
Turtle Geometry 

Turtle Race 

 shows four turtles racing from the left side of the screen to the right 
side. The winning turtle changes color. The background also changes color, 
to emphasize that someone has won the race. Here is a race in progress. 

 does the real work by running first  and then 
 In other words, the program is divided into a setup part and an 

action part. The job of  is to draw the racecourse and to assign 
colors and positions to the turtles. The job of  is to run the race. 

The motion of the turtles is controlled by repeated use of the
command, not by using the dynamic (speed) ability of the turtles. 

 is the top-level procedure. It knows where the left and right edges 
of the screen are and gives that information to

By Brian Harvey, with modifications by Jim Davis. 
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 and  contain the x coordinates of the starting and ending 
positions. This information is used to set the turtles up at the start of the race 
and to find the winner. 

Setting Up 

 has two tasks to do: set up the racecourse and prepare the four 
turtles as racers. It has one subprocedure to do each task. It hides the turtles 
when it starts, to avoid clutter during the setup. 

 is the procedure in charge of setting up the race-
course. This involves cleaning up the screen and setting its color, and then 
drawing the finish line. 

 draws a vertical line near the right edge of the 
screen. 

 positions the four turtles at the starting point of the 
race, near the left edge of the screen. Some things are the same for all the 
turtles, like the  to point them toward the finish line. But two 
things are different for each turtle: the vertical position and the color. 

 uses the primitive command  to tell Logo to set these 
two properties for each turtle separately. In the instructions given as inputs 
to  the particular value used for each turtle depends on the turtle 
number, represented by the primitive operation  For example, the 
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SETC instruction will give turtle 0 color 11  turtle 1 color 27 
( 1 1 + 1 6 * 1), and so on. 

 Vert ical position different 
 for each turtle. 

 Each turtle has different hue 
ST but same intensity. 

The result of running  is shown here. 

* 
* 
* 
* 

Running the Race 

The race itself is handled by  which moves the turtles one at a 
time until there is a winner. The command EACH is used to accomplish this 
one-at-a-time motion. 

After each turtle moves, the operation  checks whether or not the 
turtle that moved has reached :  and thus has won the race. If so, 
the procedure  is called to congratulate the winning turtle by 
changing its color. If there is no winner, the race continues. 

 is invoked for each turtle in turn. It moves the turtle a small 
random amount. The distances are small, so repeating this procedure over 
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and over will give a fairly smooth effect. The distances are random so that 
the race is different each time the program is run. 

 checks the current turtle's position to see if it's past the finish line. 
If so, it outputs  otherwise,

 just changes the color of the winning turtle and the 
background color, to indicate that the race is over. 

This is the end of a race. 

SUGGESTIONS 

This race is unfair; lower-numbered turtles have a greater chance of 
winning, because they move first. Here's one way to fix it: judge the winner 
only when each turtle has had a chance to move. Then the operation 

 would output a list of all winners. This is more egalitarian. Each 
could be bestowed an award. 

How about a musical fanfare at the end? 
On the other hand, if you like unfair races, perhaps the winning turtle 

should eat the other turtles, plunder their homelands, and so forth. 
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PROGRAM LISTING 

Four-Corner Problem 

Here is a famous math problem: There are four ants, each at one corner of 
a square. Each ant faces the next one. They all start walking at the same 
time. As they walk, each ant turns so that it continues to face the same ant 
it was facing at the beginning. How far do the ants walk before they all meet 
at the center of the square? 

This Logo program doesn't tell you how far they walk, but it does draw 
a picture to act out the problem. The only difference is that in this version 
of the problem we use turtles instead of ants. 

By Brian Harvey. 
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PROGRAM LISTING 

This project uses the  procedure, which is shown later on in this chapter. 



2 1 2 T U R T L E G E O M E T R Y 

Towards and Arctan 

 is an operation that tells you how to turn the turtle to get it 
pointing toward a particular position. It takes one input, which is the posi-
tion toward which you want to turn the turtle (in the form of a list of two 
coordinates). It outputs the heading to which the turtle should be turned 
in order to be facing from its current position to the input position. Here 
is an example. Start out with a clear screen with one dot in the middle. 

