Chapter 7. Polygons, Circles, Stars and Stuff

“Now it’stime for the magic!”

“Magic?’ asked Morf. “What do you
mean, magic? You've never talked about
L ogo magic before.”

“We've talked about shapes, and how
you can put two or more together to make
apicture. We've talked about writing
procedures and adding variables and
things to those procedures. But thisis all
pretty ordinary stuff. Now it’stimeto
discover some of the magic — not just
L ogo magic, but math magic too.”

What' stherelationship between asquareand acircle, for
example? Isthere arelationship? And why haveit? What
rulesfit for the square, the circle, and other shapes? How can
you prove that those rules are true?

There' salot to look at here, more than we can cover in
just one chapter. However, we'll tell you where to explore to
discover all sorts of new things.

Playing With Polygons

Y ou’ ve worked with three, four, and six-sided polygons
sofar. By theway, can you write aprocedure for atwo-sided
polygon?

Y ou had better say NO. Polygonsare closed shapeswith
at least three sides.
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Seemsto me that we missed one above. Three, four, and
six-sided polygons? What about afive-sided polygon? What
do you call that?

That’s a pentagon, just like that big building near
Washington, D.C.

Pentagon Power

Pentagon REPEAT 5[FD :SIDE RT |

How do you know how far the turtle should turn for the
pentagon?

Y ou can try afew numbersto seewhat works. But before
you waste alot of time, let's seeif there is something to be
learned from the other shape procedures you already know.

Look at thetriangle. 3 repeats times 120 turns =

How about the square? 4 repeatstimes 90 turns=
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The hexagon? 6 repeats times 60 turns =
Therectangle? 2 repeatstimes 90 + 90 =

What goes in the blanks? | bet it's 360 turns. (There's
that number again.) So here's what you have:

For atriangle 3 repeats* 120 turns = 360

Another way of writing that is360/3 repeats = 120 turns.
Isn’t that right? If you did that for a square and hexagon, what
would you have?

For asquare: 360/4 repeats = 90 turns
For a hexagon:360/6 repeats = 60 turns

So, if you want to write a procedure for a pentagon, how
about this?

REPEAT 5 [FD :SIDE RT 360/5]

Try it. What happens?

Any Number of If you can do that for a 5-sided shape, bet you can do that
Sides for any number of sides. Try that, too!

REPEAT 3 [FD :SIDE RT 360/3]
REPEAT 4 [FD :SIDE RT 360/4]
REPEAT 6 [FD :SIDE RT 360/6]
REPEAT 9 [FD :SIDE RT 360/9]
REPEAT 15 [FD :SIDE RT 360/15]
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What happensasthe number of repeatsgetsbigger? What
does the shape look like?

Actually, beforeyou cantell what it lookslike, the shapes
begin to go off the screen. When this happens, you can fix it
by taking fewer steps.

REPEAT 30 [FD 15 RT 360/30]
REPEAT 60 [FD 10 RT 360/60]
REPEAT 90 [FD 5 RT 360/90]
REPEAT 180 [FD 2 RT 360/180]

The important news is that the larger the number of
repeats, themorethe shapebeginstolook likeacircle. If that's
true, what would the procedure for acircle be?

Playing With Circles

With all you' ve learned about the number 360, this one
should be easy. How about this?

TO CIRCLE
REPEAT 360 [FD 2 RT 360/360]
END

That’ sthe same as:
TO CIRCLE

REPEAT 360 [FD 2 RT 1]
END
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Of course}ﬁcles don’t have to go to theright. Why not
try acircle to the left?

TO CIRCLES
REPEAT 360 [FD 2 LT 1]

REPEAT 360 [FD 2 RT 1]
END

Gee, it looks like cross-eyes, doesn't it?

A Circle How would you put two smaller circlesinside these big
Challenge ones? Solving this challengeis like solving any problem.

1. Start with what you know.

Y ou know that the turtle just drew two large circles by

first going FORWARD 2 steps, then RIGHT or LEFT 1
turtle turn 360 times.
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2. Now, what do you need to know?

Y ou need to know how to change the procedure so the
circleswill be smaller.

