Turtle Positions and Coordinates

h r 7. Turtle Positions an rdin

Turtle
Headings

Sofar, we'vemoved theturtlearound thescreen using
the direction commands. FORWARD, BACK, LEFT,
RIGHT. Wéll...therearetwoother waystomovetheturtle
around that give you all sorts of new thingsto do. These
new choices ar e turtle headings and x-y coor dinates.

When you want the turtle to move from Homeup to
theright, you can tell her go RIGHT 45 FD 100 LEFT 45.

Another way to do
the samethingisto
tell theturtleto set
her headingto45and
then go forward 100
stepsand then set her
headingback toward
the top of the screen.

SETHEADING 45 FD 100 SETHEADING 0
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Or you can useshorthand. Clear thescreen and type...
SETH 45FD 100 SETH 0

When you typed SETH 45, what direction did the
turtleturn? Sheturned the same direction aswhen you
told her RIGHT 45, correct?

If you typed SETH - 45 FD 100 SETH 0, what do you
think would happen? Go ahead...try it and see.
Remember to clear the screen first.

OK...now type SETH 45 FD 100 SETH 0 again, but
without clearing the screen. What happened?

Hmmmm? Thisis
inter esting. Nowtype
SETH 45 FD 100
SETH Oagain. What
happened thistime?

Well, it seemslikeyou
can usethe SETH
command toturnthe
turtle. But it sure
doesn't act likethe
RIGHT and LEFT
commands.

If you ever want to know what headingtheturtleison,
type...

SHOW HEADING

HEADING isanew command. You can easily guess
what that means. SHOW isanother new command that is
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alot like PRINT. It showssomethingin the command
window. You'll ssemoreof SHOW later. Inthemeantime,
let’stry to make some sense out of this headings business.

Remember thestring clock you madeawhileago...the
oneyou madewith a piece of board and some nails? This
isa good tool for learning about headings.

Weéll, let’slook at that clock again.

360°%/0°

330° 30°

300° 60°

270° 90°

240° 120°

210 150°

180°

What headingisat 12:00 o'clock? 3:00 0'clock? 6:00
o'clock? 9:00 o'clock?

Get theidea? Turtle headingsfollow the handsof the
clock. Theheadingat 12:00 o’'clock iszero...at 3:00
o'clock, it's 90...at 6:00 o’'clock, it's 180...and at 9:00
o'clock, it's 270.

Thisisn't to say that you can't move counter
clockwise...totheleft. You'vealready seen what happens
when you typed...

SETH - 45.
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360°/0°
-30° -330°
60° -300°
-90° -270°
-120 -240°

-150 -210°

-180°

What timewould it beat SETH -90? SETH -1807

SETH -2707?
The Turtle’s When you look at a clock like this, with all the hours
Compass marked off in degrees, what does it make you think of?

How about a compass?

Yep, that’'sit. It'slike a compass.

Now...what do you think you can learn from a
compass?

Morf’sgot a great gamethat will help you out. You'll
lear n about the proceduresto draw thismarked-off circle
alittlelater in this chapter.
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R it Trail 18. The Turtle Rall
Haveyou ever heard of acar rally?

Waell...car ralliesare special typesof races. Only this
type of race doesn’t deter mine how fast you can drive. It
determines how well you can follow directions.

Each car hasadriver and anavigator. Theteam that
can find their way through the course ascloseto thetime
limit isthe winner.

IntheTurtleRally, you aregiven acompassand alist
of directions. You'll need a digital watch that showsthe
seconds or a watch with a second hand so you can time
your self.

Here show to play.

Have one person set up the cour se...maybe your
teacher,your mom, or aperson elected tobeRally Captain.
This can be a coursethrough the house, through the
neighborhood, around the school yard, or anywhere you
can set up a safe courseto follow.

Thedirectionswill read something likethis, only there
should be many more.

1. You have 15 minutesto completetherace.

2. Start from Home. Set your headingtoOand goforward
for 40 seconds.

3. Set your headingto 90 and walk forward 120 steps.
4. Set your headingto 30 and run forward for 10 seconds.

You can make up any kind of directionsyou want.
They can besmple. They can besilly. Or they can be
tough. It makestherace morefun when you mix them
up...walking, running, turning...and don’t forget Back!

