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To my parents,
Nan and Britt Pendergrast,
mirrors for those who seek peace and
justice in a difficult world.



The world is full of fools, and he who would not see it
should live alone and smash his mirror.

ANONYMOUS FRENCH PROVERB

Strange, that there are dreams, that there are mirrors.
Strange that the ordinary, worn-out ways

of every day encompass the imagined

and endless universe woven by reflections.

JORGE LUIS BORGES

They gave us things like solid water, which were some-
times brilliant as the sun and which sometimes showed us
our own faces. We thought them the children of the
Great Spirit.

CHIEF CAMEAHWAIT OF THE SHOSHONE,

August 1805, upon receiving mirrors from
the Lewis and Clark expedition.

Mirrors symbolize reality, the sun, the earth, and its four
corners, its surface, its depths, and all of its peoples.
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INTRODUCTION

Every morning there you are again. It’s a ritual that humans perform
daily, something so commonplace that we hardly notice it. Perhaps
you’re a little bleary-eyed, but that’s you in the mirror, all right, maybe
with a toothbrush in your mouth or a washcloth in your hand, trying
to reorient yourself for another round in life’s everyday affairs. Like
most people, you’ve become so accustomed to this morning routine that
you rarely think about it. Yet it’s almost unique in the animal kingdom,
because the ability to recognize the creature in the mirror as you seems
to be limited to the higher primates and, perhaps, dolphins and ele-
phants. Other animals see only a rival or a friend.

Mirrors are meaningless until someone looks into them. Thus, a his-
tory of the mirror is really the history of looking, and what we perceive
in these magical surfaces can tell us a great deal about ourselves—
whence we have come, what we imagine, how we think, and what we
yearn for. The mirror appears throughout the human drama as a means
of self-knowledge or self-delusion. We have used the reflective surface
both to reveal and to hide reality, and mirrors have found their way
into religion, folklore, literature, art, magic, and science.

Humans have been intrigued with mirrors since prehistoric times.
The ancients—Egyptians, Indians, Chinese, Mayans, Incas, and
Aztecs—buried their dead with magical metal or stone reflectors, to
hold the soul, ward off evil spirits, or allow the body, before taking the
final trip to the afterlife, to check its hair.

Because a round mirror can both reflect the sun and become a minia-
ture imitation of it, early metal reflectors came to be associated with
sun gods. At the same time, however, mirrors as secular objects were
used to apply cosmetics, foreshadowing thousands of years of people
peering into the “flattering glass.”
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Yet the magic of mirrors remained. Scryers (gazers into reflective sur-
faces) in the Middle Ages used them to look into the mystic future; in
this way, mirrors served as a portal to the divine or demonic. Magicians
manipulated them to create illusions to impress kings and commoners.

And from the earliest times, mirrors have also been used for scientific
applications. According to legend, Archimedes used mirrors to set fire
to Roman ships during the siege of Syracuse, and the controversy over
whether or not this feat was possible led eventually to modern solar
ovens and generators. Concave mirrors made early lighthouses possible,
and the reflecting telescope changed our view of the universe. Today,
huge mirrors permit us to peer back through time billions of years—
into the most distant regions of space—and lightweight gossamer optics
will allow us to look even farther. Some envision using giant, orbiting
mirrors to manage the earth’s climate.

Thus, the story of mirrors is also the story of light, that mysterious
medium that acts simultaneously like a wave and a particle, imposes a
speed limit on the universe, and in a sense is the universe, at least ac-
cording to Albert Einstein. Yet no one really knows what light is. As if
these mysteries were not enough, visible light is only one octave in the
spectrum that ranges from mile-long radio waves to high-energy bursts
of gamma rays. After World War II, our ability to explore the universe
dramatically expanded as scientists figured out how to make unusual
mirrors to reflect most of those wavelengths. That story, too, is part of
the mirror saga.

The glass mirror industry, since its inception in the Middle Ages as a
secret Italian guild, followed by the seventeenth-century French indus-
trial espionage that broke the monopoly, has grown to huge propor-
tions. The common glass mirror also had an unforeseen and revolu-
tionary impact on Renaissance literature and art, rendering them more
realistic, secular, and sexy.

With the advent of cheap industrialized glass and modern methods of
applying reflective material to it, mirrors have become common objects
even in the poorest homes. They have been used creatively by architects
and home decorators, and in the twentieth century glittering mirrors
helped transform the United States into a pleasure-seeking, vain,
celebrity-driven society. Psychologists, advertising men, police, and
voyeurs peer at us through one-way mirrors. Now more than ever, mir-
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rors are ubiquitous reminders that the study of mankind is man and
woman.

Mirrors ushered in the earliest human civilizations, and now they
point us into the future—while simultaneously allowing astronomers to
peer ever farther back into time. The history of mirrors covers a vast
territory, from the creation of the universe (perhaps along with alter-
nate mirror universes), to the first hominids, to the Hubble Space Tele-
scope, and beyond. The cast of quirky characters looking into and ma-
nipulating mirrors is equally diverse.

When I first conceived of this project, I knew it would be interesting,
but I didn’t realize how many facets it would contain or where it would
take me. I examined ancient Egyptian mirrors in the Louvre, walked
through the Hall of Mirrors at Versailles, looked at myself in an Aztec
divining mirror at the British Museum, stumbled through a century-old
mirror maze in Lucerne, buried myself under books and manuscripts in
various archives and libraries, visited a French nudist colony (few mir-
rors, as I suspected), lay on my back to see the world’s largest kaleido-
scope in a silo in Upstate New York, looked at myself as I really am
(not flipped right-to-left) in a “True Mirror” in Manhattan, clambered
to the top of a new 300-foot-diameter radio telescope in rural Green
Bank, West Virginia, gazed down into the vast pool of the 200-inch
mirror on Mount Palomar, and lived at a Vedanta monastery while tail-
ing John Dobson, the extraordinary missionary of amateur-telescope
mirror-makers.

As I type this sentence, I am looking into my own eyes in the hinged
“PC mirror” attached to the side of my computer monitor. This device
is sold by a New York company primarily as a sales tool for telemar-
keters—if you smile winsomely, people are more likely to buy your
product. I put the mirror on my computer, however, not to sell some-
thing but to remind me of my own humanity. Right now, I see a man in
his early fifties, graying around the temples, who needs a haircut and
who, though he hates to admit it, looks a bit like Woody Allen. I am
confessing all this because the book is not only a history of mirrors but
also, like all books, a reflection of a particular person and his experi-
ence. Although I will not reappear in person until the final chapter,
readers should bear in mind throughout that I am lurking somewhere
behind these words.
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An overarching theme in this book is that as human beings we use
mirrors to reflect our own contradictory nature. On the one hand, we
want to see things as they really are, to delve into the mysteries of life.
On the other hand, we want the mysteries to remain mysteries. We
yearn for definitive knowledge, yet we also revel in imagination, illu-
sion, and magic.

The German poet Rainer Maria Rilke may have been right when he
wrote, “Mirrors: still no one knowing has told / what your essential na-
ture is.” In J.K. Rowling’s Harry Potter fantasy novels, the Mirror of
Erised shows us “the deepest, most desperate desire of our hearts.” In a
way, all mirrors are like that. Ultimately, what we see in them depends
on what we bring to them.



Chapter 1

THE MIRROR OF THE SOUL

If I ask if all be right
From mirror after mirror,
No vanity’s displayed:
I'm looking for the face I had

Before the world was made.

WILLIAM BUTLER YEATS

TH E SCENE: AN AFRICAN savanna after a torrential sea-
sonal rain. Water still drips from the leaves of the scattered trees
and seeps into the roots of the tall grass. In the peaceful aftermath of
the storm, animals gather to drink in the temporary pools, lapping and
slurping with their tongues. At one pool, however, a creature standing
upright on hind legs leans over, preparing to scoop water with its hand.
But it stops, furrowing its brow in curiosity.

The hominid has noticed how in the still pool the baobab tree magi-
cally appears to grow down into the water. Now, he sees a fellow crea-
ture looking back at him, hand cupped, ready to drink. Is it an enemy?
The hominid bares his teeth. So does the man in the pool. He grunts
and hits at him, but the image disappears in a splash.

He dips his hand and drinks, then sits back and contemplates the
scene before him. The ripples gradually settle. He smiles at the beauti-
ful reflection of the tree, then leans over again to see his silent fellow
creature. He, too, is smiling. Perhaps he is not an enemy after all.

The man frowns; so does his reflected companion in the pool. He
sticks out his tongue; they both do. They touch their noses, show their
teeth, pull their ears, wink simultaneously. He understands, on one
level, at least. They are the same, yet they are different.
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Such was probably the first mirror, as humans evolved from apes and
developed self-consciousness. Of course, such a fable is a simplified ver-
sion of what took evolution millions of years to accomplish. According
to paleontologists, our forebears stretch back some 18 million years.
Homo sapiens appeared only some 200,000 years ago.

Our sapient ancestors could think abstractly, use tools, create art.
The magnificent paintings of deer, horses, bison, and other animals at
the Chauvet cave in southern France were created 32,000 years ago.
Physically and psychologically, we haven’t changed much since then,
despite our enormous technological progress. “Remember that the Cro-
Magnon people are us—by both bodily anatomy and parietal art—not
some stooped and grunting distant ancestor,” observed paleontologist
Stephen Jay Gould. “Large, widespread, and successful species tend to
be especially stable. . . . Human bodily form has not altered appreciably
in 100,000 years.”

We all know what it is like to be human, yet we do not know, and
the history of the mirror is intimately tied to that questioning am-
bivalence. We think, and so, as René Descartes posited, we self-con-
sciously exist. But this self-awareness leads to questions. Who is
doing the thinking? Who am 1?2 Am I that image in the mirror? How
do 1 fit into the universe? What is beauty, and why does it move me?
What is love, and why am I so obsessed with thoughts of sex? And
by the way, how does my hair look? Do you think my nose is too
big?

We are a curious species, and so we are always turning the next cor-
ner, wondering what is over the horizon, opening Pandora’s box. That
same curiosity leads us to the mirror to gaze deeply into our own eyes
in search of answers. It appears that only a few animals—higher apes,
man, perhaps dolphins and elephants—have the mental capacity to re-
alize that they are looking at their own reflections. That capacity for
self-consciousness is apparently fundamental to the human experience,
connected to self-awareness, logic, and empathy.*

*The ability to recognize oneself in a mirror has profound implications that will
be explored fully in the final chapter.
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“Come along, child, have no fear,” a French educator writes in a
message to students about to enter the Chauvet caves. “He who walked
about here ... was your fellow creature, your brother. ... He is also
your mirror and your memory.”

The Ka in the Mirror

It is impossible to pinpoint when humans first created an artificial mir-
ror. Initially, they probably gazed into bowls of water, then made the
logical connection between still waters and other flat, reflective objects.
As nomadic hunter-gatherers, Stone Age people learned to work rocks
into weapons, so it is not surprising that the earliest artificial mirrors
archaeologists have discovered, dating from around 6200 B.C.E. at
Catal Huytik (near Konya, Turkey), were made of polished obsidian, a
natural black glass created during volcanic eruptions.

Other candidates for the first man-made mirror are a slab of selenite,
with traces of wood around it that may have been a mirror frame, and
a disk of slate. Both were found in El-Badari in Egypt and date from
around 4500 B.C.E. A reflective piece of mica pierced with a hole, pre-
sumably for suspension from a wall, was also found in Egypt from the
same period.

The mining and working of metals marked the European Copper,
Bronze, and Iron Ages (ca. 4000 B.C.E. to 1 B.C.E.). The scientific quest—
the human desire to explore, explain, and transform the world through
logic and experiment—arguably began with pottery, then metallurgy.
Copper was a pliable substance. Tin, too, was easily worked. At some
point, someone combined the two metals, discovering that the resulting
bronze alloy, using mostly copper and some tin, was stronger and less
subject to corrosion. Thus with the first great civilizations and cities
came the bronze sword, efficient warfare—and many more mirrors.