At this point, the turtle is facing north. 

The turtle is now facing the dot we drew at the center of the screen. 

This project is based on "Three Computer Mathematics Projects" by Hal Abelson, MIT Logo 
Laboratory Working Paper No. 16, June 20, 1974; write-up by Brian Harvey. 
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 is defined in terms of the second tool in this package, the 
 procedure.  takes a number as input and gives as output the 

arctangent (in degrees) of that number. The procedure uses an approxima-
tion that is good to within about one degree, close enough for graphics! 

For those who have studied trigonometry: the  procedure 
computes the differences between the x and y coordinates of the input 
position and those of the turtle's position, then takes the arctangent of 
Ay/Ax. The output from  is the correct heading, except that atten-
tion must be paid to the positive or negative direction of the two differ-
ences. (If you haven't studied trig, don't worry about it. You can use 

 without understanding its inner workings.) 

PROGRAM LISTING 
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Gongram: 
Making Complex Polygon Designs 

To make the first design, type: 

To make the second one, type: 

It takes a long time to make a gongram design since the turtle must draw 
many lines. 

 uses a variation of  Y, a procedure that makes a turtle draw 
polygons of different sizes and shapes. (See Atari Logo Introduction to 
Programming Through Turtle Graphics, p. 138, for a discussion of this 
procedure.) 

By Erric Solomon. 
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For example,  draws a 
 draws a five-pointed star of side 
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square of side length 50; POLY
length 50. 

SIDE VIEW T 0 P V I E W 

Each layer is slightly smaller than the one below it. Each layer of the cake 
is transparent, except when we draw on it. At the edge of the bottom layer, 
which we'll call the first layer, a pentagon is drawn. 

To help in understanding how a gongram design is made, imagine that 
you are directly above a layer cake. 
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Also drawn on the first layer is a smaller pentagon. It digs into the circle 
formed by the base of the layer above. (The second layer's base rests on the 
surface of layer 1.) The area between the two is filled in. 

The result is a thick POLY shape. In a similar fashion we draw two five-
pointed stars and fill the area between them in another color, sharing 
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Notice that part of the pentagon is covered by the star. Now we move 
to the next layer. On the second layer we draw two new pentagons, one at 
the edge of the second layer, the next one inscribed into the circle formed 
by the base of the third layer. And as before, we fill in the area between 
them in a third color. 

Notice that the view of parts of the star has been obstructed. Two new 
stars are inscribed in a similar manner, but instead of filling the area be-
tween them with a color, we rub an eraser over the area between the stars. 

We skip over layer three, and at layer four we pretend that it is the 
bottom layer and repeat the process. 

Of course, we didn't have to use a pentagon or a star. We could have 
chosen two other -generated shapes. We could choose other colors. 

Here is the completed design. 
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Making a Filled-in

Why not just use  several times, with a slightly different first input each 
time? That would produce several polygons of the same shape but slightly 
different sizes, one inside the other. For example, we could try this proce-
dure: 

The trouble is that this procedure doesn't equally thicken all the sides. 
Exaggerated view 

* TURTLE 
STARTS HERE 

We could try to solve this problem by moving the turtle in toward the 
center of the polygon a little before drawing the next polygon. But it's a bit 
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 center

 vertex. 
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to five distinct vertices. These vertices could be connected in several differ-
ent ways. The order in which the turtle points to them is the order in which 
they will be connected. 

In the earlier version of  the turtle always faces in the direction 
of the next side to be drawn. After it draws each side, the RIGHT turn points 
the turtle so that the next  will draw the next side. 

