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Part I 

The Artist’s Perspective 

by  

Robert Lee Muñoz 

 

 

The left brain and the right brain, separate hemispheres of the 

human mind, function together in perfect unison, performing 

seemingly contradictory functions. The left brain controls the 

analytical thinking process, whereas the right brain influences our 

intuitive and aesthetic perceptions. Complicating matters further is 

the fact that these two areas of the brain control opposite sides of 

the human body
1
. I was not particularly interested in mathematics 

and science during my early education. However in later years, my 

thirst for knowledge and a fascination with the inner workings of 

mechanical devices led to my studies of the much more complex, 

and perhaps the ultimate question of how our universe functions. 

Religion, philosophy, physical and the metaphysical 

became the underpinnings of my well of knowledge and 

experience. While I ultimately enjoyed a thirty year career in 

business, communications and technology, my avocation in art 

                                                           
1
 This astonishing discovery is attributed to Roger Sperry, who won the Nobel 

Prize for Medicine in 1981.     
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eventually turned to and triumphed as my vocation and now my 

profession. 

The correlation of the two hemispheres of the brain that I 

mentioned in the beginning and their juxtaposition within my 

conscience and subconscious mind began to reflect in my art. An 

exposure led to the study of the abstract expressionist artists 

Jackson Pollock and Wassily Kandinsky which contributed to the 

development of my current artwork. Much has been said about 

their psychological and spiritual inspirations. I wonder - did they 

understand the mathematical implications of their own work? In 

any event, I set out at the turn of the century to draw my 

conclusions about the known universe, my own world and the 

larger physical universe we all live in. 

I believe it was calculus and the exploration of equations 

that offered me the first glimpse of a relationship between higher 

mathematics, my study of the universe and my artwork. I asked 

Ashay Dharwadker, a mathematician, for his ideas on how to use 

my art in describing and illustrating theoretical physics; concepts I 

can barely explain in words, let alone create and use symbols to 

construct equations. Up until now, the science of chaos loomed as 

my best explanation of my action lines. A recent lecture given by 

Dharwadker utilizing at least one his equations allied to portions of 

one of my paintings appears to produce a prediction of sorts that 

can be explained as a function of form. 

This may produce a style as well, but at the risk of sounding naïve 

- is this not tantamount to chasing my own tail?  

What can be learned from this understanding of art? Can a 

Pollock or a Kandinsky, a Rothko or Muñoz Painting be duplicated 

by mathematics - can one in this Style, if you will, be 

manufactured? These questions are only important to me in so far 

as they  approach the larger question of why and from where the 
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inspiration for such work originates and if there is a grander 

purpose for the creation of such artwork - what might that be? 

I began to think further about such questions particularly 

after reading comments such as those contained in Dharwadker’s 

lecture: It is interesting to speculate that, perhaps, the artist's hand 

and eye somehow "knows" the interpolation formula, without the 

artist being explicitly aware of it, as the curve is painted on the 

canvas!  Philosophically speaking, the mere idea of my somehow 

already knowing what mathematical formulas are being exercised 

as my artwork unfolds may be more romantically compared to 

mathematics as a curve crossing art as another curve somewhere 

and more than once on the x and y axes! 

Now, before this idea is simply dismissed as rhetoric or 

hyperbole, consider the paragraph so cleverly written by David 

Berlinski in his book “A Tour of the Calculus” 
2
. Apropos tangents 

touching curves at many points he writes: Several lines of thought 

and desire are about to meet, but before they do it is worth 

remembering how often liabilities may be converted into assets. 

However undetermined a tangent line may be, it appears in this 

discussion with one part of its identity already fixed firmly in 

place: it is a line that meets a curve at a given point. Completely 

fixing its identity is a matter merely of coming up with a number.  

The mathematician intent on donating the line’s slope to a 

curve, and the skeptic bemused by the fact that lacking a slope the 

tangent line is mathematically undetermined, may be satisfied alike 

by a procedure that assigns a slope to a tangent line, the neutral 

idea of an assignment conveying, I think, the odd commingling of 

discovery and definition that is involved in any mathematical 

advance. 

                                                           
2
 A Tour of the Calculus, David Berlinski, Random House, Inc. New York, Pg. 

180, 181 
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Before turning to the Calculus as a tool for further 

exploration, I had written my own version of understanding and 

offered to explain my art in almost completely philosophical terms 

only hinting at some scientific basis. At a solo exhibit of my work 

last fall, I attempted to describe my work as follows. 

 

 

The Art of Muñoz 

 

 Reality painter: Philosophically speaking, this suggests that 

each individual can recognize the validity of a personal other 

universe and experience it, as his or her own reality. I paint for 

this experience. 

 Photons - reach our eyes universally. Assuming we are not 

blind, in theory our eyes may be our strongest and most 

reliable source mechanism for the recognition and assimilation 

of information leading to conclusions of reality. 