OK, what can you change?
« Y ou can change the number of repesats.
« Y ou can change the number of turtle steps.

« Y ou can change the number of turtle turns.

Y ou have aready learned that to draw acircle, you tell
theturtleto

REPEAT 360 [FD :SIDE RT or LT 1]

So, to draw asmaller circle, it seems asif you can make
the number of steps smaller. Sotry this:

REPEAT 360 [FD 1 RT 1]

It looksall right, doesn’tit? Next draw acircleto theleft.

Now, that really doeslook like cross-eyes.

Why not create some other drawingsusing circlesand the
other shapes you' ve been using? Draw them on paper or in
your journal. Then draw them on the screen.
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More About What else do you know about drawing a circle?
Circles
Y ou know that the number of repeatstimesthe number of
turtleturns equals 360. Y ou used 360 times 1. What happens
iIf you changethat to 180 times 2? Would that make asmaller
circle or alarger one? Go ahead. Try it out.

Earlier, you started with the familiar shapes of square,
triangle, rectangle, and hexagon, and increased the number of
REPEAT Sandthe number of turns. Now let’ sturnthisaround
and go the other way — just for the fun of it.

REPEAT 360 [FD 2 RT 1]
REPEAT 180 [FD 2 RT 2]
REPEAT 120 [FD 2 RT 3]

Now make up shapes of your own. It soon stops |ooking
likeacircle
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Defining a Circle

260

Just what isacircle, really? You made up some rules
about other shapes. So what istherule for circles?

If you ask a math teacher, you'll find that acircleisa
closed curve where every point on the curve is the same
distance from afixed point. On the Logo screen, you can use
HOME asthe fixed point. (That fixed point isreally the
center.) Then acircleisaclosed curve where every point on
that curve isthe same distance from HOME.

Make sense? Sure! Now, can you write a procedure to
draw acirclelike this?

L et’ smakeHOM E our fixed point, thecenter of our circle.
Next you haveto draw aline so that every point onthat lineis
the same distance from HOME.

How can you do that?

You'll haveto pick the pen up, go out to where you want
your circleto be, draw a point, come back, turn alittle bit, go
out the same distance, draw another point, come back, turn a
little, and so on.

Before you start drawing the line, let’ sfirst write a
procedure to draw a point.

TO POINT
PDRT90FD 1
BK1LT90PU
END

Seewhat that does? Now let’ s put this procedureto good
use.
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TO CIRCLE :SIDE

HOME CSPU

REPEAT 360 [FD :SIDE POINT BK :SIDE RT 1]
END

The procedure starts from HOME with a clear screen.
Now, rather than go FD 1 and RT 1 like you did before, the
turtle goes FD :SIDE, draws a point, goes back HOME, and
turns RT 1 turtle turn, goes out, draws a point, comes back,
and starts all over again. You end up drawing aline where
every point on that line is the same distance from the center.

What doyou call that distancefromthecenter of thecircle,
the fixed point, to the edge?

That’ sthe radius of the circle.

What doyou call that edge, thelinearoundthefixed point?
Right, that’ s the circumference of the circle.

Here' s another one. What do you call the distance from
one side of the circle to the other, the line that goes through
the center of the circle?
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Giveyourself aGold Star if you said that’ s the diameter
of the circle.

One more: what’ s the relationship between the diameter
of the circle and the circumference? Hmmm? That’ satough
one, isn't it?

The diameter times Pi equals the circumference. But

what's Pi?
SPECIAL NOTE: Piisthel16thletter
in the Greek alphabet. It isalso one of
v i 1 those strange mathematical numbers that
4 w oI/} , 7Y will keep your computer busy for hours.
-/ o

They call it a“transcendental” number
becauseit hasno set value. The computer
will keep on dividing for hours. Pi will
never come out even.

PICALC.LGOisaprocedureontheCD
that comes with this book that calculates
JEW Pi to asmany decimal placesasyou want.
L oad the procedure. Then type PICALC
and the number of decimal placestowhich
you want Pi calculated. For example,
PICALC 50.

Here's Pi calculated to 50 places.