The earliest copper mirrors were found in Iran and date from around
4000 B.C.E. Other copper mirrors, found in an Egyptian grave dating
from the period of the First Dynasty of the pharaohs (ca. 2900 B.C.E.),
were shaped like upside-down pears with handles. They probably came
in trade from elsewhere. Because the Egyptians were so obsessed with
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death and the afterlife, however, and because they preserved their pos-
sessions in tombs, we know more about their mirrors than about those
of other cultures.

The typical ancient Egyptian mirror was essentially flat (a few were
convex or concave), polished on both sides, and slightly elliptical (wider
than high) with a sharp metal tang at the bottom that fit into a handle
made of wood, stone, ivory, horn, metal, or clay. The highly polished
surface was protected with cloth, animal hide, or woven rushes. In the
tomb of Tutankhamen, there was a mirror in its own custom-fitted
wooden box, embossed with sheet gold and inlaid with colored glass,
carnelian, and quartz.

Generally made of copper until around 2100 B.C.E., then of bronze—
and sometimes gold or silver—Egyptian mirrors were both secular and
religious objects. They were often used for such familiar purposes as
applying makeup. The Egyptians’ elaborate cosmetics probably first de-
veloped as a defense against the fierce sun, moisturizing the skin and
protecting against glare. But it is clear from paintings and carvings that
Egyptian men and particularly women spent a great deal of time work-
ing on their appearance, applying makeup of yellow, green, black, and
red. Priests used mirrors to see while they shaved their heads; others
fixed their hair or wigs. In addition, the Egyptians were susceptible to
eye diseases and probably used their mirrors to examine their eyes.

The mirror’s primary religious connection was to Ra—the most pow-
erful deity, the omnipresent African sun—and the mirror was his sym-
bol brought to earth. In Egyptian sculpture and painting there is always
a round sun-mirror atop Ra’s falcon head. Even the mirror’s elliptical
shape imitated the rising or setting sun, stretched sideways as it re-
fracted through the atmosphere.

Egyptian mirrors also were associated with Hathor, the goddess of
love, fertility, beauty, and dance. Hathor was usually represented as
cow-headed, her horns enclosing a sun-mirror-disk, and she was identi-
fied as the eye of the sun god. Perhaps this is why some Egyptian mir-
ror representations have magical eyes painted in their center. Mirror
handles sometimes show Hathor as a lithe nude, and dancers depicted
in tomb paintings frequently hold mirrors. In the “Erotic Papyrus” (ca.
1300 B.C.E.), a naked woman with splayed legs masturbates atop a
pointed cone while looking into a mirror to apply makeup.
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The ankh, the Egyptian symbol of life, looks like a mirror—it is
egg-shaped, with a T-handle attached at the small end. The long name
for mirror is ankh-en-maa-her, meaning something like “life-force for
seeing the face,” and was shortened to “see-face.” On a typical coffin
lid, the goddess Hathor (this time with a lovely human face rather
than a cow’s head) holds ankbs that look very much like mirrors. In
addition to their “see-face” names, Egyptian mirrors were also given
religious titles such as “the divine,”
“the truth.”

The Egyptians believed that each person had a double called a Ka,

that which is in eternity,” or

which represented a person’s essential genius, energy, and identity, as
well as a Ba, the soul or consciousness, usually shown as a bird. The
elaborate mummification of the body and other funeral practices were
designed to preserve both Ka and Ba. The Ka, like its former body, re-
quired food for energy, which is why the Egyptians brought food and
drink regularly to the tombs. The Ba flew off to heaven during the day,
but at night it reunited with the mummified body. The deceased thus be-
came identical to the sun-god, who rose each day and, like Osiris, died
every night only to be reborn at dawn.

Mirrors were an essential element in tombs. In her book Ancient
Egyptian Mirrors, Christine Lilyquist describes a tomb scene at Thebes
where a girl presents ointments and a mirror to the deceased with the
statement: “To thy Ka. It has made thee, namely the House of Morning,
thou being living . . . vigorous like Ra every day.” The Egyptians may
have believed that the mirror helped preserve the Ka, the double dis-
covered in the mirror’s depths, and allowed it to make a transition to
another life.

Thus mirrors are frequently depicted on the wall paintings directly
before the face of the deceased, or in his hand, beneath his chair, or in
his coffin. Although they were more elaborate in noble burial sites, mir-
rors are also found in very simple graves, even with children—some of
these cheaper “mirrors” are made of painted wood.

The Egyptians also understood some scientific uses of mirrors, redi-
recting sunlight down into pyramids to provide light for workmen in
the dark tombs. One papyrus even relates how a magician replaced a
severed head during a seance, apparently using a mirror to create an op-
tical illusion. Thus the Egyptians employed all the main themes associ-
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ated with mirrors—religion, cosmology, vanity, beauty, sex, death,
magic, and science.

Golden Reflections for the Lady of Uruk

Another ancient civilization flourished in the Fertile Crescent, which
nestled between the Tigris and Euphrates Rivers as both wend their way
to the Persian Gulf. Around 4500 B.C.E., at Tell al-Ubaid on the Eu-
phrates, a tribe settled and created an agricultural community. The
Ubaidians knew how to make clay bricks, plaster walls, mosaic decora-
tions, turquoise beads, and copper mirrors.

The Ubaidians left no written records, but their descendants, the
Sumerians (3000 B.C.E. and later), who invented cuneiform writing, left
clay tablets and archaeological evidence. We know from these that they
were practical traders who valued the art of metalworking and sup-
ported a thriving trade in tin, which came over mountain passes from
inner Asia or by sea. The cuneiform archives contain a number of
recipes giving the amounts of copper and tin to be used for bronze.

By 2000 B.C.E., the tibira, or metallurgist, was a prized specialist in
the cities of Uruk and Ur. “The list of metals used in the foundry of the
smith,” observes historian Samuel Noah Kramer, “includes almost all
those known at the time: gold, silver, tin, lead, copper, bronze.” The
cuneiform texts frequently mention mirrors, mostly of copper and
bronze. One tablet refers to repairs to a golden mirror belonging the
“the Lady of Uruk.”

Sexually explicit Sumerian myths featured mirror metaphors for ex-
cellence or beauty. In an exchange between Inanna, the goddess of love,
and her hairy husband, Dumuzi, she cries in passion, “Rub it against
our breast, my sweet!... My one worked on by a skilled metal
worker!” He cries out, “May you be a shining mirror! ... Come with
the sun, stay with the sun!”

The Sumerians wanted to understand the world in which they found
themselves. How could such joy and life coexist with suffering and in-
evitable death? They created numerous gods, and through various
methods of divination they sought ways to learn (and sway) the future.
Along with examining animal entrails and studying the heavens, they
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looked into a kind of mirror—a bowl of water, usually with floating
oil—to see visions.

One God, Many Mirrors

To the west of Sumer lay the Syrian Desert and the Arabian Peninsula,
home to Semitic nomads even in the time of the Ubaidians. For thou-
sands of years, the Semitic tribes periodically infiltrated, conquered, as-
similated somewhat, then departed Mesopotamia again for the desert.
Around 1850 B.C.E., a Semite named Abraham, apparently fed up with
the soft lifestyle and belief in multiple gods, left Ur with his wife, Sarah.
The patriarch of a tribe that came to be known as the Hebrews or Jews,
Abraham was typical of the nomads who provided a key link between
the civilizations of ancient Egypt and Sumeria.

Abraham’s great-grandson Joseph, sold into slavery by his half-
brothers, eventually wound up in Egypt around 1700 B.C.E. There, be-
cause of direct access to his singular God, he could correctly interpret
dreams, locate stolen goods, and see the future in the water reflections
of his magic silver goblet. As a result, he thrived as the right-hand man
of a grateful Semitic Hyksos pharaoh.

Some 450 years later, however, the Hyksos no longer ruled. Accord-
ing to the Bible, the resident Jews had been reduced to brick-making
slaves when their leader, Moses—another magician with strong ties to
God—inflicted various plagues on Pharaoh (probably Rameses II), who
finally let the Jews go, along with “articles of silver and gold [and]
whatever they asked for.” Apparently among the goods they requested
were mirrors (or perhaps, as some scholars have conjectured, they were
expert mirror-makers). In Exodus 38:8 we read: “The bronze laver,
with its bronze base, was made from the mirrors of the women who
served at the entrance of the meeting tent.”*

The Hebrews invaded and conquered Canaan, renaming it Israel, but
for centuries they were subject to marauding tribes from the east and
west. Throughout their turbulent history, the Jews struggled to main-

*Later, these same women serving at the entry of the meeting tent offered sexual
intercourse to visitors, perhaps as ritual prostitutes alluded to in Genesis.
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tain their identity. They also continued to admire themselves in mirrors,
to the dismay of their prophets. “Because the daughters of Zion are
haughty,” Isaiah stormed, “and walk with necks outstretched, ogling
and mincing as they go, their anklets tinkling at every step, the Lord
will do away with the finery of the anklets, sunbursts, and crescents; the
pendants, bracelets, and veils; the headdresses, bangles, cinctures, per-
fume boxes, and amulets; the signet rings and the nose rings; the court
dresses, wraps, cloaks, and purses; the mirrors.”

When Elihu scolds Job for daring to question God, he says, “Stand
and consider the wondrous works of God! Do you know how God . ..
makes the light shine forth from his clouds? . . . Do you spread out with
him the firmament of the skies, hard as a brazen mirror?” Like many
other ancient peoples, the Hebrews thought that the sky was a literal
dome of heaven, and when this ceiling became as hard as metal, it pre-
vented rain from falling.

Jewish folklore incorporated mirrors into magical thinking, often as
a method of securing love. In Joshua Trachtenberg’s book Jewish Magic
and Superstition, we learn how to arouse passion by writing the name
of the beloved three times on the back of a small mirror before holding
it up in front of two copulating dogs to capture their image. Then, get
your intended to glance into the mirror, exciting her through the magic
power of the sexual act, fixed in the mirror.

Jewish scribes believed that they could improve weak eyes by taking
a break from the scrolls and staring into a mirror. And when a Hebrew
died, mourners would cover his mirrors or turn them to the wall to pro-
tect his soul—trapped in the mirror from reflection during life—from
being carried off by demons or from haunting the household.

Trade, Empires, and Etruscan Art

By 1000 B.C.E., humans were making mirrors all over the world.
Traders such as the Phoenicians and Etruscans sailed the waters of the
Mediterranean and beyond, carrying news, goods, and customs with
them. Many cultures modified the traditional bronze Egyptian mirror
to create their own versions—though most of these were round rather
than elliptical. The Phoenicians’ successful if often amoral trade in
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slaves, mirrors, and other goods declined only gradually as they sur-
vived successive incursions by the Assyrians, Babylonians, and Persians.

The Persian Empire ruled all lands between the Nile and the Indus at
its height under Darius the Great around 500 B.C.E. Nobles from con-
quered nations trekked to Persepolis, the newly created capital city,
with mounds of silver, gold, and jewels for Darius, who sat in purple
robes on his golden throne, surrounded by incredible luxuries, includ-
ing the best bronze and silver mirrors to reflect his accomplishments.*

Many of those mirrors were probably made in northern Italy, where
the Etruscans, who by 600 B.C.E. had grown enormously wealthy
through trade, mining, and agriculture, made exquisite bronze and silver
mirrors, slightly convex, with remarkable line engravings on the back.
Many look as if they could have been drawn by a modern graphic artist.
Although heavily influenced by the Greeks, who were making their own
mirrors by that time, the Etruscans’ art was far freer. Like the Egyptians,
they apparently believed that a happy afterlife required the proper grave
furnishings. In underground tombs cut from the coastal region’s soft vol-
canic stone, the Etruscans re-created the home of the deceased, including
beds, tables, stools, candelabra, gold brooches, earrings—and mirrors,
which served as receptacles for the soul. The Etruscan word for soul,
hinthial, also means “image reflected in a mirror.”

