Fractal Images
JJHayes
Copyright, 2007, 2016 ToolSleuth, LLC
The elegance of mathematics becomes art when fractal meets color palette.  In the age of computer, we have hundreds to millions of choices for that palette.  Fractals deliver a pool of iterations which may be used to assign color from a palette, bringing both palette and fractal to life.  Beyond being a demonstration tool for the Data4Docs product, the FractalTraveller is intended as a free, standalone tool for exploring Fractals, Imaging and Spreadsheets through the use of
· Palettes,
· Schemes,
· Logic,
· Resolution, and
· Complex Mathematics
One may look at a fractal, such as the Mandelbrot set, as though it were a map.  A map of a large area offers fewer details; a smaller area on the same size map offers much more detail.  It is as though one were approaching Earth from space.  Earth grows from a dot, to a blue and white orb, then to continents and oceans, eventually to mountains, rivers, lakes, ponds and plains, venturing beyond the very molecules and atoms making earth’s dust, water, air, and occupants.  With the map, where one looks is just as important as how closely one is looking.  It is the same with fractals, and the edges are where the fascination is hidden.
[image: ]Where in the Mathematical world is the Mandelbrot set?  It will not be found in our real-world numbering system.  It is found in the combination of real and imaginary number lines called ‘complex numbers’ often shown as ‘Z’. One of the numbers is on the real number line, the other is on the imaginary number line. If you recall, the square root of -1 is an imaginary number.  However, it isn’t so imaginary, because it describes some of our real world.  (For example, in the realm of electricity, it is Reactive Power measured in Volt-Amps and reported as Volt Amps Reactive often called VAR.)  [bookmark: _Ref144185014][bookmark: _Ref144182036]Figure 1 - View of the Mandelbrot Set

Thinking about it a little more, complex numbers are no longer a point on a line, but a point on a plane – like a period on a sheet of paper.
So let’s look at Figure 1.  If the vertical edge (the long one on the right) is the real axis (number line), then the horizontal edge (the short one on the top) is the imaginary axis (number line).  That puts the origin (0i,0) towards the top right corner, and the middle of this image at (-1.2601735121i, -2.5623306744).  In the accompanying file created with Microsoft Excel, we have named this view as ‘Default’.  On our ‘map’ analogy, we now know where we are.
Resolution: How Closely are we looking?  Again, just like a map has a scale, such as 1 inch = 10 miles, so does our image, but our image has two parts to consider; the calculation resolution, and the display pixel size (or display resolution).  For the calculation, the image is made up of a series of equally spaced points.  We will call this resolution, which in Figure 1, uses one 0.01 in each axis.  So the dots in Figure 1 have centers (.01i, .01) apart from each other.  As this number becomes smaller, we are looking closer and are calculating more of details within the area we are focused on.  Whether or not these details will be visible on your computer screen is a matter of assignment, and that is in the eye of the beholder.  The display resolution of a computer screen is described as ‘pixels per inch’ (ppi), and moves us from the arbitrary world of dots into the world of what can be seen.  With the FractalTraveller, each cell represents a calculation dot initially set to a finite size of 4 pixels x 4 pixels.  If we are viewing our creation on a screen that has 72 ppi, then each calculation dot is a square of 4 pixels by 4 pixels, or 0.0556 inches on each side. If the more common Microsoft Office resolution of 96 ppi, then each square is 0.04167 on a side. The 4 x 4 pixels is defined at the 100% zoom setting. FractalTraveller is delivered with the zoom set to 25%; hence, it effectively shows each cell as 1 pixel by 1 pixel. Figure 2 - A calculation resolution of  0.000069444 shows this closeup pattern on a 'spike' of the Mandelbrot set.

When you think about it, the smaller the resolution, more trials (iterations) may be needed to determine if the location converges. We presume you eventually want to see an image, so the maximum number of iterations allowed is now capped at 1,000 for each cell.
Finally, how is the palette used? Color from the palette is assigned when the mathematical conditions assigned to that color become true.  For fractals, the main condition is whether a particular (Imaginary, Real) dot is ‘in the set’.  A complex number, Z, is in the Mandelbrot set if the absolute value of all numbers that can be generated from that Z (using a specific function) are less than 2.  The color is assigned by finding out how many times a particular Z and its children need to be calculated before one can say it is ‘not in the set’.  In practice, a range works fairly well, such as ‘Color #1 is assigned when the number of generations required is more than 5, but less than or equal to 10’ (Color #1: 5<n<=10, where n is the number of generations calculated). Once more than the maximum generations (or trials or iterations) as defined in the scheme have been calculated without violating the ‘>2’ rule, it is safe to say it is ‘Not in the Set’. Convention says this is 200; however, why not explore that aspect? Keep it to a maximum of 1,000 as mentioned above.
At download, a palette consists of 50 colors assigned using the RGB function.  R standing for Red, G is Green, and B is for Blue.  To define a color, you assign a number from 0 to 255, in each of the columns representing how much of the R/G/B color is wanted in the result.  There is only one palette used for all of the Schemes.
	Scheme Name

	Default

	Hi Detail


A Scheme combines the color label (usually a number) and the condition which must be met in order for that color to be used in the image.  Each scheme has up to 100 slots to define the color / trial combination. For convenience, a scheme can be named as well, and the original one here is imaginatively named ‘Default’. Additional samples can be found on the schemes tab. Figure 3 - The Mandelbrot Set using the same palette, drawn with a different Scheme

	Image Name

	Default

	MiniSetOnSpike

	Blue Ice

	Delirium?

	Hi Detail Default


[bookmark: _GoBack]Finally, one would like to save and retrieve those great images found throughout their travels. The FractalTraveller allows one to name and save the images to be recalled later.  Normally, this could quickly consume a hard drive’s capacity; but the FractalTraveller just saves what is needed to regenerate the image. By saving only a few selected variables and keeping the scheme and palettes unchanged, very little space is used in storing the image. The current saved list is shown in the adjacent table.    When one wants to recall an image, it is selected from the settings page, then on the Fractal page, a right-click to Fractal / Repaint will repaint the image. An added feature is that the image can be saved directly as a jpg image again by right-click to Fractal / Save / Save as Image
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