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In the late 1880s, when Vincent van Gogh was painting in the south of France, classical

physics was in its prime years, the industrial revolution was in high gear, Lord Rosse’s giant

reflector telescope was exploring the sky, and heavier-than-air flight was being actively

researched. Vincent could have called one of his most famous paintings from that period

Tranquil Landscape, or Village in the Valley, or Evening Air. But no, he called it The Starry Night.

In many ways, science and art are profoundly similar. The best of each rises up from

the depths of human creativity, nurtured by an individual’s commitment to and passion for the

discipline. In common parlance, we are equally likely to hear (or say ourselves) “She’s got it

down to a science” or “He’s raised it to an art.” In other ways, however, science and art are pro-

foundly different. The most important scientific theories of all time, those that came from the

minds of undeniably great scientists, would all have been discovered eventually by one or more

other scientists. In some cases, important theories or discoveries have been rushed to publica-

tion out of fear of being scooped by someone else. In art, however, Cézanne didn’t have to

rush-paint his Mont Sainte-Victoire out of fear that somebody else was going to create the iden-

tical landscape. And if Claude Debussy had never been born, nothing remotely approximating

his famous “Prelude to the Afternoon of a Faun” would ever have been written by anybody, any-

where, at any time.

If art indeed imitates life, then art is an expression of the beauty, the tragedy, and the

complexity of the human condition. Central to imitating the human condition is the need to

explore our sense of place and purpose in the world. If the discoveries of science were

detached from this calling, then one would never expect science to inspire creativity in the

artist, or more specifically, one would never expect art to reach for scientific themes. Other

than the occasional portrayal of a comet or an evening moon, art before the nineteenth cen-

tury rarely tapped science for its themes. Only after the industrial revolution did science begin

to touch people’s daily lives. Today, we fully expect to be living differently (longer, better,

healthier, stronger) this year than last, simply due to the advancing frontier of science.

For most of the twentieth century, the public image of the scientist was of the wild-

haired, lab coat–wearing, test-tube–holding, unkempt, and antisocial variety. But what was

even more alienating than these stereotypes was that scientists typically labored in the confines

of laboratories and rarely communicated their work to the public, unless the results had direct

implications for national health or defense. And even then, the results were only occasionally

communicated by the scientists themselves. True, the great physicists Galileo, Newton,

Laplace, Faraday, Eddington, Jeans, and Einstein all wrote popular accounts of their works.

But the popularization of science differed greatly by country, with the result that some artists

knew a lot about new discoveries, while others remained ignorant of them.
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In today’s global culture of science it is expected (and even common) for scientists to

communicate discoveries to the public through magazines, books, television, and public talks.

During any given week, dozens of science programs appear on PBS and on cable TV channels,

while multiple science news stories make headlines in the daily newspapers.

This dramatic increase in science popularization has infused the arts. In recent years,

I saw the Tony Award–winning play Copenhagen on Broadway, where the audience was trans-

fixed by this retelling of important episodes in the history of particle physics and quantum

mechanics as they related to the making of the first atomic bomb. At the same time, I noted that

Brian Green’s book The Elegant Universe (1999) about the search for a theory of everything—

the ultimate explanation of all physical events in the universe—was high on the bestseller list.

A few months later, I attended a dance performance titled Elements, featuring four dancers per-

sonifying Earth, Air, Fire, and Water, which was inspired by modern themes of geology and

geophysics. Then I attended another dance performance, entitled Strings, which was inspired

by the string theory of particle physics and by the major tenets of the Big Bang theory of the

origin of the universe. In addition, two more science-inspired plays have recently raised their

curtains. QED explores the life of the celebrated physicist Richard Feynman, and Proof explores

the relationships between mathematical genius, mental derangement, and falling in love. On a

related theme, the film A Beautiful Mind—based on the life of John Forbes Nash Jr., the mathe-

matical genius who won a Nobel Prize in economics and suffered from schizophrenia—won four

Academy Awards, including Best Picture.

We have evolved from a culture in which science touched only a select few to a global,

diverse culture in which science touches everyone. Caught in the transition were those pio-

neering artists who, during the past two hundred years, sought cosmic themes at a time when

the science was there but accessible expositions of its discoveries were not available to all.