The backs of many Etruscan mirrors depict sexually charged scenes
where partially clothed men and women gossip and flirt. On one, a
nearly nude seated man (a cloth is draped over his legs) embraces a naked
young woman on his lap. To their right, a woman stands and stares at
them. She is also naked, wearing only a pair of sandals and a necklace
with a half-moon pendant. On the couple’s left, a fully clothed girl holds
a mirror and stares into it with a distinctly unhappy expression, perhaps
trying to block out the lovemaking by looking into the mirror (or she
may be holding the reflective surface toward the lovers so they can see
themselves).** The inscription identifies the lovers as Mexio and Fasia.

*Under Xerxes (485-465 B.C.E.), however, the empire began to slip away after
the Greeks defeated the Persians, and Alexander the Great eventually destroyed
it completely in 331 B.C.E.

**“Among the Etruscans,” Greek visitor Theopompus noted around 380 B.C.E.,

“Etruscan slave girls wait on their masters naked. . . . [Etruscans] adore sex and
g

have intercourse sometimes with others watching.”
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The Etruscans also made small, portable mirrors with hinged covers,
quite similar to modern compacts. The inner surface of the cover was
concave and probably used to direct light onto the face, or it may have
been used as a magnifying mirror. The engravings on the cover often
show Dionysus, the god of wine, and Eros, the god of love, with a muse
playing a lyre. Another popular cover depicts Odysseus and Penelope
with the dog Argos. Some show a satyr and maenad dancing, while still
others feature Athene fighting a giant or Hercules vanquishing a lion.
Even heroes needed maternal support, however. One mirror shows the
mighty Hercules sucking from his mother’s breast while shocked atten-
dants look on.

Greek Self-Examination

Like the Etruscans, the Greeks made mirrors primarily of bronze, a craft
they learned from the Minoan culture on Crete. By the time the city-
states emerged around 700 B.C.E., the Greeks had created a pantheon of
gods who dwelled on Mount Olympus and about whom they told won-
derful stories. In some of these myths, mirrors figure prominently.

Consider poor Medusa, one of the gorgeous Gorgon sisters. When
Medusa slept with Poseidon in one of Athene’s temples, the infuriated
goddess changed her into a winged monster with glaring eyes, huge
teeth, a protruding tongue, terrible claws, and hair of hissing serpents.
Anyone who looked directly at her turned to stone. To kill Medusa, the
Greek hero Perseus needed magical aids provided by the still-vengeful
Athene. Most important, Athene lent him her bronze shield, which he
used as a mirror to look at Medusa without being turned to stone. It is
probably a good thing that Athene guided his sword, because eye-hand
coordination in a mirror can be quite difficult.

In another myth, Narcissus, an exceptionally beautiful young man,
frustrated the woodland nymphs and lustful males by remaining aloof.
To punish the disdainful youth, Nemesis made Narcissus understand
what it was like to have an unrequited passion by having him fall in
love with his own unattainable image. When he bent to drink in a still
pool, he saw a beautiful young man whom he took to be a water spirit.
Ovid quotes Narcissus in Metamorphoses:
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But a thin film of water parts us. He is eager

For me to hold him. When my lips go down

To kiss the pool, bis rise, he reaches toward me.

You would think that I could touch him—almost nothing

Keeps us apart. Come out, whoever you are!

But every time he brought his lips near to kiss his beloved or plunged
his arms into the pond for an embrace, the spirit fled. Eventually, Nar-
cissus figured it out. “I know the truth at last. He is myself! I feel it, /
know my image now. I burn with love / Of my own self; I start the fire
I suffer.” Even so, he could not tear himself away from his reflection.
Narcissus pined away and died, turning into a beautiful flower that
droops over as if looking into a pool.

Greek oracles made ample use of mirrors. Ailing Greeks consulted
“an infallible oracle” devoted to the goddess Demeter, as the Greek
writer Pausanias noted. “They [the keepers of the oracle] tie a mirror to
a fine cord and let it down, judging the distance so that it does not sink
deep into the spring, but just far enough to touch the water with its rim.
Then they pray to the goddess and burn incense, after which they look
into the mirror, which shows them the patient either alive or dead.” At
a different oracle, this one for Apollo, “the water shows to him who
looks into the spring all the things he wants to behold.” Yet another or-
acle site featured a wall mirror that reflected the viewer only dimly or
not at all but in which “the actual images of the gods and the throne
can be seen quite clearly”—perhaps an early optical illusion.

Pythagoras, the mystic mathematician who died around 475 B.C.E. a
few years before the birth of Socrates, also reportedly possessed a mag-
ical mirror, which (according to legend) he held up to the moon before
reading the future in it. For Pythagoras, numbers were the soul of the
universe, and abstract math, music, and astronomy were sacred. Per-
haps in his magic mirror he contemplated an orderly universe in which,
he believed, the world progressed by the interaction of contraries, pairs
of mirror-image opposites.

In the dialogues of Socrates, Plato recounted the parable of the cave,
in which he portrayed humans as akin to prisoners chained since birth
in an underground cavern, able to see only projected shadows, which
they take for reality. If suddenly freed to come into the light of day, they
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would be unable to cope with their new reality right away. “At first it
would be easiest to make out shadows,” said Socrates, “and then the
images of men and things reflected in water, and later on the things
themselves.” In like manner, Socrates and Plato asserted that our illu-
sory reality is only the reflection of a greater, abstract Goodness that lies
in a hypothetical upper world beyond the mirrorlike dome of the sky.
Even though he considered this world a mirror-illusion, however,
Socrates urged his followers to study themselves in mirrors in order to
make sure their faces did not reflect dishonorable thoughts or deeds,
apparently assuming that they could monitor their inner reality by their
outer appearance.

Most Greeks didn’t worry about such deep matters. Instead, they
used mirrors to admire themselves and fix their hair, as we see in nu-
merous illustrations on vases, urns, and friezes. Many scenes containing
mirrors show women with their children and husbands, listening to
music or getting dressed. Sometimes the mirror hangs on the wall.
While women are usually shown gazing into handheld mirrors, men,
too, examine themselves. Thus Eros, the god of love, admires himself in
the metal.

Greeks also made mirrors with stands, usually with female “cary-
atid” figures holding up the round reflective disks. In a typical mirror
from the fifth century B.C.E., a woman lifts her gown delicately with her
left hand, apparently about to step into water. In others, the lady has
her hands on her hips, is arranging her hair, holds castanets, or is look-
ing into a tiny mirror. Around the rim, many mirrors featured doves,
flowers, fruits, rabbits, or flying horses—all associated with Aphrodite,
the goddess of love. While female figures predominated as mirror han-
dles in Greece itself, the mirrors made by Greek craftsmen in southern
Italy during the same period featured strong nude men, presumably ath-
letes. Greeks gave valuable mirrors as votive offerings to various gods,
and mirrors were frequently placed in tombs.

“Barbarian” Celts, “Civilized” Romans

To the north of Greece and Italy, the Celtic tribes thrived throughout
France, Germany, and Great Britain. They were, as one Roman writer
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put it, “fair and of ruddy complexion; terrible from the sternness of
their eyes, very quarrelsome, and of great pride and insolence.” The
Celts were fierce warriors whose priests, called Druids, sometimes sac-
rificed humans to their gods—a practice that had been abandoned by
their southern neighbors in favor of animal sacrifice. The Celts were
also skilled metalworkers, making iron swords and, eventually, bronze
mirrors. At first, they imitated the Greek and Etruscan mirrors they re-
ceived in return for salted meats, leather, and textiles. But eventually the
Celts created a distinctive artistic style of intricate whorls and curling
tendrils that decorated their swords, jewelry, and mirror backs. They
revered the human head, which they believed contained the soul after
death (and which accounts for their head-hunting and tendency to
drink out of skulls), and they undoubtedly valued mirrors as magical
repositories of the head’s image.

Attacked by the Celts from the north and the Romans from the south,
the Etruscans gradually lost power, but the Romans survived the Celtic
sacking of Rome around 390 B.C.E. and created an empire that lasted
until 476 C.E. Having observed the Etruscans’ hedonistic lifestyle, the Ro-
mans outdid them in sumptuous feasts, luxurious quarters, and huge
public entertainments, including chariot races and gladiatorial combats.
The Romans were cultural sponges, adopting many of the gods and ways
of conquered peoples such as the Greeks, Etruscans, and Egyptians.

Wealthy Roman women spent amazing amounts of time striving to
be beautiful, partly because beauty was associated with virtue and fer-
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tility. “She must these days use powders, pomades, paints,” observed
Lucian. “Each chambermaid, each slave carries one of the essential ob-
jects for the toilet. One holds a silver basin . . . another a water pot, still
others the mirror.” Each morning, a slave girl brought her mistress a
bowl of scented water to rinse off the night’s facial cream, a mixture of
flour and milk. Then, after brushing her teeth and rinsing her mouth
with a breath sweetener, she soaked in a scented bath before receiving
an oiled massage. Following that, the ornatrix, her dresser, fixed her
elaborate hairdo, perhaps using a calamistrum, a hot iron, to produce
curled ringlets. Often, her hair was dyed or she wore a wig. The orna-
trix applied white powder, then rouge on the cheeks and lips, and black
kohl, the ancient Egyptian favorite, on her eyelids. Finally, the lady
dressed and put on rings, bracelets, necklaces, and other jewelry.
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All the while, of course, she checked herself out in her mirror. The
Roman artisans mass-produced their mirrors, abandoning fine engrav-
ings on the backs for simple concentric circles. They used a hot-tinning
process to give the bronze a hard, silvery-white reflecting surface. Even
poorer Romans and servants usually had some kind of mirror, keeping
a sponge with powdered pumice handy for polishing it, but the aristoc-
racy preferred mirrors of silver.

Roman men, too, were vain, curling their hair in front of a mirror
and worrying about going bald. Large metal mirrors hung along the
walls of the public baths, according to Seneca, who complained: “We
think ourselves poorly off, living like paupers, if the walls [of our baths]
are not ablaze with large and costly mirrors.” The paranoid Emperor
Domitian had his gallery lined with polished reflective stone (probably
white marble or selenite) so that he could see what was happening be-
hind his back.

Many Romans, particularly in the more decadent days of the empire,
took to heart the hedonistic philosophy of the Greek Epicurus, becom-
ing gluttons for food and sex. The insides of some elegant drinking ves-
sels were cut into many-faceted mirrors, so that the imbiber could see
multiple images of himself getting drunk. At banquets, guests reclined
on couches for elaborate meals, surrounded by wall paintings, mosaics,
and sometimes full-length metal mirrors. Perfumed doves might be re-
leased to flutter around the room. After the meal, once the wives and
children had left, some male guests would linger to dally with courte-
sans.

One wealthy, dissipated Roman named Hostius Quadra took the art
of the orgy to an extreme, installing large concave metal mirrors in his
chambers so that they enlarged whatever they reflected. The repulsed
Seneca voyeuristically described the scene:

He was vile in relation not to one sex alone but lusted after men as well
as women. He had mirrors made . .. in which a finger exceeded the size
and thickness of an arm. These, moreover, he so arranged that when he
was offering himself to a man he might see in a mirror all the movements
of his stallion behind him and then take delight in the false size of his
partner’s very member. . . . Mirrors faced him on all sides in order that he

might be a spectator of his own shame. ... And, because he could not
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watch so attentively when his head dipped in and clung to his partner’s

private parts, he displayed his own doings to himself through reflection.

“Sometimes shared between a man and a woman, and with his whole
body spread in position for submitting to them, he used to watch the
unspeakable acts,” Seneca continued, adding that “no night is deep
enough to conceal” the acts that the author had just revealed in such
loving detail.

It is possible that Hostius and his magnifying mirrors were a figment
of Seneca’s pornographic imagination, but there is no question that other
Romans also connected mirrors and sex. The fourth-century poet Clau-
dian pictured Venus readying herself for a meeting with Cupid in a cham-
ber covered with mirrors, “so that whichever way her eyes turned, she
could see her own image”—and, presumably, their subsequent coupling
as well. If other Mediterranean peoples had employed mirrors to reflect
on the soul, for Romans they mainly provided reflections of the self.