The Rally Captain times each team...the time each
team starts and thetime each team finishes. Each team
startsaminuteor twoapart sothat teemsdon’t bump into
each other along the path.
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It isa good thing to have checkpoints along the path
wher eteamshaveto pick up somethinglikeapieceof paper
and return it tothefinish line. Maybethe paper can have
a question each player hasto answer correctly. Useyour
imaginations. The main thingisto have some fun while

practicing with headings and dir ections.

After you’verunyour TurtleRally, why not try oneon
the computer? You’'d be surprised what you can create
using headings and directions. In fact, that’sjust what

you’'ll do alittlelater in this chapter.

X -Y Coordinates

=

I maginethisscreen with 1000 columnsdrawnonit and
680 rows. Thisiswhat showsup on a14” SVGA monitor.

Other monitors may display something different.

MswlLogo Screen
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Columnsgo up and down. Rowsgofrom sideto side.
To find a position, you'd have to know which column and
which row to pick.

Thisisexactly what you do when using the X-and Y -
coordinates. X-coordinatescount the number of columns
from side-to-side. Y -coor dinatescount thenumber of rows
up and down.

Therearetwo linesthat divide the screen in half, one
dividesthe screen from top to bottom and onethat divides
thescreen down themiddle, from sidetoside. Wherethese
linesmeet iSHOME...whereX isOand Y isO.

If you move up to theright, both the X-coordinate
numbersand Y -coordinate numbersare positive...(+).

If you moveup totheleft, the X-coor dinateisnegative
(-) but the Y -coordinateis positive.

If you move down to theleft, both the X-and Y -
coordinates are negative.

If you move down to theright, the X-coordinateis
positive and the Y -coordinate is negative.

If you'd like to put the sametype of grid on your
computer screen, usethisprocedure...

TO GRID

HT CSCT PRINT [Let'stakealook at x-y coordinates.]
WAIT 100 CSG GRAPH CT

PRINT [TheturtleisHOME at coordinatesO, O.]

WAIT 300JB

END

TOG

REPEAT 50 [D] RT 90 REPEAT 50 [D]
END

191



Turtle Positions and Coordinates

TOD

RTO0FD 10LT 90OBK 5FDS5SRT9FD 10LT 90FD 2
BK 7FD 5

END

TO GRAPH
XLINE -500 LASTX
YLINE 340 LASTY
PUHOME PD ST
END

TO JB

PR [The X axisrunssideto side)]

PR [each lineis 20 columns apart.] WAIT 100
PR [TheY axisrunsup and down,]

PR [each vertical lineis20 rowsapart.] WAIT 100
PR [The X axisrunsfrom -500 to the left,]

PR [to 500 on theright.] WAIT 100

PR [TheY axisrunsfrom -340 below,]

PR [to 340 at thetop of the screen.] WAIT 100
PR [Now...let's see how to set x-y coordinates.]
DUOTRI

END

TO LASTX
PU SETXY 500 340 PD SETXY 500 -340
END

TOLASTY

PU SETXY -500-340 PD SETXY 500 -340
END
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TO DUOTRI

CSCT ST

PR [You can even draw using]

PR [the coordinate commands.] WAIT 100
PR [SETX -100] SETX -100 WAIT 100

PR [SETY 100] SETY 100 WAIT 100

PR [SETXY 00] SETXY 00WAIT 100
PR [SETXY 100 100] SETXY 100 100 WAIT 100
PR[SETY O] SETY O WAIT 100

PR [SETX 0] SETX O WAIT 100

END

TO XLINE :SIZE

PU SETXY :SIZE 340 PD SETXY :SIZE -340
|F :SIZE = 500 [STOP]

XLINE :SIZE + 20 HT

END

TO YLINE :SIZE

PU SETXY -500:SIZE PD SETXY 500 :SIZE
IF :SIZE = -340 [STOP]

YLINE :SIZE - 20 HT

END

HOME isat x-coordinate O and y-coordinate 0. In
L ogo, we use the shorthand names...

XCOR
YCOR

Clear the screen. Then type SHOW XCOR. What
happened?
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Hmmmmm. Very interesting.

What do you think you need to do to send theturtleto
another x-coordinate? Giveyourself a Gold Star if you
said SETX...not SET XCOR. Go ahead...tryit. Type
SETX and a number.

SETX
SETX

Now try moving the turtle up and down. What'sthe
command? That one should bereal easy.

SETY
SETY

| bet you've already guessed that you can combine
these two commands. Sure...