 Particle physics may be, not a theory at all, but a philosophy.  

Science must be explained.  Therefore my art, “Elementary 

Particle” if you will, reveals that picture of individual reality.  

Either you get it or you don’t!  Must art be explained? 
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Part II 

The Mathematician’s Perspective 

by  

Ashay Dharwadker 

 

At the time when the artist proposed his question about exploring 

the connection between art and mathematics, I was teaching a 

course on linear algebra
3
. As I marvelled at some of his paintings, 

it struck me that the curves in the paintings could indeed be 

described by mathematical equations using a technique that I had 

to teach my class anyway. That was the genesis of the following 

lecture, called The Art of Interpolation. 

 

1. The Artist  

Robert Lee Muñoz paints large canvases with oil/mixed media and 

his style of painting has often been compared with the great master 

of abstract expressionism, Jackson Pollock. In recent times, Muñoz 

has been exploring the connection between art and mathematics. In 

particular, he asks if it is possible to obtain a precise mathematical 

description of all the elegant curves that crisscross the vast expanse 

of his canvas. We shall attempt to answer Muñoz's question 

specifically for his painting "Endless Time". 

2. The Painting  

"Endless Time" is particularly amenable to the kind of analysis we 

have in mind. However, we still need to make a few basic 

                                                           
3
 Available online at http://www.dharwadker.org/munoz/art.pdf 

http://www.dharwadker.org/munoz/art.pdf
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assumptions. The painting is essentially composed of a large 

number of smooth curves. Each curve is continuous (painted in one 

stroke without taking the brush off the canvas) and smooth (has no 

sharp corners i.e. a unique tangent line can be drawn at each point 

of the curve). This is the geometry of the painting.   

 

Figure 2.1. Endless Time by Robert Muñoz 

To connect the geometry with the algebra, we introduce a right-

handed (x, y) coordinate system with the origin at the bottom left 

corner of the canvas. Note that we are working with an image of 

the painting that is 278 pixels wide and 400 pixels high and our 

unit of measuring the x and y coordinates is a pixel. Thus, the 

painting now lies in the first quadrant of our coordinate system and 

every point on the canvas has well-defined (x, y) coordinates. Each 

curve can be further broken up into pieces such that no vertical line 
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crosses a piece of the curve more than once. Then each such piece 

of the curve describes a function y = f(x). Our aim is to show how 

we can obtain an explicit mathematical expression for each such 

function and hence for the painting as a whole. 

  

3. The Curve  

For the purposes of this demonstration, we select a particularly 

elegant looking curve that catches our eye, situated vertically along 

the center and horizontally along the right of the canvas.  

y = f(x) 
 

 

x 

Figure 3.1. The curve 
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Let us select six points on the curve, quite arbitrarily, but 

intuitively as points of reference that the artist's hand and eye may 

have used to guide the brush as it painted the curve. We can 

measure the (x, y) coordinates of these six points in pixels:  

(197, 188)  

(212, 204)  

(238, 219)  

(257, 199)  

(267, 167)  

(272, 142) 

From these six points we shall show how to derive the 

mathematical expression for the function that describes the original 

curve, to a very good approximation, using the Lagrange 

interpolation formula. It is interesting to speculate that, perhaps, 

the artist's hand and eye somehow "knows" the interpolation 

formula, without the artist being explicitly aware of it, as the curve 

is painted on the canvas!  

   

4. The Lagrange Interpolation Formula  

Let R denote the field of real numbers. The vector space R[x] over 

the field R consists of all polynomials of the form  

f(x) = a0+a1x+a2x
2
+...+amx

m
 

where the coefficients ai are arbitrary real numbers and m is an 

arbitrary nonnegative integer. The set of monomials {1, x, x
2
, ...} 

forms a basis for this infinite dimensional vector space R[x] over 

the field R. Fix n+1 distinct real numbers  
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t0, t1, t2, ..., tn 

and let V be the subspace of R[x] consisting of all polynomials of 

degree less than or equal to n. The subset of monomials  

{1, x, x
2
, ..., x

n
} forms a basis for this n+1-dimensional vector 

space V over the field R.   

 

Figure 4.1. Graphs of the monomials 1, x, x
2
, x

3
, x

4
, x

5
 

Consider the dual space V* consisting of all linear functionals  

L : VR. 

For i = 0, 1, 2, ..., n define  

Li : VR; Li(f(x)) = f(ti). 
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Then each Li (called evaluation at ti)is a linear functional on V and 

we claim that {L0, L1, L2, ..., Ln} is a basis for the dual space V*. 