While these large erotic mirrors were made of metal, the Romans
also learned to produce small glass mirrors. Around 100 B.C.E., Syrian
craftsmen near Sidon discovered that they could dip a long, hollow
metal tube into a batch of molten glass, retrieve a glob on the end, and
blow it into shape. Elegantly shaped hollowware now became relatively
quick and easy to make, and mass production became possible by
blowing glass into molds. Within the well-organized Roman Empire,
this revolutionary new method spread quickly. Glass plates, bottles,
cups, mosaics, and fake jewelry flooded the market. “Sidon was once
renowned for its glass factories,” Pliny the Elder observed.* “Glass
mirrors, among other things, were invented there.”

These small convex pocket mirrors were produced by blowing a thin
glass sphere, then pouring hot lead into it to coat the inside. When bro-
ken and cut, these made adequate mirrors for household use or magical
amulets, and they have been found in graves all over the Roman Em-
pire. Because Roman glass was generally discolored, wavy, and full of
bubbles and lines, the mirrors were far from perfect, but the thin glass
compensated for these faults to produce a relatively good reflection.

*A workaholic with an encyclopedic curiosity, Pliny died of asphyxiation while
investigating the eruption of Vesuvius in 79 C.E.
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With the fall of the Roman Empire, the art of convex mirror-making
apparently went into decline throughout most of Europe until the
twelfth century, though the art was apparently kept alive in Near East-
ern countries. Mirrors made of silver and bronze, which predominated
among the nobility, were too expensive for peasants. For the next few
centuries, mirrors in the Western world, as well as those in Asia and the
Western Hemisphere, would remain essentially the same—usually made
of metal or stone, and used primarily by the elite because of their ex-
pense and difficult production.

Cosmic Mirrors of the Orient

To the east, ancient mirrors were occasionally connected with sex, but
usually they were more concerned with everyday functions, religious
symbolism, or magic. In the Indus Valley, citizens of Moenjodaro and
Harappa admired their elaborate headdresses in copper and bronze
mirrors with simple handles, though the archaeologist Stuart Piggott
complains that the people suffered from “standardization and an al-
most puritanical utilitarianism.”

The same cannot be said of an ornate silver mirror, dating from
around 700 B.C.E., found in Kazakhstan. Engravings on its gold-molded
back show a lion biting the back of an ox, heroes attacking a winged
griffin, and other scenes from nature and mythology. This round mirror,
with two holed knobs on the back for strings, was created by the no-
madic Scythians who roamed the steppes, part of the Indo-European
hoards who periodically invaded India, China, and the Mediterranean.
In another burial tumulus, at nearby Issyk, the so-called Man of Gold
warrior was buried with an elaborate tunic with more than 9,000 gold
plaques depicting snow leopards, tiger heads, deer, trees, and moun-
tains, along with a small bag containing a mirror, perhaps to ensure
that his soul passed unharmed into the next world. The Scythians were
probably influenced by Siberian tribes to the north, who had been mak-
ing round, slightly convex bronze mirrors since 1500 B.C.E.

The earliest mention of a Chinese mirror, from 673 B.C.E., refers to a
“girdle mirror of the queen’s”—an indication that women carried toilet
mirrors even then. These early mirrors may have derived from the
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Siberians or Scythians. But it was only during the period of the Warring
States (475-221 B.C.E.) and the subsequent Han Dynasty (206
B.C.E.—200 C.E.) that the Chinese really mastered mirror-making—a
mastery that would last for some 2,000 years.

The earliest Chinese mirrors may have been polished jade, followed
by iron, then bronze. The first bronze mirrors were extremely thin
and delicate, becoming thicker and more durable with time, and were
almost all round, with a single pierced knob on the back through
which a silk cord or ribbon could be run. The Chinese also made
stands to hold these round mirrors on dressing tables. Even the earli-
est examples are remarkable works of art, cast in clay molds (later
using the lost wax method), smoothed with chisels and scrapers, and
then brilliantly polished with xuanxi, a mixture of tin, mercury, alum,
and deerhorn ash. Chinese emperors and nobility could admire them-
selves and adjust their elaborate headdresses in convex surfaces that
allowed them to see their entire head even with a mirror as small as 2
inches across.

“In making these mirrors,” one ancient commentator asserted, “[the
craftsmen]| put into them the vital essence of creation, therein following
the fundamental principles of the universe so that they compare in bril-
liancy with the sun and moon, and communicate the will of the gods,
thus defending us from evil spirits, and curing our diseases.” The Chi-
nese often gave mirrors as gifts on special occasions, and their posses-
sion was considered essential to ensure the Chinese ruler’s access to an-
cestral wisdom.

The circular mirrors were emblematic of the universe, which was
thought to be round, like a parasol-sky. A few mirrors were square, as
the earth was supposed to be, but more often a square was cast on the
back inside the round universe-mirror. These mirror backs were exquis-
itely decorated with dragons, phoenixes, plants, flowers, fruits, insects,
and birds, but they were also symbolic of the complementary male and
female principles of yin and yang and the Four Spirits, which ruled over
time and space. One mirror-maker inscribed: “Commanding the four
directions are the [Blue] Dragon at left and [White] Tiger at right. The
Red Bird and the Dark Warrior are in tune with the forces of yin and
yang.” Because they represented the totality of existence, these were
called “cosmic mirrors.”
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The round mirrors were also emblematic of the glorious sun and the
luminous moon. “Its inner purity is shown in perfect illumination,”
wrote one mirrorsmith on his product. “Its light is the image of the sun
and moon.” A Chinese poet described one mirror: “On the front it
emits a light as of four jewels. / Seen from a distance it might be taken
for a suspended moon.” Many such mirrors were decorated with sun-
burst patterns on the back. Well before the Christian era, the Chinese
had learned to make concave burning mirrors called yang-suei that
could, as one early text put it, “draw fire from the sun.” The casting of
such sacred mirrors, to light sacrificial fires, had to be done at midnight
on the solstice.

Like the Greeks, the Chinese had a vast array of mythological figures,
which appeared on the backs of their mirrors. On one such mirror, for in-
stance, Hou-i, the divine archer, received the pill of life from Hsi-wang-
mu, the Queen Mother of the West, and then brought it down to earth.
Like Hercules and Gilgamesh, Hou-i was famed for his heroic deeds,
such as battling the Speckled Serpent, the Great Boar, and the Celestial
Wolf. These myths explained various astronomical phenomena and nat-
ural cycles and were all subjects for the mirrorsmith. “If you carry this
mirror,” one inscription reads, “you will see the great divinities.”

The Chinese inscriptions illustrate universal human aspirations for
happiness, wisdom, prosperity, health, and longevity. “May you see the

'”

light of the sun, and live in endless joy!” one exuberant mirror proclaims.
“May you enjoy lasting fortune. May you enjoy wine and food. May you
enjoy freedom from worry,” reads a Han mirror from 113 B.C.E.

Many fine Chinese mirrors were interred with their owners at death,
presumably to give light to the dead. Several hundred iron mirrors
were entombed with the Prince of Wei in 295 B.C.E. In another Chinese
tomb, the corpse’s head was equipped with a wooden box covered
with metal mirrors on the inside. Hu hsi ching, “heart-protecting mir-
rors,” were often placed on the dead person’s chest. Unlike the Egyp-
tians and Etruscans, the Chinese did not usually try to recreate life
conditions in the tomb but believed that because the soul wandered
the earth after death, innumerable spirits and demons had to be pro-
pitiated in various rituals.

Other mirrors were not buried but were passed on for generations, as
some inscriptions indicate: “May [the mirror be] cherished by your sons
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and grandsons for a long time.” Others were intentionally broken in
two, so that a husband and wife could each keep half, symbolizing their
love and faithfulness even when apart. They could rejoin the pieces
when reunited to see themselves as one. In some tombs, the husband
and wife were each buried with a mirror half. “Looking at the light of
the sun [in the mirror], let us forever not forget one another,” an in-
scription reads. Another tender message says, “The autumn wind rises;
my mind is sad, for long I have not seen you.”

Other huge, probably mythological mirrors called chau-ku-pau (or
“the precious mirror that would illuminate the bones of the body”)
were supposed to allow people to see their interior organs and thus
somehow cleanse their innards. One such mirror, kept in a grotto in a
cliff face, was reputed to be more than 10 feet square and could reflect
the “five viscera” of a human being. Some otherwise normal Chinese
mirrors appear to make similar claims. “This mirror’s light shows the
man inside,” says one. Another, which purports to reveal the gallblad-
der, also claimed to “fathom the hidden and the subtle. Its clarity and
luster put the pearl to shame, and the moon to pale.”

Still other magical mirrors, called t’ou kuang chien, cast a reflection
that showed the image on the back, as if the light had penetrated the
metal. This effect was an artifact of the polishing technique, which
caused imperceptible irregularities on the mirror surface that corre-
sponded to the raised pictures on the back. Such magic mirrors were so
strong that one lover’s inscription assured his beloved: “In no way
would I use it to unveil your hidden desires. Verily, I only wish to lay
bare my own heart.” Or perhaps the mirrors were magical only because
they saw everything as it was: “The bright mirror, which reflects the fig-
ure, knows people’s feelings,” one inscription reads.

Some mirrorsmiths turned their inscriptions into a form of advertise-
ment. “A fine mirror it is, my making of it!” boasted one such inscription
around 20 C.E. “I can show the ageless immortals up above.” Another
explained that he used the best metals: “Good copper is being mined at
Danyang. Mixed with silver and tin, the alloy is clear and bright.” Sev-
eral fine craftsmen even named themselves: “Mr. Tu has made a precious
and marvelous mirror; there has never been such a one in the world.”

During difficult times, such as the last decades of the Han period,
when rebellion and warfare engulfed the country, mirrors were more
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popular than ever, and not just for the elite. The masses demanded mir-
rors with supernatural protective powers, even if the workmanship was
often shoddy. A mirror worn on the back was thought to defend against
evil demons, which would become visible when their image was re-
flected in a mirror. Chinese soldiers wore them on their breasts going
into battle. When a person was near death, his empty coat with a mir-
ror on it was sometimes hung on a fresh bamboo branch and carried
around in the hope of enticing the departing soul to reenter the mirror
and thus save the patient’s life. Even when mirrors broke, they were
thought to be magical, so they were often ground up and ingested with
more palatable fare as medicine.

The Japanese initially imported Chinese mirrors, perhaps as early
as 250 B.C.E. In 238 C.E., in a formal exchange of gifts, the Chinese
emperor Ming-Ti gave silks, gold, pearls, and 100 bronze mirrors to
the Japanese empress Miyako. Eventually, however, the Japanese
craftsmen formed an honored guild and learned to make their own, in-
cluding magic mirrors, retaining the Chinese circular pattern with a
pierced knob in the back. They created their own style of decoration,
however, sometimes attaching little bells to the outside rim. Some of
the mirrors, up to 3 feet in diameter, were much larger than their Chi-
nese cousins.

Many Japanese mirrors were dedicated to the Shinto sun goddess,
Amaterasu-Omikami, the Heaven-Shining-Great-Deity. Amaterasu was
once so outraged by the behavior of the ruler of the Nether World that
she retired to the Rock Cave of Heaven, casting the earth into darkness.
The other gods tried to lure her out by dancing, lighting fires, and recit-
ing liturgies, but nothing worked. Finally, they made a mirror of metal
taken from the sacred mountain and told her that it was “spotless and
indescribably beautiful, as though it were thine own august person.
Pray open the cave door and behold it.” When she did and paused to
admire herself, the gods grabbed her and led her out of the cave.