Today the public has embraced science as never before—not as something cold and distant but

as something warm and nearby. From the mysteries of cosmic origins to the mapping of the

human genome to the stellar origin of the chemical elements of life itself, people are beginning

to feel that scientific discoveries made by members of our own species belong to us all. People

see, perhaps for the first time, that they are no longer bystanders in the scientific enterprise

but willing and vicarious participants.

In Exploring the Invisible: Art, Science, and the Spiritual, Lynn Gamwell traces and

documents the resonant evolution of art and science through the last two centuries in as thor-

ough an exposition as I have ever seen. As the twenty-first century takes shape, I assert that we

are entering an era in which artistic inspiration comes, as never before, from the discoveries of

modern science. Just as religious and mythological sources had thoroughly influenced art

before and during the Renaissance, so countless artists are now being moved by the need to

capture the complexities and mysteries of the physical universe on film, in dance, and on can-

vas. The theories and discoveries of modern science will, I predict, prove limitless in their

potential to inspire human emotion and unbridled wonder. Artists can now count among their

many muses the secrets of the universe.





Mystery has shrouded abstract art since it emerged in the late nineteenth century. Where did

it come from? How did shape, color, and line—in and of themselves—come to be the vocabulary

of the modern painter? I propose that two catalysts contributed to the precipitation of abstract

art: the scientific worldview that developed after the publication in 1859 of Charles Darwin’s

On the Origin of Species by Means of Natural Selection and the secular concepts of the spiritual

that developed thereafter.1 Darwin forever changed our sense of the universe; what had been

static and eternal was now seen as constantly evolving. In the Enlightenment, Isaac Newton had

cast the universe as a vast, immobile volume of space—the ether—in which the stars and plan-

ets move slowly and precisely, like a great clock, and Carolus Linnaeus organized the plants

and animals of the natural world into a great “chain of being.” This metaphor, inherited from

Aristotle, positioned all entities in order of ascending complexity, from mineral, plant, and

animal to man and, ultimately, God.

This picture altered dramatically after Darwin presented overwhelming evidence that

the links in the chain of being are not rigid but changeable over time. Bitter public debates

erupted over the biblical and the Darwinian accounts of creation, and a new journalism

emerged to meet the general public’s burgeoning fascination with science and its implications.

Superbly illustrated science periodicals, books, and displays at public fairs brought science lit-

eracy to the general public and aesthetic inspiration to artists.2 Within decades, most educated

people of the West had adopted a scientific worldview.

This radical shift has long been recognized for its impact on science and culture; the

purpose of this book is to demonstrate its infiltration into the visual arts and the resulting emer-

gence of abstract art as part of the first wave of modern art in the late nineteenth century. By

the 1870s painters were thinking of themselves as organisms responding to light; Monet’s land-

scapes became as fluctuating as the light falling on his retina. New high-powered microscopes

were opening windows into hitherto invisible realms, and by the end of the century Art

Nouveau and Jugendstil designers were working in biomorphic styles that captured the new

evolutionary concept of life on the cellular level.

1. Map of the universe, computer
simulation, 2002. Virgo Super-
computing Consortium, Computing
Centre of the Max Planck Society,
Garching, Germany, and Parallel
Computing Centre, Edinburgh.

This computer simulation of
the structure of the universe is 
based on calculations of how clouds
of hydrogen and helium, as well as
invisible dark matter, have evolved
in the expanding universe. By
comparing such computer simula-
tions with observations of the real
universe, the Virgo Consortium, an
international team of astrophysicists
and computer programmers, hopes
to gain insight into how fluctuations
in primordial clouds of gas evolved
into today’s galaxies and larger
structures, such as the supercluster
of galaxies shown here.
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The most beautiful experience we can have is the mysterious. 

It is the fundamental emotion that stands at the cradle of true art and science.

