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By Nancy Holleran

Depicting Dana’s thesis of entropy in a closed system became a daunting 
challenge given it’s abstract subject matter and the fact my usual subjects are 
people, dogs and unique places. As a start point, I provided paper and pencil 
during our discussion for Dana to provide some pictorial description of her 
thesis; it was a great start. In hopes to get further inspiration, I reviewed the 
second law of thermodynamics in my very old Physical Chemistry book. 
Important points were reinforced: there are nuances between entropy and dis-
order; a closed system has entropy which may increase or remain constant. 
The higher the randomness, the higher the entropy and vice versa.

We went through a cycle of several drafts with me using copious amounts of   
Lunar Blue watercolor to approach the thesis. Texting back and forth, Dana 
provided me a better understanding of the probabilities she was projecting and 
ideas for a more accurate means to display randomness or disorder as well as 
the smaller probability for low entropy. With a reasonable understanding of the 
thesis and Hubble telescope cosmic photographs, I was ready to create.

My paintings depict in a universe of high entropy, there are isolated points of 
low entropy but regardless, entropy increases or is a constant in a closed 
system. “Entropy #1” depicts million/billion year old mass of gases (sometimes 
called “star nurseries”) drifting in a high entropy state. “Entropy #2- A Star 
Birth” depicts creation of a star through gravitational forces on the masses 
causing nuclear fusion and a low entropy excursion within a locale in the uni-
verse; “Entropy #3- Star Decay” is the decay of the star when the fuel runs out 
with energy flowing outward and #Entropy #4 continued high entropy of our 
universe. The paintings themselves required multiple techniques of mask-out, 
glazing, opaque layering, spatter painting and uses of Daniel Smith metallic 
paints. My color scheme chosen of blues, lavenders, rusts and metallic were 
used to invoke the occurrences in our universe as memorialized by Hubble sci-
entist depicting differing energy levels and entropy excursions.

More important than our collaborative work was the  privilege  to meet this 
talented and humanitarian young woman. This prompted me to add a painting 
“The Physicist “showing Dana working on her thesis in Jamaica doing social 

work. This project was an amazing and challenging experience; it was a privi-
lege to be chosen. Thank you Dr. Bailey for the opportunity to meet Dana and 
the art challenges this project provided.

By Dana Faiez

My research project that Nancy has beautifully illustrated is concerned with 
genuinely isolated quantum systems and their evolution over long periods of 
time. If such a system starts from a thermal equilibrium (which corresponds to 
maximum entropy state), we expect rare downwards fluctuations from the 
equilibrium (which corresponds to low entropy state). 

This can in fact be applied to macroscopic systems as well, although the 
timescale one needs to observe these rare fluctuations are exceedingly large. 
In cosmology, it is widely believed that the initial state of the universe was of 
low-entropy and that this is required to explain the second law and the arrows 
of time. A controversial explanation for this low-entropy state is a large fluctua-
tion away from an equilibrium state. Such state with low entropy translates into 
having matter and energy clustered into a relatively small spatial region. Such 
gathering of matter and energy can in principle turn into anything: a frog, a 
chair, a brain, or a big bang.

We take as an example, our universe to be the isolated system. We make the 
assumption that one can in fact apply quantum theory to the universe as a 
whole, and that the universe can access indefinitely long timescales. We initial-
ize this universe from a thermal equilibrium state, and study the downward fluc-
tuations of the entropy of the whole system. We find that entropy cannot reduce 
to values smaller than ~50% of its maximum. This means that, the creation of 
our universe from such a fluctuation is perhaps unlikely as entropy cannot 
reduce to any substantially low value, given infinite time. 

What Nancy has illustrated in this artwork is the time evolution of entropy. At 
each time step, a frame, representing the state of the universe at that time, with 
particles depicted as light dots, is displayed. One can see the particles clus-
tering in one small region of the universe, in the frames lowered in position, rep-
resenting the rare downward fluctuations. While in most other frames, particles 
are scattered all over the universe, representing the times when entropy is fluc-
tuating by small amounts around it’s maximum. 