In the new version, the turtle does not face in the direction of the next 
side. That's why the sides are drawn using  instead of  we 
tell Logo where the next vertex is, instead of telling it the distance and 
direction. But the turtle's heading is still important in this version of
It is always the heading that a turtle in the center of the polygon would face 
in order to point to the next vertex. To see how this works, watch a version 
of  where two turtles are visible. Turtle 0 will actually draw the 
polygon; turtle 1 will sit in the center of the screen, but will keep turning 
to retain the same heading as turtle 0. 

Now that we've made a  that inscribes the design into a circle, 
a  is possible. 
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But we want to make a  that will make a  of any 
thickness. 

And now

 The distance between the edge of a layer and the base of the 
layer on top of it. 

 The radius of the largest layer. 
 An angle that dictates the shape of one of the polygons in-

scribed on the cake. In our example it is 72 (the pentagon). 
 An angle that dictates the shape of one of the polygons in-

scribed on the cake. In our example it is 144 for the star. 
:PCl The pen color for pen 1. In this example it is 30 for red. 

 The pen color for pen 2. In this example it is 62 for blue. 
 The pen color for pen 0. In this example it is 102 for green. 

 is the only procedure  haven't mentioned.  is just 
like  except that it calls  is just like 

 except that it puts the pen into eraser, or  mode. 
Here are some nice examples of

 Some of these take a very long time to draw. 
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PROGRAM LISTING 

Polycirc 

 makes designs by drawing polygons or lines around the circum-
ference of an imaginary circle. As the turtle walks around the circumfer-
ence, its heading changes as well as its position. Thus the polygons are 
drawn at different angles. 

By Erric Solomon. 
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We have used spokes in this example for their visual clarity, to help you 
understand how the program places polygons around a circle. A spoke is 
simply a  using an angle of 180 degrees. To draw other kinds of poly-
gons, use a different angle. For example, the square  at the begin-
ning of this section was drawn using an angle of 90 degrees. 

Several inputs or parameters of the design can be varied. 

 the second input, is the angle that determines the shape of the 
polygon. If :  is 180, just a spoke is drawn. 
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"This input can never be zero. 
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PROGRAM LISTING 

Animating Line Drawings 

In Atari Logo you can change the color of lines already drawn on the screen. 
This feature can be used to animate drawings. I will give three examples. 
In each of them all three pens are used to make a drawing. Then the 
drawings are transformed from static to moving pictures. This is done by 
changing pen colors. 

The first example is of spinning spokes. The other two examples show 
how color changes affect designs made by GONGRAM and POLYCIRC, pro-
grams that are described in other sections of this book. 

Spinning Spokes 

STAR draws 36 lines as if they were spokes of a wheel. As it draws lines, the 
turtle switches from pen 0, to pen 1, to pen 2, to pen 0, and so on until all 
the spokes are drawn. STAR puts the background's color in pens 1 and 2 so 
that their lines are not visible to the user while the design is being made. 
Lines drawn by pen 0 are visible; thus every third spoke is displayed on the 
screen. 

After it draws each spoke, STAR calls NEXTPEN, which changes the pen. 

By Erric Solomon. 
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Now try: 

 animates the picture; it displays spoke after spoke by changing the 
pen colors. The first input to  is the number of times the animation 
will be repeated. The second input controls the delay (in sixtieths of a 
second) between shifts of pen colors. You can think of this time delay as the 
length of time between frames in the animation. 

The basic idea in this example is that two pens are always "hidden," but 
CYCLE keeps changing which two are hidden. Lines drawn by pen 1 change 
to the color previously assumed by lines drawn by pen 0. Pen 0's lines 
change to the color in pen 2. Lines drawn by pen 2 change to the color that 
used to be in pen 1. This color is given to  as an input. 

Color Change with Gongram and Polycirc 

 can work its magic in other situations as well. Let's try it with 
 In this example, all three pens have visible colors. (The last three 

inputs to  are the colors for the pens.) Now run  and watch 
the result of this color shift. 

The following creates the same gongram pattern, but with two pens in 
the background color. 
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 is also animated by color shifting. Try this: 

You should see squares moving around in an elliptical path. 

For a listing of  see page 222; for  see page 227. 

PROGRAM LISTING 


