














Figure 7: The original picture at left. One application of the distance-dependent rotation matrix at center.
One hundred eighty applications of the matrix at right.

where 0 � a � 1 and 0 � b � 1, are called stochasticmatrices. Stochastic matrices are used to calculate
probabilities, and are usually thought of in the context of Markov chains or random walks. While not
generally thought of in the context of matrix transformations, we can certainly define matrix transformations
using these matrices.

The images shown in Figure 8 were generated by applying the stochastic matrix
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wide by 652 pixel tall digital image of James Whistler’s painting best known as “Whistler’s Mother”.

Figure 8: The original picture at left. Five applications of the stochastic matrix at center. Twenty-five
applications of the matrix at right.

Other Matrices. The undergraduate students went through their own type of transformation – from being
mathematics students using matrices on art, to “matrix artists” using mathematics to generate their pieces.
The students involved in this project were very creative in developing matrices, other than the types described
above, that generated beautiful animations, using time and distance dependencies in their matrices. In order
to increase computation efficiency, they replaced the pictures with grids of points in the plane, colored
according to their initial quadrant as shown at the top left in Figure 9, thereby allowing the students to run
experiments more quickly. Figure 9 shows selected frames from animations created by the students, using
the transformations
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at top and at bottom, respectively, where n is the iteration number. Again, the still frames do not do the
animations justice, and we encourage readers to view the animations on the previously mentioned website.

Figure 9: The original picture at top left. Progressive frames of one animation, top center and top right.
Progressive frames of another animation, bottom row.

4 Conclusion

It has often been said that “A picture is worth a thousand words.” In our cases illustrated here and on the
fore-mentioned webpage, this idea could be extended to say “An animation is worth a thousand diagrams.”
While the idea of using matrix transformations to create art is not new, it was definitely a new approach to
learning linear algebra for our students. There can be little doubt that the students who worked on this project
now have a better understanding of the effects of these matrices on points in the plane than they would have
ever had just looking at vector diagrams. In the course of analyzing the results, they have also touched upon
other seemingly unrelated topics, like vector norms, eigenvalues, and matrix limits. In the course of doing
so, they have broadened their recognition of art, and have learned how to create their own “masterpieces”.
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