3.14159265358979323846264338327950288419716939937
5105

It takes some time for your computer to figure that one
out. Why not try an even larger number and see how long that
takes?
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The Rule of 360

Now, do you remember al that you learned about that
number 3607 It keeps popping up doesn’tit. Well, there's
another rule in there somewhere. Actually, there are two.

« |t seems that when you add up the angles you need to
draw any closed shape that is made from straight
lines, the answer is 360.

« Another interesting thing isthat when the turtle travels
through 360 degrees, she always ends up where she
started.

Try it. Add the same number to both blanksin this
procedure.

REPEAT [FD :SIDE RT 360/ |

Take alook at these commands again. How would you
write one procedure that would draw all of them?

Triangle: REPEAT 3 [FD :SIDE RT 360/ 3]
Square: REPEAT 4 [FD :SIDE RT 360/ 4]
Pentagon:  REPEAT 5[FD :SIDE RT 360/ 5]
Hexagon: REPEAT 6 [FD :SIDE RT 360/ 6]
Octagon: REPEAT 8 [FD :SIDE RT 360/ 8]

In these procedures you use the variable :SIDE for the
length of one side of the shape.

How about this:
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TO POLYGON :SIDE :REPEATS

REPEAT :REPEATS[FD :SIDE RT 360/ :REPEATS]
END

Once you' ve played with this procedure a bit, write one
to draw all of the shapesup to acircle.

TO POLYGONS :SIDE :REPEATS

IF :REPEATS = 360 [STOP]

REPEAT :REPEATS [FD :SIDE RT 360/ :REPEATS]
POLYGONS :SIDE :REPEATS + 1

END

Y ou can make the :SIDE anything you want. But what
would you start :REPEATS at? Think about the definition of
apolygon. That will tell you.

Here' s what the procedure looks like when it’srun. We
had to stop it before it got to big for the screen.
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Rule of 360 Fill inthe correct numbersinthefollowing chart and draw
Worksheet a picture of what happens on the screen. A few have been
filled into get you started.

Thenumbersat thetop of each columninthetablearethe
number of repeats. The numbersdown theleft column arethe
number of turtle turns.

For thefirst row acrossthetop of the table, the number at
thetop of each column equal sthenumber of sidesfor the shape.

Number of |Number of Repeats
Turtle
Turns(TT)
3 4 5 6 10 12
TT*1
0] (7
144
TT*3 360
TT*4 360
TT*5 360
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More Playing With Polygons

266

Do youremember how wegot started devel opi ng shapes?
Thefirst thing you did was create a corner.

TO CORNER
FD 100 RT 90
END

Then you used the corner to make asquare. But what if
you changed that procedure? What if you added variables?

TO CORNER :SIDE :ANGLE
FD :SIDE RT :ANGLE
END

Now you can makejust about any shape. What’ sthisone?
REPEAT 3 [CORNER 100 120]

Or this one?

REPEAT5 [CORNER 100 72]

Since you' ve already used CORNER before, let’s find
another name. Sincethisprocedureisused to draw polygons,
why not call it POLY ?

TOPOLY :SIDE :ANGLE
FD :SIDE RT :ANGLE
END

Now let’s see what you can do with POLY. The
procedures shown on the next page can be found on the CD
that came with this book as POLY S.LGO.
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For one thing, you can improve on your “Any Shape”
procedure.

TO POLYGON :SIDE :ANGLE
REPEAT 360/:ANGLE [POLY :SIDE :ANGLE]
END

Here'safew other variationsyou'll find in the
POLYS.LGO file.

TO DUOPOLY :SIDE1:SIDE2 :ANGLE
REPEAT 50 ~
[

POLY :SIDE1:ANGLE

POLY :SIDE2 :ANGLE

]
END

TO RANDPOLY :SIDE :ANGLE
REPEAT 100

[
IFELSE (RANDOM 10) = 0 [PD] [PU]

POLY :SIDE :ANGLE

]
END

There' s another new command for you — RANDOM.
RANDOM picks an integer between 0 and the input you give
it. If you don’t what an integer is, it's awhole number — a
number without any fractions or decimals after it.

15 isan integer or whole number. It doesn’t include any
parts of a number such as afraction (1-1/2) or decimal
(1.5). You'll read more about integers and whole numbers
in The Great Math Adventure chapter.