SETXY

That'sright. You havetotypeboth the X position and
theY positionwiththeSETXY command. Remember that
when using the SETXY command, you use numbersfor
thevaluesof X and Y.

SETXY

SETXY

SETXY

SETPOS usesa list of two numbers. Try afew.
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SETPOSisanother command that can movetheturtle
around thescreen. SETXY takestwonumbers. SETPOS
takesalist of two numbers. There san important
difference.

Remember about lists? They must be put inside
brackets. So...in the case of SETPOS, you have...

SETPOS|[ x-coordinate y-coordinate]
What arethe x and y positionsin this statement?

SETPOS[20 45]
The x-coordinateis 20 and the y-coordinate is 45.

Now...wherewerewe? Wasthe pen down when you
typedtheSETX,SETY, SETXY,and SETPOScommands?
What happened? Did you end up with a crazy drawing on
the screen?

If thepen wasup, put it down and then do afew more
SETXY commands...to get some practice using the
commands.

There...seewhat you can dowith thesecoordinateand
position commands? They were used to help makethe
mar ked-off cir clesyou saw at thebeginning of thischapter.

Here sthe procedures.

TO ARCL :CENTER :RADIUS:ANGLE

LOCAL “AMT

MAKE “AMT :RADIUS* PI /180

PU SETPOS:CENTER LT 90 FD :RADIUSLT 90 PD
REPEAT :ANGLE [FD :AMT LT 1j

END
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TO ARCR :CENTER :RADIUS:ANGLE

LOCAL “AMT

MAKE “AMT :RADIUS* PI /180

PU SETPOS:CENTER LT 90 FD :RADIUSRT 90 PD
REPEAT :ANGLE [FD :AMT RT 1]

END

TO CIRCLEM :CENTER :RADIUS:ANGLE

REPEAT 360/ :ANGLE [ARCR :CENTER :RADIUS
:ANGLE MARK]

PU SETPOS:CENTER PD

END

TO MARK

RT 90 FD :RADIUS/10
BK :RADIUS10LT 90
END

TO PI
OUTPUT 3.14159
END

CIRCLEM drawsacircleasa seriesof arcswith a
mark between thearcs.

Todraw theindividual arcsthat arebetweenthehours
on theclock, type...

ARCR [100 20] 100 30

In these procedures, thevariable :CENTER isalist
representing thex- and y-coor dinates. Theturtlemovesto
the x-coor dinate of 100 and they-coordinate of 20. It then
turnsand movesto the edge of the arc and draws it one
degreeat atime.
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Thisisquitedifferent from thecirclesyou did before.
With those, you simply started at the edge and drew a
circle. You had totell theturtlehow far togo forward and
how many degreesto turn.

REPEAT 360[ FD RT ]

Intheseprocedures,youtell theturtlewherethecenter
of thecircleistobeand what theradiusistobe. You know
what aradiusis, don’'t you? It’sthedistance from the
center of acircletotheedge. It’sone-half thediameter of
thecircle. Thediameter stretchesfrom edgeto edge
through the middle of thecircle.

Youknowhow M orflikestoexperiment.
So here'sonefor you.

Changeeither of theARC proceduresso
that they usethe SETXY command
rather than the SETPOS command.

What'sthat :AMT variable?

That’s part of the mathematical formula for drawing a
circle. It calculatesthe size of the circle based on the size
of theradiusyou giveit.

TO CIRCLE :CENTER :RADIUS
LOCAL “AMT

MAKE “AMT :RADIUS* PI1/180
PU SETPOS:CENTER

SETX XCOR - :RADIUSSETH OPD
REPEAT 360 [FD :AMT RT 1]

PU SETPOS:CENTER PD

END
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Changethe PI /180 to PI / 360. What happens?

Do you remember thereationship between the
diameter of thecircleand PI1?

Diameter * Pl = Circumference

So...maybe:RADIUS* PI / 180 will make mor e sense
if wewriteit as...

(:RADIUS* 2) * Pl / 360

Radius* 2 equalsthediameter, right? Then we have
thediameter * Pl that equalsthedistancear oundthecircle.
That’sdivided by 360. How doesthisfit in theline...

REPEAT 360 [FD :AMT RT 1]

That makes:AMT equal to 1. You end up with the
mor e familiar command for drawingacircle...

REPEAT 360 [FD 1 RT 1]

Awfully smple? Or smply awful?

