreate everything.

FUN DESIGNS

Complete Steps 1 4;

ldea #1¢hange the formulas to move a certain fraction);

Idea & (write a macro to animate the change);

Start with a blank spadsheet, and recreate Stepis 4 from
scratch. Use the current spreadsheet as a template, if you ne
help, but work to recreate everything.
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Level 1 Checkl

SYMMETRIC DESIGNS

____ Complete Steps 4,

Idea #1nfake the grid biggér

Start with a blank spadsheet, and recreate Stepis 4 from
scratch. Use the current spreadsheet as plagmif you need
help, but work to recreate everything.

THE SUPER BOWL

Collect the coordinate data for all Super Bowls;
Complete Stepsi13.

QUESTIONS

|l f you have a question, | ook
ask it! Hep yourselfi and help others!

www.rationalsys.com/equalsclub_discussion.html
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