To see what RANDOM does, try this:
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REPEAT 10 [SHOW RANDOM 10]

What happened? Y ou got alist of 10 numbers selected
randomly from the numbersO - 9. Now try it again. And again.

You get adifferent list each time, right? But what if you
want to use that same list again and again? That’s where
RERANDOM comesin.

RERANDOM takes what they call a seed number. This
seed number identifies a particular sequence of random
numbers. Take alook.

When you want to select a sequence of random numbers
to use over and over again, use the RERANDOM command
followed by the RANDOM command. Take a look.

(RERANDOM 15)

REPEAT 2 [SHOW RANDOM 5]
4

2

To repeat that sequence, type

(RERANDOM 15)

REPEAT 2 [SHOW RANDOM 5]
4

2

If you want to add another sequence of numbersrandomly
selected from O - 4, just change the seed number.

(RERANDOM 25)

REPEAT 2 [SHOW RANDOM 5]
1

268



Dressing Up
Poly

Polygons, Circles, Stars and Stuff

0

(RERANDOM 25)

REPEAT 2 [SHOW RANDOM 5]
1

0

To demonstrate the value of RERANDOM, try this one
again.

(RERANDOM 15)
REPEAT 2 [SHOW RANDOM 5]

What happened?

There' s another thing to consider. What if you want to
select a random number but not zero? How about this.

SHOW (RANDOM :INPUT) + 1
Someversionsof Logo pick anumber between 1 and your
input, rather than from 0. So if you ever want Logo to pick O

astheinput, use

(RANDOM :INPUT) - 1

These procedures are rather ordinary by themselves. To
dressthem up abit, why not add asmall turn at the end of each
list. For example:

TO DUOPOLY :SIDE1:SIDE2 :ANGLE
REPEAT 50

[

POLY :SIDE1:ANGLE

POLY :SIDE2 :ANGLE

RT 10
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]
END

or

TO RANDPOLY :SIDE :ANGLE
REPEAT 100 ~
[
IFEL SE (RANDOM 10) = 0 [PD] [PU]~
POLY :SIDE :ANGLE RT 10

]
END

Play around with different numbersto see just what these
procedures can do.

Here' s a set of procedures that draws with dots. What
type of variations can you dream up for this procedure?

TO POLYSPI :ANG
MAKE"SIDEO
REPEAT 100 ~
[
POLY :SIDE :ANGLE
PD FD 1BK 1 PU
MAKE "SIDE :SIDE + 2

]
END

Finally, what can you do with thisinward spiral?

TO INSPI :SIDE :ANGLE :INC.
FD :SIDE RT :ANGLE

INSPI :SIDE :ANGLE + :INC :INC
END

If you really want a challenge, try digging into this
procedure. Can you predict what different values for the
variables will product?
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If this seemstoo easy, try this one.

TOINSPI_1:SIDE :ANGLE :INC
REPEAT 360 * :ANGLE ~

[

FD :SIDE

RT REPCOUNT + (2 * :INC - :ANGLE)/ ~

(2* :ANGLE)

]

END

There' s another new command REPCOUNT. It outputs
the number of repeats called for by the REPEAT command.
Here' s avery simple demonstration of what REPCOUNT
does.

REPEAT 3 [(PR "[THIS ISREPCOUNT| REPCOUNT)]

THISISREPCOUNT 1
THISISREPCOUNT 2
THISIS REPCOUNT 3

Asshown inthe INSPI_1 procedure, you can use the
output of REPCOUNT to calculate other values.

Y ou can spend avery long time studying the mathematics

of the INSP and INSPI_1 figures. Here's some inputs to get
you started.
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Thisfigure was created using inputs of 8 8 5. Why not try

INSPI_11073
INSPI_110107
INSPI_110125

Have fun with these!

Arcs, Circles, Hoops, and Things

272

By now, you should have a pretty good idea of how to
work with shapessuch asthesquare, rectangle, triangle, circle,
and such.

Now it'stimeto
start making Logo
jump through some
hoops! In the rest of
this book, you'll find
there’salot more to
turtle graphics than
just drawing shapes.