Creative Coordinates
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You saw how coor dinatescan beused tocreatepictures
in the GRID procedure. Here'sa simple procedure that
usesSETXY COMMANDS.

TO SAILBOAT
CSPU SETXY 20-40 PD
SETXY -160-40
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SETXY 20 160
SETXY 140 -40
SETXY 20-40
PU SETXY -120-60 PD
SETXY -80-100
SETXY 80 -100
SETXY 120 -60
SETXY 20-60
SETXY 20-40
SETXY 20-60
SETXY -120-60
END

Now...how about a challenge. Play around with this
procedureto seewhat it draws. WHAT1, WHAT?2, and
WHAT3 are simply subproceduresto break alarge
procedur e into pieces.

TO WHAT.ISIT

CSCT PU SETXY 525PD
WHAT1WHAT2WHAT3
END

TO WHAT1

SETXY 2525 SETXY 3025
SETXY 3525 SETXY 3515
SETXY 300 SETXY 35-10
SETXY 30-15SETXY 25-5
SETXY 25-15 SETXY 15-15
SETXY 5-5SETXY 10-15
SETXY 0-15

END
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TO WHAT?2

SETXY -5-5SETXY -5-15
SETXY -15-15SETXY -10-5
SETXY -155SETXY -200
SETXY -25-10 SETXY -30-15
SETXY -35-15SETXY -40-10
SETXY -40-5SETXY -35-10
SETXY -35-10 SETXY -30-10
SETXY -250 SETXY -2510
END

TO WHATS3

SETXY -3015 SETXY -30 25
SETXY -2035 SETXY -1535
SETXY -1030 SETXY -525
SETXY -530 SETXY 030
SETXY 525 SETXY 510
SETXY -55SETXY -105
SETXY -1010 SETXY -155
PU HOME PD

END

Type this procedure on your computer to see what it
draws. Or load it and runit. It camewith M SW L ogo.
Here'sahint...it'sacircusanimal. Want tomakeaguess?
You can seeif you wereright when you run the
WHAT.ISIT procedure.

Now let'sdressthis procedure up a bit.
TO START

WHATIS 400
END
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TO WHAT :X

SETXY :X+2525SETXY : X +3020
SETXY : X +3525SETXY :X +3515
SETXY :X +300SETXY :X +35-10
SETXY : X +30-15SETXY : X +25-5
SETXY :X +25-15SETXY :X +15-15
SETXY :X +5-5SETXY :X +10-15
SETXY : X +0-15

END

TO WHAT2:X

SETXY :X -5-5SETXY :X -5-15
SETXY :X -15-15SETXY :X -10-5
SETXY :X-155SETXY :X-200
SETXY :X -25-10 SETXY :X -30-15
SETXY :X -35-15SETXY :X -40-10
SETXY :X -40-5SETXY :X -35-10
SETXY :X -35-10 SETXY :X -30-10
END

TO WHATS3:X

SETXY :X-250SETXY :X-2510
SETXY :X-3015SETXY :X-3025
SETXY :X-2035SETXY :X-1535
SETXY :X-1030SETXY :X-525
SETXY :X-530SETXY :X+030
SETXY :X +525SETXY : X +510
SETXY :X-558SETXY :X-105
SETXY :X-1010 SETXY :X-155
PU HOME PD

END
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A Target
Game
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TO WHATIS :X

IF :X < - 400 [STOP]

PU SETXY :X +525PD
WHAT :X

MAKE “X :X - 70
WHATIS :X

END

What do you think this procedurewill draw? You
deserveFirst Prizeif you said arow of circusanimals. To
draw our row of animals, weusevariableswith theSET XY
command.

But, wait a minute...the x-coordinate isthe only
variable...why?

Thereason for thisisthat the x-coordinateistheonly
coordinate that changes aseach animal isdrawn. They-
coor dinates stay the same for each animal drawn.

Remember ...y-coordinatesarethelinesgoing up and
down. If you changed them, someof theanimalsmight end
up walking in mid-air. And that would surelook funny!

Want to have some fun practicing with x- and y-
coordinates? Then try thistarget game.

Theturtledrawsasmall target on thescreen. You are
then asked to guessthe x- and y-coor dinates of thetar get.
Ifyou guesscorrectly,the CHEERSprocedureruns. Ifyou
don't guessright, you get another chance.

Go ahead...it'sfun.