Later, when Amaterasu sent her grandson down to Japan, the Cradle
of the Sun, she gave him the mirror, telling him to “reverence it as if
reverencing us and rule the country with a pure luster such as radiates
from its surface.” And so such a mirror was kept in the sanctuary in the
Imperial Palace in Edo (now Tokyo) until it was removed to a shrine at
Ise, where it remains to this day.
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By the seventeenth century Japanese mirrors had become more sec-
ular. Popular prints depicted prostitutes and actors using metal mirrors
to apply makeup before they performed, in one way or the other.
Mothers gave marriage mirrors to their daughters, usually depicting a
pair of faithful cranes, a tortoise, pine, and bamboo, all symbols of
long life and happiness. These mirrors became valued heirlooms that
held ancestral spirits with whom the owner could supposedly com-
mune. Men and women wore small mirrors on their sleeves in order to
check their looks, and some mirrors had handles. As in many other
cultures, the Japanese mirror was often associated with women. An old
saying went: “The mirror is the soul of a woman just as the sword is
the soul of the samurai.”

Peruvian Sun-Catchers

In the Americas, mirrors were created by the descendants of those who
crossed the land bridge during the last ice ages or, as some have argued,
floated across the sea. While nomadic tribes spread throughout the hemi-
sphere, two areas produced a series of high civilizations: the Mexican-
Guatemalan complex, known as Mesoamerica, and the Peruvian Andes.
Both American cultures produced magical mirrors that were central to
their belief systems. “It is plain,” writes the anthropologist Nicholas
Saunders, “that for many Central and South American Amerindians the
reflected image stands for the soul or essence of the person who looks
into the mirror.” In addition, Saunders believes that such mirrors al-
lowed shamans to connect with “parallel spirit worlds.”*

Oddly, even though both peoples became master metallurgists,
Amerindian mirrors were primarily made of stone for most of the pre-
Columbian era. Many were of pyrite (known commonly as fool’s gold,
a metallic sulfide with a flat crystalline surface), others of hematite or
magnetite (forms of iron ore), anthracite (a form of hard coal), mica (an
aluminum silicate that forms in thin reflective sheets), obsidian, or

* Although most ancient mirrors in the Western Hemisphere were found in Cen-
tral or South America, there were also slate and iron-ore mirrors in use by North
American tribes.
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slate.” Because such rocks are more fragile than metal, only a few have
survived.

The earliest American mirrors archaeologists have discovered are
“jet mirrors” of anthracite dating from around 1500 B.C.E., found in
the Peruvian highlands and coast. We have only fragments, each with
one side polished, but it appears that they were both square and circu-
lar, ranging up to 5 inches.

The rugged Peruvian landscape yielded a variety of mysterious civi-
lizations, ultimately dominated by the Inca by the time the Spanish ar-
rived in the early sixteenth century. Because none produced written
records, we can only guess at their way of life from the archaeological
record. The Chavin civilization, whose artifacts often feature a fero-
cious jaguar, thrived from 850 B.C.E. to 300 B.C.E. before inexplicably
disappearing. They produced numerous anthracite jet mirrors, most
now in pieces. We do have one highly polished Chavin-era mirror of
hematite, however, nearly 3 inches round, with two hand-drilled holes,
presumably for a cord to hang around the neck.

The Moche people maintained an empire in the northern Peruvian
coastal desert between 200 B.C.E. and 800 C.E., building cities and a
huge brick pyramid to the sun called Huaca del Sol in the Moche Val-
ley. Several Moche pyrite mirrors have survived, set into wooden
frames with handles. The carved back of one round mirror shows a
round-eyed face surmounted by a hat with a cat’s head in the front. A
square mirror, probably made around 1 C.E., has a copper frame and
handle with twenty separate birds perched around the mirror’s edges.
The reflective surface is a mosaic of straight-edged pyrite pieces care-
fully fitted together like a puzzle.

Although the Moche mirrors may have been reserved for ritual or reli-
gious purposes, it is quite likely that they also saw daily use, even though
the mosaic reflections would have been imperfect. From the paintings on
the prodigious amount of Moche pottery that has survived, we know that
the women bobbed their hair, plucked their eyebrows, rouged their
cheeks, painted their lips, and applied mascara, so they presumably ap-

*The Mesoamericans may have used liquid mercury mirrors as well, as gourds
containing mercury have been found in ancient grave sites in Mexico,
Guatemala, and Honduras.
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preciated mirrors. The men wore face paint along with elaborate cos-
tumes and headdresses. The Moche also created erotic pottery, depicting
every conceivable form of sexual intercourse, including threesomes. There
is no evidence, however, that they, like their Roman contemporary
Hostius Quadra, admired their sexual prowess in their mirrors.

The sparse archaeological record in Peru suggests that each civiliza-
tion probably made similar stone mirrors. The Huari people in the
southern highlands, for instance, produced a lovely round pyrite mirror
framed with blue polished stone with a trapezoidal handle that can stand
on its own. Two cats look at the observer from the top of the frame. The
Chimu, whose kingdom reached its peak in the fifteenth century before
falling to the Inca, also made ornate wooden frames for handheld mir-
rors. One features a husband and wife holding hands, standing atop the
round mirror—just as they presumably appeared within it.

By the time of the sun-worshipping Inca, who thrived from 1200 C.E.
until 1532 C.E., many mirrors were still made of pyrite, but they were
also sometimes made of copper, bronze, silver, or tumbaga, an alloy of
gold and copper. In 1526, when Francisco Pizzaro sent his pilot, Bar-
tolomé Ruiz, from Colombia to explore the southern coast, Ruiz seized
a flat-bottomed Inca log boat loaded with trade items, including silver-
framed stone mirrors.

The Inca created vast stone public works and food storehouses, prac-
ticed sporadic human sacrifice, and instituted a hierarchical system in
which hair length denoted social status—the shorter, the better. Also,
the bigger the ear lobe and its ornament, the higher the status.

Garcilaso de la Vega (1539-1616), a mestizo (mixed-blood) whose
mother was an Inca princess, wrote a fascinating two-volume history of
Peru in which he explained that “they worked with instruments of cop-
per and brass mixed together” while creating gorgeous golden objects
in imitation of plants, animals, and gods. Yet the Inca never invented
scissors, and they used thorns as combs. “The mirrors used by the
women of the blood royal were of highly polished silver,” de la Vega
observed, “the ordinary ones of brass.”

He asserted that “the men never looked in a mirror—they held it as
shameful and effeminate.” Given their evident vanity and resplendent
dress, however, Inca men surely sneaked glances in mirrors—indeed, on
their left wrists they wore bracelets called chipanas with small concave



24 MIRROR MIRROR

mirrors attached for starting fires. De la Vega quoted a young Inca boy
as saying, “If the Spaniards, your fathers, had done no more than bring
us scissors, mirrors [presumably European glass backed with tin], and
combs, we would have given them all the gold and silver we had in our
land.”

During the great feast of the sun, a priest started the sacrificial fire
with a large polished mirror, “a highly burnished concave bowl like a
half orange,” de la Vega wrote. “It was placed against the sun and at
a certain point where the rays reflected from the bowl came together,
they placed a piece of well-carded cotton, [which] was quickly fired.”
Such a bronze concave mirror was found at Machu Picchu, the sacred
mountain-shrouded Incan city.

Aztec Smoking Mirrors

Far to the north, the Olmec civilization—the forerunner of the Maya,
Zapotec, Mixtec, Toltec, and Aztec—thrived in the coastal plains near
the Gulf of Mexico from 1800 B.C.E. to 200 B.C.E. All of these
Mesoamerican civilizations shared certain characteristics, including
human sacrifice, cultic ball games, stepped pyramids, hieroglyphic writ-
ing, and stone mirrors.

In Olmec myth, kings descended from offspring of a jaguar-human
mating. One of their sculptures shows a jaguar being with a mirror
chest pendant, copulating with a human woman.* The Olmecs made
pyrite and obsidian mirrors in San Lorenzo, their first capital, located in
southern Veracruz. These were used (among more mundane functions)
as ritual portals to another world seen in visions, probably aided by eat-
ing hallucinogens made from a local toad’s flesh.

“The Olmecs lived in a world of spirits and invisible masters,” wrote
Muriel Porter Weaver in her classic text The Aztecs, Maya, and Their
Predecessors. “When hunting, fishing, and planting, the Olmec de-

*The jaguar, a dominant predator, was chosen as an object of worship and iden-
tification with shamans, but other mysterious creatures of the night were also as-
sociated with mirrors. In an ancient Panamanian burial site, for instance, there
was a gold mirror frame in the form of a bat god that originally had a pyrite mir-
ror set in its chest.
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stroyed something of nature, and this disruption had to be compensated
through ritual and offerings.” Those offerings frequently included
human sacrifices to the jaguar fire-god who created the sun. The
shaman-rulers probably identified themselves with the predatory jaguar
with its mirrorlike eyes. Behind a cat’s retina is a light-reflecting layer of
cells made of zinc and protein called the tapetum lucidum, which acts
as a mirror, reflecting light back to the retinal cells. That is why they
can see so well at night and why their eyes reflect an unearthly glow.

)

“As jaguars see with their naturally mirrored eyes,” writes Nicholas
Saunders, “so shamans see with the aid of mirrors.”

The Olmecs’ cultural base shifted to La Venta, a small, swampy is-
land near the Gulf of Mexico, from 900 B.C.E. to 400 B.C.E. There they
created concave mirrors of magnetite, ilemite, and hematite, up to 10
centimeters in diameter, pierced with two holes for hanging around the
neck. “No verbal description can convey the remarkable technical and
artistic quality of the La Venta mirrors,” wrote the archaeologist Jonas
Gullberg, who first examined them upon their discovery in 1955. The
mirrors are not simply concave but nearly paraboloid, focusing sunlight
efficiently. Though nearly three millennia old, some are still so well pol-
ished that they can start fires, and they also reflect enlarged faces like a
modern makeup mirror. “They have a gracefulness, dignity, and perfec-
tion that makes it hard to think of them as incidental or even only or-
namental,” Gullberg observed.

Little female clay figurines found at La Venta have tiny pieces of pol-
ished hematite hanging around their necks. “The impressiveness of [one
such] figure lies in its realism,” wrote the archaeologist Philip Drucker,
who worked with Gullberg, “of which the delicately captured smile is
but one feature. One is struck by the thought that it must be a portrait,
carved by a master craftsman.” These mirrors were probably worn by
shamans, priests, or the noble elite, and they may have been used, as the
archaeologist Gordon Ekholm put it, “to reflect the rays of the sun in a
darkened room for divinatory purposes.” They may have also been
used for self-examination.

But the most likely use was for the Promethean task of lighting sa-
cred fires. “I repeatedly made fire in pieces of dry, rotted wood at a time
of between twenty and thirty seconds,” Ekholm wrote about one such
ancient mirror. “Thus the making of fire could have been the primary
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use of these mirrors, and what could have been more magical or won-
derful than to take fire from the sun!”

The fire sun-god of the Olmecs became God K, or the Flare God, of
the Maya, with a forehead mirror punctured by a smoking torch or
cigar. The Highland Maya interred their royal dead along with their re-
tainers—men, women, and children all sacrificed for mass burial—and
lavish offerings of pottery, jade, obsidian, and pyrite mirrors. Many
such mirrors, sometimes more than a foot in diameter, were made of
mosaic pieces, carefully crafted to create one reflective surface, which
was glued onto a slate or elaborately carved wooden back.

In addition to those carried on the chest or headdress, many Mayan
mirrors were worn at the small of the back, with the reflective surface
facing out. No one is sure why, but it is likely that the Mayans, like the
Chinese, thought the mirrors could ward off unseen evil spirits or pro-
tect their backs during warfare.

The anthropologist Karl Taube points out that Mayan mirrors were
associated with numerous symbols, such as the sun, human eyes or
faces, flowers, butterflies, fire, pools of water, spider webs, shields,
caves, or passageways—all emblematic of communication with the su-
pernatural world where the priests sought answers to the most vital
questions. “These ancient mirrors expressed a rich body of esoteric
lore,” Taube writes, “much of it still present among ... contemporary
peoples of Mesoamerica,” particularly the Huichol tribe. In addition,
circular mirrors sometimes appear on the abdomens of figures as the
earth’s navel, symbolic of life and its mysterious connections.

Their vase paintings indicate how important mirrors were to the
Mayans. Rulers are frequently shown sitting cross-legged and staring
into mirrors, often held by assistants or dwarves. Sometimes they are
clearly examining their appearance, as in one picture where a mirror is
used so that a ruler can see how the painted decoration on his back is
progressing. In others, men dance with mirrors or gaze intently into
them, sometimes while smoking a drug through a tube.