Y ou already know that you can draw acircle using an
instruction like this one.
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REPEAT 360 [FD 1 RT 1]
How would you draw a curve — just part of acircle?

If there are 360 degreesin acircle, part of acirclewould
be something less than that. So let’stry

REPEAT 90 [FD 1 RT 1]
Hmmm?

Think about this. You already know that RT or LT 180
makestheturtle turn around and go the oppositedirection. So
what would happen if she “did a 180" here?

REPEAT 4 [REPEAT 90 [FD 1 RT 1] RT 180]

That’sinteresting. But what happens when you try this
one?

REPEAT 6 [REPEAT 60 [FD 1 RT 1] RT 240]
Does this one remind you of a snowflake?
REPEAT 2 [REPEAT 90 [FD 1 RT 1] RT 90]

| don’t know about
you, but that lookslike
aleaf to me.

What would happen if you just continued around the
circle?

Here sthe leaf:
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TOLEAF
REPEAT 2 [REPEAT 90 [FD 1 RT 1] RT 90]
END

Now try this:

TO LEAVES
REPEAT 4 [LEAF LT 90]
END

Y ou know, with alittle bit of work, that could be all sorts
of things. Why not see what you can do with this shape before
you move along? Maybe it could be a butterfly.

Or maybealndian headdress. That’smadefromfeathers,
right?

How about a chrysanthemum?

How about making
awhole flower bed
using different sizesof
arcsfor different sizes
of leaves?
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What other typesof
flowers can you draw?

How about three-dimensional flowers?

TO DAHLIA
CSHT CLEARPALETTE SETPENSIZE [2 2]
REPEAT 16 ~
[
SETPC (LIST REPCOUNT*256/16 0 0)
REPEAT 8 [RT 45 REPEAT 4

[
REPEAT 90 [FD 2 RT 2] RT 90]

]
RT 4

]
PRIISN'T IT PRETTY!]
END

There' s another new command here that you can read
about in the MSW Logo on-line help file —
CLEARPALETTE.

Arc and Circle Tools

There are lots of times when you want to use ARC and
CIRCLE procedures. So we made up a set of tools you can
use at any time. Theseare onthe CD that came with thisbook
aSARCTOOLS.LGO. Just load them into your own
procedures and you' re ready to go.

Beforeyou dothat, however, thereareafew thingsto note.
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ARCL and ARCR start from the edge and draw arcs to
the left and right. CIRCLEL and CIRCLER also start from
the edge and draw circlesto the left and right. The variable
‘RADIUStelIsthe computer how bigto makethearcor circle.
Do you remember, the radius of acircle is the distance from
the center to the outside rim or circumference?

The variable :DEGREES tells the computer how big to
makethearc. ARCR 100 60 tellstheturtleto draw an arc that
IS 60 degrees long and with a radius of 100.

What is that number 3.14159? That’s Pi, remember.
Some people use 3.14. Some use 3.1416. In some versions
of Logo, you can use the Logo primitive, Pi.

TO ARCL :RADIUS :DEGREES

LOCAL "AMT

MAKE"AMT 2* :RADIUS* 3.14159/ 36
REPEAT :DEGREES/ 10 [LT 5FD :AMT LT 5]
END

TO ARCR :RADIUS :DEGREES

LOCAL "AMT

MAKE"AMT 2* :RADIUS* 3.14159/ 36
REPEAT :DEGREES/ 10 [RT 5 FD :AMT RT 5]
END

TO CIRCLEL :RADIUS

LOCAL "AMT

MAKE"AMT 2* :RADIUS* 3.14159/ 36
REPEAT 36 [LT 5FD :AMT LT 5]

END

TO CIRCLER :RADIUS
LOCAL "AMT



Polygons, Circles, Stars and Stuff

MAKE"AMT 2* :RADIUS* 3.14159/ 36
REPEAT 36 [RT 5 FD :AMT RT 5]
END

What'sthat :AMT variable?

That’ s part of the mathematical formulafor drawing a
circleor part of acircle. It calculates the size of the circle
based on the size of the radius you giveit.

Have some fun with these procedures. They are useful
tools to keep handy.