TO GAME
CSCT TARGET ASK
END
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TO TARGET

PUHT SETXY (RANDOM 900) - 450
(RANDOM 680) - 340

MAKE “X XCOR + 12 MAKE “Y YCOR

PD REPEAT 36 [FD 2 RT 10]

PU HOME ST

END

TO ASK

PRINT [Can you hit the target?] WAIT 100

PRINT [Give mean X- and a Y-coordinate.]

WAIT 100

PRINT [X =] MAKE “X1 READWORD

PRINT [Y =] MAKE “Y1 READWORD

TEST OR (:X1>ABS480)(:Y1> ABS 340)

IFTRUE [PRINT [Your number istoo big. Try again.]
WAIT 100 ASK]

IFFALSE [PD ST SETXY :X1:Y1]

IFOR(:X1>(:X+12))(:X1<(:X-12))
[PUHOME PD ASK]

IFOR(:Y1>(:Y+12))(:Y1<(:Y-12))
[PUHOME PD ASK]

CHEERS

END

TO CHEERS

CT REPEAT 24 [PRINT [Congratulations!]]
WAIT 100

PRINT [Want to play again? (Y/N) ]

MAKE “ANSRC

IF:ANS="Y [GAME]
IF:ANS=“N[PRINT [Byefor now!]]

END
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TO ABS:NUM
OP IFEL SE :NUM < 0[-:NUM][:NUM]
END

There'sacoupleof other new thingsyou'll find in this
game.

RANDOM :N

Thiscommand picksa number between 0 and the
number you select... :N. Try it.

REPEAT 5[PRINT RANDOM 10]

What happened? Bet you got numbersbetween 0 and
9. Let'slook at thelinein our game...

SETXY (RANDOM 480) - 240 (RANDOM 280) - 140

Seems complicated! Remember that RANDOM only
picksnumber sbetween Oand thenumber you select. Since
coordinates can belessthan O, we need random numbers
that can put thetarget anywhere on the screen.

So let'sread thisline...
SETXY (RANDOM 900) - 450 (RANDOM 680) - 340

SETXY takestwo inputs, the x and the y-coor dinate.
First, Logolooksfor thex-coordinate. You knowtheM SW
L ogoscreenis1000turtlestepswide. So, thex-coordinates
can befrom -5000ntheleft of thescreen,to5000n theright.

But since we don't want our target right on the edge,
we makethebiggest number RANDOM can select alittle
smaller than 500.
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(RANDOM 900) - 450

If RANDOM selectsthelargest number...900...L ogo
subtracts 450 from it giving you an x-coor dinate of 450.

If RANDOM selectsthe smallest number...0...Logo
subtracts 450 giving you an x-coor dinate of -450.

Once L ogo hasthe x-coordinate, it readsto theright
to find the y-coordinate.

(RANDOM 680 ) - 340

If wedothesamearithmetic with the y-coordinate as
we did with the x-coor dinate, we can have a y-coor dinate
from 340t0-340. So...with thisline, we can have atarget
just about anywhere on the screen.

TEST OR (:X1>ABS450) (:Y1 > ABS 340)

Here'sanother new command. Reading from theleft,
Logo first readstheword TEST. Thisisoneof Logo's
conditional commands. It testsa condition to seeif it is
trueor false.

To find out what needsto betested, L ogo continues
reading.

TEST OR...OR isoneof thoselogical operatorsthat
asksif either of two conditionsistrue.

(:X1>ABS450)
(:Y1>ABS340)
Thefirst condition wefind is...

(:X1 > ABS 450)

:X1isgreater than what?
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ABS standsfor absolute. In MSW Logo, you need a
procedureto define ABS.

TO ABS:NUM
OP IFEL SE :NUM < 0[-:NUM][:NUM]
END

What ABS saysisthat it doesn't careif the x-
coordinate: X lisapositivenumber (totheright of HOME)
or anegative number (totheleft of HOME). It dropsthe
positive or negative symbol and just teststhe random
number.

TEST OR (:X1>ABS450) (:Y1 > ABS 340)

What thislinesaysistotest if : X1 isgreater than 450
(or lessthan -450) OR if :Y 1isgreater than 340 (or less
than -340).

IFTRUE [PRINT [Your number istoobig. Try again.]
WAIT 20 ASK]

If thetest istrue...thenumber you typed istoo big...
print “Your number istoobig. Try again.” Ifitisfalse, or
within theproper range, then theturtledrawsalineout to
the coordinates you guessed.

