Batman Equation

J. Matthew Register wrote the original Batman equation “many years ago.” He was teaching at a
few art schools throughout the greater Sacramento area where he used it to engage his students in

the topic of graphing. One of his students posted it to Reddit in 2011 and it went viral. These days,
he is a full-time professor at American River College.
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The following expression can be used to plot a Batman Equation using the Google Function Plotter
at http://goo.gl/QTzAq. Note: You will need to compress the y-axis by one click using the controls in
the upper left corner of the plot area, then click and drag the image to center it.

y = 1.5 * sqrt((-abs(abs(x) — 1)) * abs(3 — abs(x))/((abs(x) — 1) * (3 — abs(x)))) * (1 + abs(abs(x)
—3)/(abs(x) — 3)) *sqrt(1 — (x/7)"2) + (4.5 + 0.75 * (abs(x — 0.5) + abs(x + 0.5))
— 2.75 * (abs(x — 0.75) + abs(x + 0.75))) * (1 + abs(1 — abs(x))/(1 — abs(x))), (-3)
* sqrt(1 — (x/7)"2) = sqrt(abs(abs(x) — 4)/(abs(x) — 4)),
,(2.71052 + 1.5 — 0.5 * abs(x) — 1.35526
* sqrt(4 — (abs(x) — 1)"2)) = sqrt(abs(abs(x) — 1)/(abs(x) — 1))
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Batman Equation Background

Why does this work?

Let’s look at some of the math behind it, adapted from material presented on the Pacific Tech
website http://www.pacifict.com/Examples/Batman/.

Let's begin with some basic algebra and graphing: y = x is the
formula for a line +45° through the origin:

B -x

We can re-write y = x by subtracting y from both sides, yielding
the equation x — y = 0. That doesn't change anything, though; the
graph is the same. -1t
y = —x, or equivalenty, x + y = 0 is the formula for a line —45° A
through the origin:
B = -x
1 1

Now, here is the first trick. If we want a single equation to graph
both of the lines (x + y) = 0 and (x — y) = 0, we can multiply the
left-hand side of the equations together. Since any number times
zero is zero, the solutions to our new equation (x +y) * (x —y) =

0 occur when either x + y = 0 or x —y = 0 which is exactly what
we want to graph both lines:

B x+y)(x=-y) =0
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The Batman equation is the product of six terms on the left-hand side set equal to 0. To understand
it, we can look at each of the six terms separately, since the graph is just the composition of the six
graphs where any one term is equal to zero. Each term is still complicated when taken individually,
however, so before we examine each one, there is one more trick to explain in detail.

Consider the absolute value of x (i.e., |x|), which is defined as +x
when x is positive, and —x when x is negative, and of course, zero
when x is zero:

B [

Then divide that by x, giving the function |x|/x, which is +1 when
x > 0, —1 when x < 0, and undefined at zero:

I
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If we replace x with x — 1 everywhere, that shifts the graph over to
the right by one:
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Now we have an equation for a graph thatis +1 whenx > 1 and —1
when x < 1. If we replace x by the absolute value of x in this
equation, that takes the right-hand side of the graph and flips it as if
through a mirror along the y-axis, giving us an equation for a graph
thatis —1 when —1 < x < 1, and +1 when x is outide the range
from —1 to +1.

x| - 1
x| = 1

The last step in our trickery is to take the square root of all that. The
square root of 1 is still 1, but the square root of —1 is the complex
number i. Since we're now graphing real numbers on the real-valued
xy plane, the complex values do not appear:
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But that is just a plot-friendly way of saying a very simple thing:

B i1
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Now we're ready to look at the first term in
the Batman equation. Ignoring the square root
trick, it is just the equation of an ellipse:

The first square root term chops the middle
out of the ellipse using the trick we learned
above:
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The second square root term chops a little bit more off the bottom:

| ("_“‘)2+ (-}.’)2= l,l.r|>3,_v> (_3;@

7 3

Page 5 of 8




The next five terms can be understood as functions of x, three of them are linear or piecewise

linear:
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Putting all those pieces together, and color-coded to match equation to graph:

Here the terms are written more clearly, with the domain restrictions spelled out explicitly
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