
Mandelbrot Set 

We can visualize at the Julia sets created by considering the iterating the equation 𝑥2 + 𝐶 and determining whether 
each complex number on the plane is a prisoner or escapee. Now we look at all of the possible C points and their 
associated Julia sets. If the Julia set is all one piece (this is also called being “connected”) we color the C point black, if 
the Julia set is lots of small pieces or “dust” (this is called “disconnected”), don't color the C point (or color it with a color 
that is not black). Here's what you get:  

 
This is the famous Mandelbrot set! There is a pattern to which Julia sets are all one piece and which are dust. We 

only have to look at what happens to the point 0 + 0𝑖 when we iterate: If 0 + 0𝑖 is an escapee, then the Julia set is dust, 
if 0 + 0𝑖 is a prisoner, then the Julia set is connected (all one piece, i.e. containing one black blob). Every point in the 
picture above corresponds to a Julia set – the black parts of the picture correspond to Julia sets that are connected and 
the grey parts to Julia sets that are dust.  

People have made the picture more interesting by adding colors to the points outside the set. Most people add 
colors by making the points different colors depending on how many iterations it takes for the 0 + 0𝑖 point to get out of 
the circle of radius 2.  

The Mandelbrot set is actually just the outline of the shape above, but adding the colors makes the visual images 
much more interesting. 

Exercises 

For each of the following values of C, determine if the Julia set is connected (all one piece). You can do this by using 
starting point 0 + 0𝑖 and determining if this is a prisoner. If it’s a prisoner, then the Julia set is connected and the point is 
colored black. If it’s an escapee then the Julia set is dust and the point is colored white or another color that usually 
depends on how fast the point escapes. If it’s neither then it’s on the border of the black region – these are the points 
actually in the Mandelbrot set! 

In the table below, either by-hand or using the “function pump” (http://www.shodor.org/interactivate/activities/TwoVariableFunction/) 
determine for each value of C below if 0 + 0𝑖 is prisoner, escapee, or neither. Then use the Julia set explorer 
(http://www.shodor.org/interactivate/activities/JuliaSets/) to look at the Julia set, noting if it is connected or dust. 

 
Value of C Mark Location on 

Mandelbrot set 
Is (0,0) Prisoner/ 
Escapee/Neither? 

Sketch of Julia set (note if it’s connected or dust) 

−1 + 0𝑖 

 

(Determine by hand, 
remember -1+0i=-1) 

 

http://www.shodor.org/interactivate/activities/TwoVariableFunction/
http://www.shodor.org/interactivate/activities/JuliaSets/


0 − 𝑖
= 0 + (−1)𝑖 

 

(Determine by hand)  

0.5 + 0𝑖 

 

(Determine by hand, 
note 0.5+0i=0.5) 

 

−0.1 + 0.8𝑖 

 

(Use function pump)  

0.36 + 1𝑖 

 

(Use function pump)  

 
Finally, use the Mandelbrot set to find interesting Julia sets with the following programs: 

• http://www.sinistercircuits.com/JuliaJive/index.html The Mandelbrot set is on the left. Move pointer to 
select different values for C and see corresponding Julia sets.  

• http://falcosoft.hu/html5_mandelbrot.html Will allow exploration of both Mandelbrot and Julia sets, but 
does take some getting used to! 

Where in the Mandelbrot set can the most interesting Julia sets be found? 

http://www.sinistercircuits.com/JuliaJive/index.html
http://falcosoft.hu/html5_mandelbrot.html
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