Now, why not makeup someof your owntests? Here's
onewedid...

TO CHECK

TEST HEADING =0
|IFFTRUE [FORWARD 100]
IFFALSE [HIDETURTLE]
END
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Another way to write thistest condition isto usethe
|F command. InM SW Logo, usethel FEL SE command...

|FEL SE HEADING = 0 [FD 100][HIDETURTLE]

Some other versions of L ogo allow you to write that
line asfollows...

IF HEADING =0 THEN FD 100 EL SE
HIDETURTLE

or...
IF HEADING = 0 [FD 100] [HIDETURTLE]

Here sone moreuse of turtle positions. Thisdrawsa
turtlethe sizethat you want it to be. Since TURTLE is
already an M SW L ogo primitive, the name was changed
to YPLA.

TO YPLA :SIZE
TURTLE1
MAKE “P ]
REPEAT 6 [TURTLEZ]
TURTLE3

END

TO TURTLE1
CSPDHT RT 18MAKE“TSIZE :SIZE /3
REPEAT 5[FD :TSIZE LT 108 ~
REPEAT 3[FD :TSIZE RT 72] ~
FD:TSIZELT 108 FD : TSIZE RT 72]
REPEAT 5[FD :SIZE RT 72]
END
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More String
and Wire Art
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TO TURTLE2
FD:SIZE/2RT 90FD :TSIZE
MAKE “Q POS

IF:P =[] [MAKE “P POS]
SETPOS :P SETPOS:Q

MAKE “P:Q BK :TSIZELT 90
FD:SIZE/2RT 72

END

TO TURTLE3

PUFD :TSIZELT 9FD :SIZE/4LT 18PD
REPEAT 5[FD :SIZE/ 12RT 72]

PURT 18BK :SIZE/4RT 90

PUFD :TSIZELT 9Q0FD :SIZE/4RT 18 PD
REPEAT 5[FD :SIZE/12LT 72

END

Remember when you did somestring and wireart in
Chapter 5? You never did get tothe L ogo procedures, did
you?

Guesswhat? You'retherenow.
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BOXTOPdrawstheBoxtop. You definethesizeof the
short sideand thenumber of markstoappear on that side.
For example...

BOXTOP 300 30

TheCURVE procedurelookscomplex. Butitissmply
theturtle doing the sewing that you did with a needle and
colored yarn.

CURVE 3010-30003000

You aregoingtodraw 30linesthat are 10 stepsapart.
You start at : X1in thelower left wherethex-coordinateis
-300 and the:Y1is0. Theturtle movesfrom :X1,:Y1to
:X2,:Y2, and then back and forth 30 times.

Goahead. Play with afew other combinations. Dothe
same things on the screen that you did with yarn. What
else can you dream up?

TO BOXTOP :DIST :MARK

PU SETX :DIST - :DIST * 2PD

REPEAT 2[MARKER :MARK RT 90 REPEAT 2
[MARKER :MARK] RT 90]

END

TO CURVE :T :GAP:X1:Y1:X2:Y?2
IF:T =0[STOP]

PU SETXY :X1:Y1PD

SETXY :X2:Y2

MAKE “X1:X1+ :GAP
MAKE“Y2:Y2+ .GAP

CURVE :T-1:GAP:X1:Y1:X2:Y2
END
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STRING 1503 2
TO MARKER :MARK

REPEAT :MARK [FD :DIST /:MARK MARKS]
END

TO MARKS
LT 90FD 5BK 10FD 5RT 90
END

Onceyou’ve played with the BOXTOP, thefollowing
procedures make a bit mor e sense.

TO STRING :RADIUS:DIST :HEAD
CSHT MAKE “N1PU SETX :RADIUSPD
REPEAT 360 [FD :RADIUS* PI/180LT 1] PUHOME

REPEAT 36 * :HEAD [FD :RADIUSMAKE “P POS
HOME HDG FD :RADIUSPD SETPOS:P PU
HOME HDG1MAKE “N :N +1]

END

TO HDG
SETH REMAINDER (:N* 5* :DIST) 360
END
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TOHDG1
SETH REMAINDER (5* (:N-1)) 360
END

TO PI
OP 3.14159
END

Play with them for awhile, trying different variables.
Not only do they create some beautiful patterns, they give
you alook at how positions and headings can be used.

By the way, did you catch that REM AINDER
command? That's part of the Great Math Adventure
coming up in the next chapter.
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