The Toltecs and Aztecs worshipped the god Tezcatlipoca, whose
name means “Smoking Mirror” and who had a mirror instead of a
right foot. This dark god thrived in the village culture before the arrival
of the Aztecs, according to Cottie Burland and Werner Forman, authors
of the chilling history Feathered Serpent, Smoking Mirror. “In the
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twelfth and thirteenth centuries, the whole of Mexico was made up of
small groupings of tribal societies. . . . The temple priests continued to
feed the gods with human sacrifice. Most of the hearts torn from the
breasts of the victims were offered to the great Smoking Mirror.”

The Aztecs, whose brief ascendancy began in 1325, brought such
sacrificial worship to its apex. Their priests—painted from head to toe
with a black ointment—fell into possibly drug-induced trances while
gazing into black obsidian mirrors, seeing pictures that revealed the fu-
ture and the will of the gods. That future was uncertain, because it pre-
dicted the return of Quetzalcoatl, the bird-lord of healing and magical
herbs, who would one day come back to overthrow Tezcatlipoca and
the Aztec ruler.*

When Hernando Cortez arrived in 1519, he was taken to be the re-
turning god, partly because he wore flashing, reflecting spectacles that
made magic mirrors of his eyes, just as the god Tezcatlipoca’s skull-like
mask featured convex pyrite eyes. One of Cortez’s men later described
a huge figure of Tezcatlipoca as having a “countenance like a bear, and
great shining eyes of the polished substance [obsidian] whereof their
mirrors were made.”

Among the treasures Cortez sent back to the king of Spain that year
were “a mirror placed in a piece of blue and red stone mosaic-work,
with a feather stuck to it ..., a mirror with two faces; a mirror with a
figure of guastica; . ..a round mirror like the sun; a mirror with the
head of a lion; a mirror with the figure of an owl.”

Even after the Spanish conquest, mirrors remained important in
Mexico, with many obsidian and glass mirrors incorporated into
Catholic Church decoration there, as in Peru, where visitors to Cuzco
can enter Santa Clara’s church (construction began in 1558) and see
tiny mosaic mirrors reflecting light everywhere. Neither did their magi-
cal properties entirely disappear from Latin America. A folklorist visit-
ing Mexico in 1883 noted that special mirrors had “the power of re-
flecting the past and future. ... There is scarcely a village in Yucatan
without one of these wondrous stones.”

*According to myth, Quetzalcoatl originally fled because Tezcatlipoca held a
mirror up to him. Horrified that he had a human face and therefore a human des-
tiny, Quetzalcoatl got drunk, fornicated with his sister, then fled in shame.






Chapter 2

MAGIC VISIONS

Therefore have I brought it to the window of thy senses, and
doors of thy imagination.

THE ANGEL URIEL SPEAKING TO JOHN DEE
FROM THE SHEWSTONE, APRIL 6, 1583

Do not infest your mind with beating on
The strangeness of this business.

PROSPERO, IN THE TEMPEST,
BY WILLIAM SHAKESPEARE, CA. I611

Yy THE TIME CORTEZ, wearing his shiny spectacles, was

mistaken for a returning god by the Aztecs, mirrors were reflecting
human faces around the world. Even more remarkably, they were uni-
versally connected with religious practices and attempts to delve into
the mysteries of life, including magical divination in dark reflective sur-
faces.

One of the Aztec mirrors sent back to Europe ended up in the pos-
session of Dr. John Dee, a renowned scholar, mathematician, philoso-
pher, and adviser to Queen Elizabeth 1. His “Shew-stones,” as he called
his polished obsidian mirror and magic crystal balls, were to lead him
into a search for the ultimate truths of the universe. His story, told at
the end of this chapter, provides a fitting culmination of several millen-
nia of human interaction with mirrors and marks a crucial moment in
history, when magic and science, which had existed in uneasy alliance
within the mirror frame, split from one another. In this chapter, we will
explore religion and the occult; in the next, science.
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Demon-Haunted Worlds, Sacred Metaphors

Beginning in terror and evolving toward wisdom in an effort to explain
the world and give it meaning, shamans and theologians looked to mir-
rors. Every human culture has valued supposedly powerful objects—es-
pecially mirrors, crystals, and other reflective talismans—to control evil
and preserve the soul. The Chinese believed that demons avoided mir-
rors because they would be made visible in them. The Aztecs also used
mirrorlike surfaces to ward off evil spirits, placing a bowl of water with
a knife in it at the entrance to their homes, so that a spirit looking into
the water would see its soul pierced by the knife and flee.

But mirrors could also be frightening because of their power to cap-
ture an image. People feared that their souls might stray into the reflec-
tive surface and never come out. Thus, some cultures believed that cov-
ering a mirror in the house where someone had died prevented the soul
of the living from being carried off by the ghost of the deceased.

According to James Frazer in The Golden Bough, the fear of souls
being captured in mirrors was widespread: “It was a maxim both in an-
cient India and ancient Greece not to look at one’s reflection in water,
and . .. the Greeks regarded it as an omen of death if a man dreamed of
seeing himself so reflected. They feared that the water-spirits would drag
the person’s reflection or soul under water, leaving him soulless to per-
ish.” Similar beliefs explained why a sick person should avoid looking
into a mirror for fear that the loosely held soul would take flight into it.
Infant souls were particularly susceptible to harm, so folklore warned
parents to keep children under a year of age away from mirrors.

Because mirrors were so powerful that they could capture souls,
breaking them was thought to bring bad luck in numerous cultures. In
China, for instance, it meant that the owner would lose his best friend.
The Romans believed that breaking a mirror would cause seven years’
bad luck (they thought a person’s health changed in seven-year cycles).
wrote Wallis Budge in Amulets and Talis-

b

“Among some peoples,’
mans, “the belief is common that ‘the little man of the eye,’ i.e. the fig-
ure seen in the pupil of the eye, can leave a man and enter another per-
son and do harm. ... Of all the things which have driven man in all
ages to invent and to use magic, the most potent is the ‘Evil Eye.”” Ac-
cording to Plutarch, who wrote around 100 C.E., it was possible for
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people to injure themselves by staring into a mirror. For similar reasons,
the only way to destroy the mythical basilisk—whose gaze killed—was
to hold a mirror up to it. A witch’s eye, on the other hand, reputedly did
not reflect a beholder’s image.

Such fears and superstitions may have been the original religious
impetus, but man also has an innate sense of the sacred, a feeling that
life’s meaning consists of more than brutish survival. The great reli-
gions and their founders sought to lift humans out of their myopic rut
into a perception of the universal and divine, frequently using mirrors
as metaphors. In a Hindu parable, for instance, two seekers hear, “He
who has known the Self and understood It obtains all the worlds and

b

all desires,” so they look for the Self in a pan of water. The reflection
they find there is the mutable self, though, not the universal Self they
seek.

Some Buddhist mirror parables are humorous. A prostitute de-
manded money from a young man who told her that he had “diverted,
enjoyed, and amused” himself with her in a dream the previous night.
The wise Buddha figure ruled: “The fee should be paid by the mer-
chant’s son ... in just the same fashion as he consorted with her.” He
had the young man place the money in front of a mirror and told the
woman to take her payment from the mirror. This story was a popular
way to teach the Buddhist notion of illusory reality.

Chinese philosopher Hua-yen taught that each element of the uni-
verse, from a grain of sand to the sun, contained within itself every
other element. The concept puzzled most people until teacher Fa-tsing
set up a demonstration around 700 A.D. He placed a brilliantly illumi-
nated statue of Buddha in the center of ten bronze mirrors, arranged so
that viewers saw an infinity of reflected Buddhas in each mirror, reced-
ing until they were too tiny to perceive.

Taoists sought to adjust to the natural as well as the supernatural
world. “The still mind of the sage,” the Tao Te Ching states, “is the
mirror of heaven and earth.” For one of its sects, Feng Shui, a life force
called chi had to be directed properly for good health and happiness.
Mirrors played a vital part in reflecting chi in the right path and de-
flecting harmful energy.

Because light was sacred to Zoroastrians, mirrors appeared in their
art, architecture, and writings to represent self-reflection and divine
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knowledge. During Noruz, the celebration of the Iranian new year at
the spring equinox, mirrors still play a major role.

The Jewish mystic Solomon Ibn Gabirol spoke of “the souls, close
packed, / Peering in mirrors, [who] hope these may reflect / God’s image
glimpsed,” and Christian mystic Meister Eckhart wrote: “The soul con-
templates itself in the mirror of Divinity. God Himself is the mirror,
which He conceals from whom He will, and uncovers to whom He
will. . .. The more the soul is able to transcend all words, the more it
approaches the mirror.” Muhyi ’d-Din ibn ’Arabi, a Mohammedan,
wrote of man’s resemblance to God, and vice-versa: “God is the mirror
in which thou seest thyself, and thou art His mirror in which He con-
templates His names.”

As translated in the King James Bible, Saint Paul wrote: “For now we
see through a glass, darkly; but then face to face: now I know in part;
but then shall I know even as also I am known” (I Corinthians
13:11-12). But the Elizabethan “glass” is misleading. What Paul actu-
ally meant was: “Now we see indistinctly, as in a mirror; then we shall
see face to face.” Referring to poor-quality mirrors of metal, he meant
that our view of the world (and of ourselves) is flawed in comparison
with the overwhelming knowledge and love of God.

The Mayan creation myth in the Popol Vuh eerily echoes St. Paul’s
image of a poorly reflecting mirror in which humans see reality only
dimly. The four earliest humans were all-wise and all-seeing, which
alarmed the gods. “What should we do with them now?” one asked.
“Their vision should at least reach nearby, they should at least see a
small part of the face of the earth.” Another suggested, “We’ll take
them apart, just a little, that’s what they need.” So that’s what the gods
did to the four ancestors: “They were blinded as the face of a mirror is
breathed upon. Their vision flickered. Now it was only when they
looked nearby that things were clear.”

Striving to See More

The Mayan tale of the fall of man echoes the Garden of Eden story in
Genesis, as well as myths from many other cultures. Humans suffer an
apparently universal feeling of loss and longing, a sense that once, in a
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distant past, we were wiser, more peaceful, longer-lived. We were more
like gods. But we somehow lost our way. To become seers again—the
word literally means “those who see”—visionaries resorted to magic
mirrors. In Europe, this ancient practice was called scrying, from de-
scry, “to see something difficult to make out.” Scryers peered into dark
mirrors to see what ordinary mortals could not.

Actually, scryers stared into reflective surfaces of all kinds—bowls of
water, ink, oil, mirrors, crystals, swords, fingernails, bones, even fresh
animal livers. Catoptromancy is the official term for divination in mir-
rors. By staring fixedly in the mirror or other bright object, the mediums
put themselves into a kind of trance in which they could see the past,
present, and future. Through these visions—which frequently included
an auditory component as well—they tried to bridge the gap between
their limited knowledge and the wisdom available to their ancestors.

Not everyone had the innate ability to scry. Children around the age
of seven or eight were likely subjects, as were pure-of-heart virgins. So
were imaginative men so highly strung that they trod a tortuous course
between sanity and madness. The scryer frequently had to pray, fast,
and abstain from sexual intercourse before attempting to look into the
magic mirror. Elaborate incantations, drawings of magic circles and
hexagrams, candlelight, and special treatment of the mirror helped to
create a heightened atmosphere of tense expectation.

The historical and geographical extent of scrying is astonishing. The
ancient Egyptians, the Sumerians, the Hebrews, and the ancient Chinese
practiced scrying. Prepubescent Vedic Indian girls could see the future in
a mirror or spoonful of water. The Persian Magi—from whom the word
magic derives—used magic mirrors. The tenth-century Persian poet Fir-
dausi described a scrying session in “the cup that mirroreth the world”:

He took up the cup, and gazed.

He saw the seven climes reflected there,

And every act and presage of high heaven. . . .
In that cup the wizard-king

Was wont to see futurity.