To justify our claim, it is enough to show that {L0, L1, L2, ..., Ln} is 

the dual of a basis {f0(x), f1(x), f2(x), ..., fn(x)} of V. There is at most 

one such basis, and if it exists, is characterized by the condition 

Lj(fi(x)) = fi(tj) = ij = { 
1 if i = j 

0 otherwise 
 

where ij is the Kronecker delta function. It is easy to verify that 

the polynomials   

fi(x) = 
 

(x-t0)...(x-ti-1)(x-ti+1)...(x-tn) 

 

(ti-t0)...(ti-ti-1)(ti-ti+1)...(ti-tn) 
 

for i = 0, 1, 2, ..., n satisfy the above condition. Let us show that 

the set {f0(x), f1(x), f2(x), ..., fn(x)} is linearly independent. Suppose  

c0f0(x)+...+cnfn(x) = 0(x) 

where 0(x) denotes the zero polynomial, then  

c0f0(tj)+...+cnfn(tj) = 0(tj) = 0 

for j = 0, 1, 2, ..., n. But  

c0f0(tj)+...+cnfn(tj) = cj 

by definition of the Kronecker delta function, hence cj = 0 for j = 0, 

1, 2, ..., n. Since we know that V is n+1-dimensional, the set  

{f0(x), f1(x), f2(x), ..., fn(x)} must be a basis for V. By the definition 

of a basis, for each polynomial f(x) of degree less than or equal n in 

V, there is a unique expression of the form  
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f(x) = c0f0(x)+...+cnfn(x). 

But then, for j = 0, 1, 2, ..., n, we have f(tj) = c0f0(tj)+...+cnfn(tj) = cj. 

Thus, for each polynomial f(x) of degree less than or equal n in V, 

there is a unique expression of the form  

f(x) = f(t0)f0(x)+...+f(tn)fn(x) 

which is called the Lagrange Interpolation Formula
4
. 

   

5. The Function  

We can now use the Lagrange interpolation formula to calculate an 

explicit expression y = f(x) for the curve. Using the notation above, 

we have n = 5 and the six points on the curve have coordinates 

  

   

t0 = 197 
 

f(t0) = 188 

t1 = 212 
 

f(t1) = 204 

t2 = 238 
 

f(t2) = 219 

t3 = 257 
 

f(t3) = 199 

t4 = 267 
 

f(t4) = 167 

t5 = 272 
 

f(t5) = 142 

 

                                                           
4
 Joseph-Louis Lagrange was one of the great mathematicians of the 18

th
 century 
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Then  

   

f0(x) = 
 

(x-212)(x-238)(x-257)(x-267)(x-272) 

 

(197-212)(197-238)(197-257)(197-267)(197-272) 
 

 

   

f1(x) = 
 

(x-197)(x-238)(x-257)(x-267)(x-272) 

 

(212-197)(212-238)(212-257)(212-267)(212-272) 
 

 

   

f2(x) = 
 

(x-197)(x-212)(x-257)(x-267)(x-272) 

 

(238-197)(238-212)(238-257)(238-267)(238-272) 
 

 

   

f3(x) = 
 

(x-197)(x-212)(x-238)(x-267)(x-272) 

 

(257-197)(257-212)(257-238)(257-267)(257-272) 
 

 

   

f4(x) = 
 

(x-197)(x-212)(x-238)(x-257)(x-272) 

 

(267-197)(267-212)(267-238)(267-257)(267-272) 
 

 

   

   

f5(x) = 
 

(x-197)(x-212)(x-238)(x-257)(x-267) 

 

(272-197)(272-212)(272-238)(272-257)(272-267) 
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Figure 5.1. Graphs of f0(x), f1(x), f2(x), f3(x), f4(x), f5(x) 

 

and the Lagrange interpolation formula yields  

f(x) = 188f0(x)+204f1(x)+219f2(x)+199f3(x)+167f4(x)+142f5(x). 

Thus, we have obtained an explicit expression 

y = f(x) = a0+a1x+a2x
2
+a3x

3
+a4x

4
+a5x

5
 

for the curve as a quintic polynomial. Of course, this expression 

depends upon the number and initial choice of the fixed points on 

the curve. Different choices will yield better or worse 

approximations to the original curve. Just how good our 

approximation is, remains to be seen. 
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6. The Program  

We would now like to superimpose the curve defined by the 

quintic polynomial y = f(x) = a0+a1x+a2x
2
+a3x

3
+a4x

4
+a5x

5
 upon the 

original painting to see if it is a good approximation. We wrote a 

computer program that takes the coordinates of the initial points as 

input, computes the Lagrange interpolation polynomial and draws 

the curve. The output is scaled to superimpose directly on the 

image of the painting.  

 

Figure 6.1. The output of the program 

As you can see from the picture on the cover page, the quintic 

polynomial y = f(x) = a0+a1x+a2x
2
+a3x

3
+a4x

4
+a5x

5
 gives quite a 

good approximation to the original curve on the interval 

197x272.  
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