There' salot more to do with polygons and things,
especially when you start digging into recursion. But first,
let’ stake alook at turtle positions.

ARC, ARC2, CIRCLE, and CIRCLEZ2

Now that you' velearned the hard way to develop arc and
circletools, it' stimeto tell you about the easy way. Thereare
toolsin the Logolib directory that will draw arcs and circles
from either the center of the circle or from the edge.

ARC and CIRCLE draw from the center. ARC2 and
CIRCLE2 draw from the edge.

The ARC procedures take two inputs:

ARC <angle><radius>

The CIRCLE procedures only take oneinput, theradius.
Why not try these commands?
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Rabbit Trail 20. Star Gazing

Draw a big pentagon on the screen. Do you remember
how to do that?

REPEAT 5 [FD 100 RT 360/ 5]

Now print the screen. Takeapencil and aruler and draw
adiagonal line to each corner. Inthisway, every corner is
connected to every other corner by aline.

What do you see inside the pentagon? | see abig star;
how about you?

278



Polygons, Circles, Stars and Stuff

Now draw a big hexagon on the screen.

REPEAT 6 [FD 100 RT 360/ 6]

Draw diagonal lines to connect all the corners. What do

you see? There' sa Star of David, right? That’sasix-pointed
star.
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Try thiswithanoctagon. Now that’ salot of linesto draw.

How would you draw these stars on the screen? Do the
drawings you did on paper help you figure it out?

<X XX
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Y ou drew ashapefirst. Thenyou drew diagonalsto each
of the corners. So let’s explore the shapes first and see what
can be learned there.

Take alook at the pentagon.

To draw the pentagon shape below, the turtle first turns
LT 18, thengoesFD 100 RT 360/ 5 (that'sthesameasRT 72).

Why turn LT 18?
90-72=18.

Y ou should be able to figure that out by looking at the
drawing below.

The angle outside the pentagon is 72. What' s the angle
inside the pentagon?

72°

~0

Let’sfind out. Thisisgoing to get abit complicated, so
hang in there. Just follow along at the computer.

Clear the screen and draw another pentagon like the one
above. Make sure you can seethe turtle.
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Then type:
FD 100

Theturtle hasnow moved up thefirst side of the pentagon,
right? Now what’s the command to make the turtle turn
around and head back to HOME? It'snot BACK 100. The
turtle doesn’t turn around using the BACK command.

The command to turn around isRT or LT 180, isn't it?
That turnsyou in the opposite direction from where you were
headed. Go ahead, try it.

RT 180 FD 100
Now where' s the turtle?
Type HOME and see what happens.

All the turtle doesis turn around. She's back home. So
let'stry something else. Turn LT 18 and head up to left side
of the Pentagon.

FD 100 RT 72

Now theturtle is set to move up the second side of the
pentagon.

Now the big question? How far do you haveto turnto
send the turtle HOME?

That'snot that hard, really. Y ou turned 180 thefirst time
when you wanted to face home, when you did not turn RT 72.
So what's 180 - 72? | get 108. What do you get? Try it:
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RT 108 FD 100 HOME
Thereyou are! Ernestineisright where she was before.

Believe it or not, you' re actually getting somewhere.
Don't believe me? Well, try this:

LT 18 REPEAT 5[FD 150 BK 50 RT 72]

/

Wow! That’'sapretty weird pentagon! But it showsyou
what you’' ve been doing. It clearly shows the five 72-degree
angles Ernestine turns at each corner.

This highlights
something that alot of
people get confused
about, even Logy and
Morf.

When we think
about how the angles
the turtle moves
through to make a
polygon, we usually
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think about the angles inside the shape.
Well, don’t you?

Comparetheanglesinsideashapewiththeanglesoutside
a shape.

- The anglesinside atriangle: 180°
« The anglesinside arectangle (or square): 360°
« The angles inside a pentagon: 540°
« The anglesinside a hexagon: 720°

Y ou can figure what the other shapestotal yourself. Now
what about the outside angles of each shape? What do they
total ?

Isthat afamiliar number?

Now wherewerewe. Try thesamethingwiththehexagon
that you did with the pentagon.