Greeks and Romans peered into magic mirrors, crystals, and waters
to gain supernatural knowledge. Roman scryers were called specularii,
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after speculum, the Latin Word for “mirror.” Both stem from specere,
“to look,” as (appropriately) does speculation. So, too, the Aztecs and
Incas sought enlightenment from their stone mirrors, and archaeologi-
cal evidence suggests that their predecessors had passed the practice on
to them. Virtually every culture has practiced the art of scrying: Mon-
golians, Siberians, Japanese, Tahitians, Gypsies, Australian aborigines,
Zulus, Congolese, Ethiopians, Papuans.

Most early Christians, too, believed in scrying, although they were
conflicted about the practice, since it smacked of paganism. They also
feared that demons would appear instead of angels. Saint Hippolytus,
inveighing against heresies around 200 C.E., was unusual in warning
primarily of fraud rather than demons. He explained that some scryers
employed a large magic cauldron with a crystal bottom; hidden under-
neath were actors “invested with the figures of such gods and demons
as the magician wishes to exhibit.” Reflective fish scales were glued on
the blue ceiling to imitate stars.

After the conversion of the Roman emperor Constantine in 312
C.E., the Christians gradually turned from the persecuted into perse-
cutors. At a synod held by Saint Patrick in the early fourth century, a
canon ruled that any Christian who believed that a lamia (a monster
with the body of a woman) could be seen in a mirror would be ex-
communicated.

Jesus himself had discouraged belief in miracles, emphasizing that it
was people’s faith that had made them well (though he combined earth
and spit to make a mud to cure blindness, and he cast out demons). The
organized Christian church went much further, trying to substitute its
own rituals and prayers for folk superstitions, intent on suppressing
and supplanting every other belief system.

At the same time, however, early Christians allowed properly sanc-
tioned miracles. They believed, for instance, that when the pure of heart
looked into a particular well at Bethlehem, they would see a magical
star. In his prayer for victory over paganism, Saint Patrick’s invocation
sounded similar to a scryer’s chant:

I bind to myself today
The power of Heaven,
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The light of the sun,
The brightness of the moon.

Scrying persisted in occult religious traditions such as neo-Platonism,
Gnosticism, Hermeticism, Kabbalism, and alchemy, regardless of Chris-
tian attempts to stamp them out, and they thrived for centuries as an
underground movement, profoundly influencing those who sought to
plumb the mysteries of the universe, including many Christians. All of
these mystical traditions stressed a transcendent One who could only be
reached through ritual magic, a complex hierarchy of angels and
demons, and a virtuous life of contemplation.

In The City of God, written in the early fifth century, Saint Augus-
tine swung the weight of the Christian church firmly against scrying.
He labeled all magic as “entangled in the deceptive rites of demons
who masquerade under the names of angels.” Nonetheless, the prac-
tice of scrying continued, even within the church. Christians did, after
all, believe in angels and demons, and mirror-gazers claimed to com-
municate with them.

In the twelfth century, the Christian scholar John of Salisbury re-
called how a priest ordered him and another child to look into polished
basins, then to stare at their fingernails smeared with holy oil and to re-
port any ghostly shapes they saw. John saw nothing and so was spared
the ordeal of being a child scryer. “The specularii [scryers] flatter them-
selves,” John wrote, “that they immolate no victims, harm no one,
often do good as when they detect thefts, purge the world of sorceries,
and seek only useful or necessary truth.” Yet John knew child scryers
who had gone blind from the enforced staring into mirrored surfaces.

In the thirteenth century, European scholars began to translate works
from Arabic that were to spawn the Renaissance. Along with many im-
portant scientific works, they translated the works of Picatrix, who re-
garded magic as a superior branch of science. He provided an important
alternative perspective to the gloomy Christians who denounced magic as
demonic. According to Picatrix, the scryer should be chaste, or at least re-
frain from intercourse prior to a magic session, when he should put him-
self in an “expectant and receptive” mood. His views influenced Euro-
pean scryers, giving them pride in their exalted but furtive work.
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Forty Devils with Their Imps

Regardless of church dogma, scrying remained firmly imbedded in folk
practice and belief. As collected by the Grimm brothers, the story of Snow
White, for instance, hinges on the evil queen’s scrying talents. “Mirror,
mirror, on the wall,” she begins her invocation, and the infuriatingly hon-
est magic mirror reveals that her despised stepdaughter, living with seven
dwarves, is “fairest of them all,” even though the queen thought she had
eaten the young woman’s lungs and liver. This story probably originated
in the Middle Ages, but by that time European folktales contained a wild
mixture of Hindu, Arabic, and Hebrew material as well, so it is impossi-
ble to know the exact provenance of this particular mirror tale.

Similarly, the story of Reynard the Fox, related in various versions
and languages from the twelfth century on, involved a mirror “of such
virtue that men might see therein all that was done within a mile.” The
Gesta Romanorum, a popular medieval collection of folktales, told the
story of a knight who was in Rome on his way to the Holy Land, when
a good magician accosted him: “This day you are a son of death unless
you have my help, for your wife has made arrangements to kill you!”
Only scrying in a magic mirror saved him and killed the evil wizard
who was having an affair with his wife.

In Russia, mirrors helped peasant girls determine whom they would
marry. The most common method was to go to a bathhouse or deserted
hut on a dark night with a torch and mirror. Placing the mirror oppo-
site the open door, a girl might see the image of the spouse appear in the
mirror at midnight. Sometimes a group of village girls would form a cir-
cle around the mirror and the chosen girl, who would chant, “Come
forty devils with your imps from under the tree stumps and roots.”
Sometimes the future spouse would appear in the mirror, but often the
Devil would come instead.

In England, belief in the supernatural was widespread. One Bishop
Baldock complained in 1311 that “some pretend to invoke spirits in
[finger|nails and mirrors, in stones and rings, and pretend that these
spirits give signs and responses.” In The Canterbury Tales, Geoffrey
Chaucer’s Parson objected to the “horrible swearing of adjuration and
conjuration, as done by these false enchanters or necromancers in
basins full of water, or in a bright sword.”
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Inquisitorial Fires and a Skeptic

The Renaissance (ca. 1300-1600) was a period of intellectual, religious,
scientific, and occult ferment and change. As the Roman Catholic
Church struggled to maintain control over an ever-changing world—
suffering its own Great Schism, followed by the Protestant Reforma-
tion—the popes sanctioned the Inquisition to root out heretics and
witches. As scrying became more popular as a way to penetrate the
mysteries of the universe, it also became more dangerous.

At the same time that inquisitorial fires consumed heretics, however,
magic continued to flourish. Around 1350, The Stone of the Mountain,
a book attributed to Philip I, son of the French king, featured a virgin
on a mountaintop in an Eden-like garden, surrounded by attentive
philosophers. She held in her hand “the mirror of human life,” pre-
sumably the stone of the book’s title. Another legendary figure, the
Christian priest-king Prester John, purportedly consulted a marvelous
mirror—guarded by 12,000 soldiers, reachable only by climbing 125
steps—in which all plots against him were revealed.

The longtime popularity of scrying attracted a few skeptics. Nicolas
Oresme (1323-1382), a French theologian, mathematician, and trans-
lator of Aristotle, and later Bishop of Lisieux, provided a more nu-
anced psychological critique of scrying. He attributed “marvelous
power” to the human soul, which acted most strongly when people
went into a trance state. This explained why boy scryers’ vision was af-
fected and their “spirits so disordered,” even to the point of blindness.
Oresme also noted the astonishing changes in the face of a magician
during his conjurations and invocations: “He scarcely seems the same
person, while his mind also appears to be alienated.” Add fastings,
special diets, and a solitary lifestyle, and it was no wonder, Oresme
wrote, that scrying produced results—but the visions derived not from
invoked demons but from “delusion, imagination, [and] an abnormal
state of mind and body, terror, and illusion.” That explained why only
the scryer saw visions, whereas others attending saw nothing unusual.
Oresme added that some magicians made “mathematical illusions” by
using hidden mirrors. Despite such a rational approach, Oresme also
believed that a black cloud obscured a mirror whenever a criminal
looked into it.
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Meanwhile, the Jewish magical tradition of Kabbalah and divination
thrived. Although Deuteronomy clearly forbade wizardry and scrying,
it was mentioned in the Talmud, and it was perfectly acceptable even
for pious Jews to practice it on the Sabbath.

New Worlds

By the end of the fifteenth century, these trends—burning at the stake,
magical practices, and embryonic scientific rationalism—were exacer-
bated by two events: Gutenberg’s invention of the printing press, and
Columbus’s encounter with North America, both of which opened up
new worlds of possibility for adventurous spirits. The rush to claim
colonies and find new trade routes helped broaden provincial perspec-
tives and encouraged scientific advances, including much mirror use.
But the printing press had the more immediate effect.

In 1438, Johannes Gensfleisch Gutenberg started a mirror-making
business in Strasbourg, selling small metal or glass mirrors to religious
pilgrims who believed they could thereby capture the reflection of a
saint’s relics—a poor person’s way to bring home holiness. In 1444,
Gutenberg returned to Mainz, where he used his expertise in metal-
working and the concept of mirror images to create the first printing
press. By 1455, he had completed his monumental printing of the Bible.

Subsequent books poured off the new presses, permitting a vast ex-
pansion of knowledge as well as nonsense. In 1486, the Malleus Malefi-

b

carum, or “Hammer of Witches,” written by priests Heinrich Kramer
and James Sprenger, was published. Enormously influential, it ex-
plained how to identify and interrogate witches. As a result, the Inqui-
sition and its fires heated up, though it was fortunate for wizards that
Kramer and Sprenger focused primarily on witches; the two priests
were obsessed with “all manner of filthy delights” enjoyed by women,
whom they blamed for killing cattle, making men impotent, and caus-
ing miscarriages. Although the authors expressed mild disapproval of
scrying, they admitted to employing magicians themselves when they
felt they had been bewitched.

“The years 1500 to 1600 undoubtedly were the century of magic,”

Colin Wilson observes in The Occult: A History. The times nourished a
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flamboyant sort of freelance intellectual and rogue. In 1501, for in-
stance, an Italian magician calling himself Mercury surfaced in Lyon,
claiming to surpass all the occult sciences of the ancient Hebrews,
Greeks, and Latins. He presented a magic mirror, made under favoring
constellations, to the appreciative French king.

Born in Cologne in 1486, Henry Cornelius Agrippa, fluent in eight
languages and an omnivorous reader, seemed destined for great things,
but wherever he went—all over Europe—he clashed with priests, whom
he regarded as ignorant and narrow-minded. Agrippa consulted a
magic mirror in which “the dead seemed alive,” as one witness as-
serted. Fantastic tales swirled around the magician. Agrippa supposedly
showed the Earl of Surrey his mistress in a mirror, and another time he
conjured up Tully out of the reflective depths to give an oration.

In 1510, Agrippa completed a three-volume treatise, On Occult Phi-
losophy, a grab bag of lore written in a mystical, overheated style. In de-
fending the magical use of mirrors, Agrippa focused on the power of the
imagination, denying that his scrying had anything to do with sorcery or
the Devil. “The fantasy, or imaginative power, has a ruling power over
the passions of the soul,” he wrote, “when these are bound to sensual
apprehensions.” Near the end his life, a disillusioned Agrippa wrote On
the Vanity of Sciences and Arts, in which he attacked all of man’s puny
efforts to acquire knowledge, whether from magic or science. Nonethe-
less his occult writings, as well as his legendary magical feats, remained
influential after his death in 1535 at the age of forty-nine.

Twelve years after Agrippa’s passing, another wandering wizard-
physician settled down to become one of the most famous scryers of all
time. Born in 1503 of Jewish parents who converted to Christianity,
Michel de Nostredame was known simply as Nostradamus. In 1547,
Nostradamus commenced scrying, wearing a ceremonial robe, holding
a magic wand, and staring into a bowl of water atop a brass tripod. Vi-
sions came to him, as did entire quatrains of prophetic poetry, which he
published in 1555.