Albert Einstein, “What I Believe,” 1930



As artists in Munich and Moscow were creating the earliest abstract art, based in the

new biology, the foundations of physics began to crumble. In the 1890s more windows were

flung open into even smaller invisible worlds when X rays were discovered. In the first decade of the

twentieth century, scientists realized that the basic building blocks of Newton’s clock—atoms—are

not solid but mainly empty space and that they are not eternal but transmutable. In the 1920s

the public grappled with the concept that the universe itself is in flux; indeed, that the universe

is expanding. During the 1920s and ’30s, as Albert Einstein’s space-time cosmology was replac-

ing Newton’s absolute space and time, artists in the second great wave of abstract art expressed

the new quantum universe in geometric art and steel-and-glass architecture.

Modern art also responded to the new secular concepts of the spiritual that were for-

mulated in the nineteenth century during major changes in religious beliefs. It would be too

simple to describe this as a battle between science and religion because neither is a single-

minded monolith, and there has been an ongoing dialogue between scientists and theologians.

These important debates are outside the scope of this book, but a central thread woven into the

fabric of modern art is the reformulation of theological questions in secular terms as artists and

scientists have searched for new ways to understand the human condition during the first secu-

lar, scientific age in human history.3

I have organized this book around the history of modern science, tracing the major

questions that have driven scientists and discussing related developments in the art world as the

concerns of artists have intersected with—and been inspired by—those of scientists. My goal

has been to begin with science and then, with this as background, to explore how artists have

created symbols that express the modern scientific understanding of the natural world and the

human condition. I begin the book in the early nineteenth century because the French Revo-

lution was the political starting point for the rise of modern science and secularism. Before

1789 astronomy, physics, and natural history had been gentlemen’s pursuits, but as democratic

reforms swept the West, chimney sweeps, seamstresses, and bankers also began to be attracted

to the antiauthoritarian outlook underlying the scientific method, in which there were no preor-

dained natural laws. When Darwin released Origin of Species in 1859, the burgeoning middle

class was already primed to embrace a scientific worldview in which the truths of nature are

determined by experiments that can be observed by all people equally. The French Revolution

was also the spiritual starting point for modern art and science because it inspired the passion-

ate quest for freedom and individualism that lies at the heart of psychology—the new science

of the mind—and in the soul of Romanticism. The Romantic artists, philosophers, and scien-

tists who took up the banner of liberty, equality, and fraternity also wrote the first creeds of the

secular age—pantheism and positivism—variations of which are held to this day.

Historians of modern art have tended to focus on Paris as the art capital of the West.

Following in the steps of trailblazers who have looked elsewhere, I argue that the core style of

modernism—abstract art—originated and was sustained in the nation that led the world in sci-

ence from the late nineteenth century to 1939—Germany—and in nations with a Germanic

culture, especially Austria and Russia.4 The conceptual basis for both the art and the science,

from Kant to Einstein, was provided by the philosophy of German Idealism—a powerful vision

of the unity of nature. The destruction of German culture and the diaspora of intellectuals
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during World War II effectively ended German Idealism as a living tradition in the minds and

hearts of artists and scientists; now a dead language, like Latin, it survives today in academia.

After 1945 the world center of science—and with it, avant-garde art—shifted to the

United States. The subsequent history of the interface between the arts and sciences has been

shaped by the disunity and diversity of American culture and by its tradition of utilitarianism.

With the beginning of the nuclear age in 1945, the American public tended to be suspicious of

science, and many new discoveries were greeted not with wonder but with dread. After the Cold

War, the society of science was increasingly organized into interdisciplinary teams of scientists

from around the world. Today it is common for research scientists, coming from diverse cultural

backgrounds, to stress the disunity of the sciences and to be wary of the kind of overview—

Weltanschauung—that guided German science for a century. As the immediacy of a nuclear

threat has faded, the popularization of science has expanded,5 and younger generations of artists

have begun to look again to science for inspiration. Citizens of today’s global culture routinely

learn of extraordinary breakthroughs as astronomers look back in time at the early universe

through telescopes positioned high above the earth’s atmosphere, and surgeons implant a life-

saving tube, thinner than a human hair, into a patient’s artery. But this renewed wonder is tem-

pered by ethical and social concerns also raised by discoveries, as artists, scientists, and the

public grapple with troubling questions about cloning, bioterrorism, stem cell research, geneti-

cally modified crops, and euthanasia. And every educated person in the world lives with the

uneasy awareness that at any moment the sleeping nuclear giant could be awakened.
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