REPEAT 6 [FD 150 BK 50 RT 60]

I

When drawing ahexagon, Ernestinegoes FD 150, BACK
50, and turns RT 60 on the outside. That leaves an angle of
what on the inside?
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If you said 120, let’s make you a big Gold Star!

L ook at the drawing of the pentagon with the diagonals
below. How many angles do you see at each corner? | see
three, how about you?

Are all the angles the same?

It surelooksthat way. Soif that inside angleis 108, what
are each of the three angles? That's 108 divided by 3 or 36,
right?

Now, take your pencil and ruler and draw along any one
of thediagonal linesto makeit go out beyond the pentagon —
like Ernestine did when she went FD 150 BK 50. Here you
havethelargeangleoutsidethe star and thesmall angleinside.
Y ou already know the small angleis 36. So what’sthe big
angle?

That’s 180 - 36 or 144.

Now you'rereally getting somewhere! So what angle do
you need to draw a star?
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REPEAT 5[FD 162 RT |
Now add this one:

LT 36 REPEAT 5 [FD 100 RT 72]

AN

How about that! There' sthe star inside the pentagon, just
likethe pictureyou drew on paper. But how’ d Ernestineknow
the distance was 162? Well, that’s alesson in trigonometry
that you can read about in The Great Math Adventure chapter.

Why not seewhat you can do with the Star of David now?
If youlook closely, you'll seetherearetwotrianglesinthestar.

Here'sahint. If the side of the hexagon is 100, try 172
for the side of the triangle.

TO PENTAGON
REPEAT 5 [FD 100 RT 72]
END

TO STAR

REPEAT 5 [FD 162 RT 144]
END
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TO STAR.IN.PENT
RT 18 STAR

LT 36 PENTAGON
END

TO HEXAGON
REPEAT 6 [FD 100 RT 60]
END

TO STAR.OF.DAVID
RT 30 TRI PU

RT 90 FD 100 PD

LT 150 TRI

END

TOTRI
REPEAT 3[FD 172 RT 120]
END

TO STAR.IN.HEX
STAR.OF.DAVID
LT 30 HEXAGON
END

How would you draw a seven-pointed star?
A seven-sided polygon is easy!
REPEAT 7 [FD :SIDE RT 360/ 7]

Now turn that into a procedure for drawing a seven-
pointed star.



Polygons, Circles, Stars and Stuff

Here sapicture of aseven-sided shape
with all of its corner connected.

Canyou seeaseven-pointed star inthis
picture? How would you draw such a
shape?

It'sreally pretty easy. However, to
understand it, let’s back up abit.

The procedure to draw any polygon is

REPEAT :REPEATS ~
[FD :SIZE RT 360/ :REPEATS]

The :REPEATS variable stands for the number of sides.
Sinceyou'’ re going to be working with Starsnow, let’ schange
that to :POINTS.

REPEAT :POINTS ~
[FD :SIZE RT 360/ :POINTS]

Now let’ stake alook at thetotal of the anglesin some of
the shapes this procedure draws.

- The anglesinside atriangle: 180°
« The anglesinside arectangle (or square): 360°
« The angles inside a pentagon: 540°
« The anglesinside a hexagon: 720°
« The anglesinside a septagon (7 sides):  900°
« The angles inside an octagon: 1080°

« Theanglesinside ananogon (9 sides):  1260°

L ook at thetriangle and rectangle. To draw each of these
shapes, theturtleturnsthrough 360 degrees. Remember, that’ s
one of the rules for a polygon.
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To draw afive-pointed star, the turtle actually turns
around twice. It startsfacing the top of the screen. After five
turns, it has moved through 360 degreestwice. To seethis
clearly, try this:

REPEAT 5 [FD 100 RT 144 WAIT 60]

If that’ strue, what would happen if you wroteaprocedure
like this:

TOSTAR
REPEAT 5 [FD 100 RT 360/ 5 * 2]
END

Would thiswork for a Star of David?

TO STAR.OF.DAVID
REPEAT 6 [FD 100 RT 360/ 6 * 2]
END

No, it won't work. Here's achallenge that will help
explain the confusion. Try to draw asix-pointed star without
lifting your pencil from the paper and without ever drawing
over the same line again.

The Star of David isunique. It’'s actually two separate
triangles linked together. It has been the symbol of Judaism
for about 3000 years.

What about a seven-pointed star?

REPEAT 7 [FD 100 RT 360/ 7 * 2]
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What’ sthedifferencebetween thisstar and theonecreated
by this command:

REPEAT 7 [FD 100 RT 360 * 3/7]

Now see what you can do with 8, 9, 10, 11 points— and
other star shapes. If you need help, try this procedure.

TO STARS:POINTS:SIZE :MULT

REPEAT :POINTS[FD :SIZE RT ~
360/:POINTS* :MULT]

END

What’sthat :MULT variable? Take another look at the
inside angles.

To draw a pentagon: REPEAT 5 [FD 50 RT 360/5]
The angles inside the polygon total 720 (360 * 2).

To draw a hexagon: REPEAT 6 [FD 50 RT 360/6]
The angles inside the polygon total 720 (360 * 2).

To draw an octagon: REPEAT 8 [FD 50 RT 360/8] The
anglesinside an octagon total 1080 (360 * 3).

To draw a 10-sided shape: REPEAT 10 [FD 50 RT 360/
10] Anglestotal 1440 (360 * 4).

To draw a 12-sided polygon: REPEAT 12 [FD 50 RT
360/12] Anglesinside the shapetotal 1800 degrees (360 * 5).

To draw a 360-sided shape: REPEAT 360 [FD 50 RT
360/360] Anglesinside total 64,440 (360 * 179).
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Do some experimenting with different numbers to see
what happens. Among other things, you'll find you have to
change the Rule of 360 alittle bit.

Before we said

“ Another interesting thing is that when the turtle travels
through 360 degrees, she always ends up where she started.”

Now we have to change that to read

“ Another interesting thing is that when the turtle travels
through 360 degrees, or any multiple of 360, she always ends
up where she started.”

Y ou can also say that whenever theturtle travelsthrough
any closed shape, when travels through 360 degrees or a
multiple of 360 degrees.

Isthat really true? What do you think? Have you proven
that or not?

Remember when you had to draw arectangle around the
center? How would you do that for other polygons? How
would you find the center of a nine-sided polygon, for
example?

Before you start worrying about nine-side shapes, let’s
start with the ssimple ones. When you drew arectangle around
the center, you started at the center and went FD Width/2, LT
90, FD Length/ 2. Thisput you inthe lower left corner from
which you could draw your rectangle.
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To find the center of arectangle or asquare, you start at
acorner and go FD Length/ 2, RT (or LT) 90, FD Width/ 2.
It might be easier to read if it’swritten like this:

TO CENTER :SIDE

REPEAT 4 [FD :SIDE RT 90]
REPEAT 2 [FD :SIDE/ 2 RT 90]
END

Now let’stry thison atriangle.

TO CENTER :SIDE
REPEAT 3 [FD :SIDE RT 120] F TR
REPEAT 2[FD :SIDE/ 2 RT 90]
END

OK, thelinedoesn’t end inthemiddle of thetriangle. But
from what you learned about triangles, you know that the
center hasto be somewhere along that line. What do you have
to do to find that point?

First, let’swrite a procedure to draw that line that goes
through the center.

TO FWD :SIDE
FD :SIDE/2

RT 90

FD 100 BK 100
LT 90

FD :SIDE/2
END

Now let’s see what happens when you put that into your
shape procedures.
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TO CENTER :SIDE
REPEAT 3 [FWD :SIDE RT 120]
END

How about that?
It'sseem asif we' ve
stumbled onto
something here.

Would this work
for other polygons? —
Try it out.

TO POLY :REP:SIDE
REPEAT :REP [FWD :SIDE RT 360/ :REP]
END

Now for the acid
test, the nine-sided

polygon.

Worksfor me.

Y our next =
challengeisto figure
out how tomeasurethe
distance to the center.

There’ s much more to working with polygons, circles,
stars, and stuff in coming chapters. But before you get there,
there’ ssomework to dowith Turtle Positionsand Coordinates.
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