The French aristocracy loved the mysterious messages. Catherine de
Medici summoned Nostradamus to her Parisian court because one of
his poems might be interpreted to predict the death of her husband,
King Henri II. There, the scryer cast horoscopes and interpreted moles
on the exposed bodies of various noble clients. In 1559, when Henri II
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died a lingering death from a jousting wound, Nostradamus was ac-
claimed a true clairvoyant, and Catherine continued to consult him
until his death in 1566. Although she generally strove for tolerance and
compromise during the bloody civil wars between Catholics and Protes-
tants, Catherine was known as the “queen-witch” because after Nos-
tradamus died she looked into her own magic mirror.

John Dee: Renaissance Man

In England, another queen also struggled to maintain power amid
scheming factions, assassination plots, and foreign intrigue. Like
Catherine, Queen Elizabeth had her favorite occult adviser, complete
with magic mirror. But John Dee was far more than a mere “conjurer,”
as public rumor labeled him early in his career. He was an expert in as-
tronomy, mathematics, musical harmonics, optics, cartography, naviga-
tion, geography, cryptography, medicine, theology, law, literature, and
history. A child prodigy, Dee entered Cambridge University in 1542 at
the age of fifteen. During the next four years, he later recalled, “I was
so vehemently bent to study, that for those years I did inviolably keep
this order; only to sleep four hours every night.”*

In 1548, having received his master’s degree, Dee went to the Univer-
sity of Louvain, near Brussels, where he studied civil law and mathemat-
ics and gained a reputation as a budding genius. As his fame spread, “di-
verse noblemen (Spaniards, Italians, and others) came from the Emperor
Charles V’s court at Brussels to visit me at Louvain,” Dee recalled, in-
cluding Sir William Pickering, the English ambassador, whom Dee tu-
tored in logic, rhetoric, math, and astronomy. In return, Pickering gave
Dee a large concave mirror that produced extraordinary optical illusions.

In 1550, Emperor Charles V offered the twenty-three-year-old Dee a
well-paid position as a “mathematical reader,” but he declined, return-
ing to England to seek his fortune with the Protestant regime. Dee took
a position as tutor in the household of John Dudley, the Duke of
Northumberland, the real power behind the throne held by twelve-year-
old Edward VI.

*For ease in reading, Dee’s spelling has been modernized.
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When the sickly Edward died in July 1553, his Catholic half-sister,
Mary Tudor, became queen. Two years later, John Dee was arrested on

» <«

charges of “calculating,” “conjuring,” and “witchcraft.” His real crime
was political: He had befriended Elizabeth, Mary’s half-sister, who was
arrested a week after Dee. Elizabeth and Dee survived their imprison-
ments to remain friends (on a very unequal footing) for the rest of their
lives.

In July 1558, Dee published his first major work, the Propaedeumata
Aphoristica (Preliminary Aphoristic Teachings), intended as a scientific
introduction to astrology and astronomy. He believed that the stars and
planets influence events on earth through rays of visible light as well as
invisible rays and that “they come together especially in our imaginal
spirit as if in a mirror, show[ing] themselves to us, and enact[ing] won-
ders in us.”

Four months after the book’s publication, Queen Mary died, and
Elizabeth Stuart asked Dee to consult the stars for the most propitious
day for her coronation. He chose January 15, 1559.

Dee yearned for royal recognition and at least some monetary secu-
rity, but the frugal Queen Elizabeth kept her philosopher perpetually
dangling, though she dispensed lavish compliments, limited favors, and
occasional cash. In 1566, Dee moved into his mother’s sprawling house
at Mortlake, set on the River Thames 8 miles southwest of London.
There he created a lair Merlin would have envied, with outbuildings
holding 40,000 books, scientific and magical apparatuses, and several
laboratories bubbling with alchemical experiments. His home served as
a magnet for intellectuals, nobility, and adventurers of all stripes.

In 1570, Dee wrote his Mathematical Preface to the first English
translation of Euclid, part of the rediscovery of ancient Greek science.
His long essay was an ode to math and its uses in subjects ranging from
architecture, commerce, and music to astronomy, mechanics, and
magic. Dee praised “the infinite desire of knowledge, and incredible
power of man’s Search and Capacity,” urging bold and mathematical
ventures. He discussed submarines, for instance, and asserted (before
Galileo) that light and heavy objects fall at equal speed to the ground.

For Dee, mathematics was, next to theology, “most divine, most
pure, most ample and general, most profound, most subtle,” particu-
larly in its highest usage, “lifting the heart above the heavens, by invis-
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ible lines, and immortal beams meeteth with the reflections, of the light
incomprehensible: and so procureth joy, and perfection unspeakable.”
Like Pythagoras and Plato, John Dee believed that pure mathematical
forms provided a perfect mirror in which to contemplate the ultimate
reality, which existed above earthly matters.

The closest thing to this purity was the study of optics, which Dee
called Perspective, the study of “all Radiations Direct, Broken, and Re-
flected,” which concerned “all Creatures, all Actions, and passions, by
Emanation of beams performed.” By understanding how mirrors
worked, Dee noted, we could understand “why so sundry ways our eye
is deceived and abused” through mirror tricks and other optical illusions.
Dee described the mirror he had received from Sir William Pickering. If
you lunge at it with a sword or dagger, “you shall suddenly be moved to
give back . .. by reason of an Image, appearing in the air,” attacking you
in return. “Strange, this is, to hear of: but more marvelous to behold.”*

Dee ended his essay with a mysterious passage about the Archmaster,
who through his “doctrine Experimental” can accomplish things “so un-
heard of, so marvelous, & of such Importance.” What could this be? “The
chief Science, of the Archmaster (in this world) as yet known, is another
(as it were) OPTICAL Science: whereof, the name shall be told (God will-
ing) when I shall have some (more just) occasion, thereof, to Discourse.”

Dee was referring obliquely to the art of scrying. By 1570, he had al-
most certainly been using this “optical science” in order to supplement
his other quests for knowledge. Dee believed that certain gifted scryers
could see and converse with God’s angels. He tried a string of scryers,
eagerly writing accounts of the sessions, only to be disappointed and
disillusioned with each in turn. Dee yearned, as he wrote in the Mathe-
matical Preface, for “things Intellectual, Spiritual, eternal, and such as
concern our Bliss everlasting: which, otherwise (without Special privi-
lege of Illumination, or Revelation from heaven) No mortal man’s wit
(naturally) is able to reach unto.” And so Dee continued his search for
the right scryer, his key to the “special privilege of illumination.”

*Queen Elizabeth once arrived at Mortlake with an entourage of nobility and
“willed me to fetch my glass [mirror] so famous, and to show unto her some of
the properties of it, which I did,” Dee recalled, “to her Majesty’s great content-
ment and delight.”
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A Model for Prospero

As a young man in the 1550s, Dee—an expert in mathematical naviga-
tion and astronomy—had advised navigator Richard Chancellor in his
attempt to find the Northeast Passage to the Pacific. Instead, after dis-
covering the land of endless night, Chancellor abandoned ship and trav-
eled through “extreme and horrible” cold to Moscow, where he estab-
lished trading relations with Ivan the Terrible. As a consequence, the
Muscovy Company was founded back in London and was given a royal
monopoly over northern exploration.

Dee’s enthusiasm for exploring other new worlds remained high. In
fact, the two parallel attempts to expand human knowledge—spiritu-
ally and geographically—were directly linked through the Gilbert
brothers (Humphrey, Adrian, and John) and navigator John Davis. A
curious 1567 document, now in the British Library, describes “Certain
Strange Visions or Apparitions of Memorable Note” by “an experi-
mental Magician.” It recounts the efforts of one H.G. and his scryer,
John Davis. Thus, it would appear that Humphrey Gilbert was at-
tempting to find answers in magic mirrors, too.

It isn’t surprising that Gilbert sought anonymity, however, because
scrying was technically illegal. Anyone who appeared to possess extra-
ordinary knowledge, such as John Dee, was suspect. Mathematical and
scientific pursuits were considered evidence of devil-dealing. As a con-
sequence, Dee was plagued by such rumors all of his adult life, and it
was he who partially inspired Marlowe’s Faust (1593) and Shake-
speare’s Prospero (1611).%

In spite of official laws against such practices, Queen Elizabeth and her
ministers believed in the efficacy of scrying and witchcraft. Thus, in 1577,
when a new comet threw the court into a panic, Queen Elizabeth sum-
moned Dee, who spent three days calming her fears. In return, she

*Shakespeare’s works are filled with mirrors, magic, and witches. In Macbetbh,
for instance, the three Weird Sisters fill their bubbling cauldron with grotesque
items before cooling it to a mirrorlike surface with baboon blood. When Mac-
beth asked them, “What is’t you do?” they answered, “A deed without a name,”
but it was obvious that they were scrying, producing apparitions. Their last vi-
sion included scrying within scrying, when a king appeared holding a mirror that
showed the entire Stuart line.
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promised to protect her philosopher against any who would “unduly seek
[his] overthrow” because of his “rare studies and philosophical exercises.”

During that intense time at court, Dee probably advised Sir Francis
Drake on his forthcoming circumnavigation of the world. He also met
and wooed Jane Fromonds, a young lady-in-waiting. On February 5,
1578, Dee married her, recording it in a diary he had begun the year be-
fore. He was fifty-one; she was twenty-three. On July 13, 1579, Jane
Dee gave birth to their first child, Arthur (named after King Arthur).

In 1580, John Dee entered a scheme with Sir Humphrey Gilbert, his
brother Adrian, and John Davis, who proposed to “discover and settle
the northerly parts of Atlantis, called Novus Orbis”—in other words,
to colonize North America. In return for Dee’s advice and support, Sir
Humphrey offered the philosopher ownership of most of Canada and
all of Alaska. Unfortunately, Sir Humphrey drowned three years later
when his ship sank returning from America, and the plans came to
naught. Something else came out of Dee’s interests in exploration,
however.

A week after Dee signed the agreement, the queen rode to Mortlake
and “willed me to resort to her Court” at Richmond, a few miles up-
river. There, on October 3, he delivered his manuscript, entitled Bry-
tanici Imperii Limites, giving Elizabeth a scholarly rationale for colo-
nial conquest through the direct tracing of her legal right to newly
discovered lands back to King Arthur. He urged the creation of a royal
navy and (coining a phrase) envisaged a glorious “British Empire.”
Such matters were very much on Elizabeth’s mind, since Sir Francis
Drake had just returned from his four-year voyage around the world,
“richly fraught with gold, silver, silk, pearls and precious stones” pi-
rated from South America.

How Pitiful a Thing Is It, When the Wise Are Deluded

It is possible that among his lesser treasures, Drake brought back a
highly polished black obsidian mirror, used for scrying by Aztec priests,
and that either he or William Hawkins, one of his crew, subsequently
gave it to John Dee. In his diary, Dee recorded a visit from Hawkins on
June 17, 1581. Then, in two cryptic entries, Dee wrote on July 29, “The
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glass gone,” and the next day, “Another glass given.” It would appear
that he traded mirrors with someone, and perhaps this is when he came
into possession of the mysterious black mirror, along with the informa-
tion that the Aztecs had used it to communicate with their gods. Or Dee
could have gotten it during his time in Europe from a Spanish noble,
eager to impress the young English genius by dispensing interesting tri-
fles from the booty of Cortez. At any rate, the mirror now rests in the
British Museum, where it keeps its secrets.”

By this time, John Dee had begun to consult scryers more assiduously
than ever. On March 8, 1582, a new scryer arrived at Mortlake. The
rather unbecoming young man introduced himself as Edward Talbot,
which Dee later discovered was an alias for Edward Kelley. Kelley
limped and wore a cap to cover one ear, which had been cropped for
some previous transgression. But his appearance didn’t matter. Dee
quickly assessed him “a learned man.” After supper, Kelley offered to
“further my knowledge in magic ... with fairies,” Dee wrote in some
horror in his diary. He wanted no commerce with magic, fairies, or
demons. Angels were what he sought.

Kelley was a quick study. When he returned two days later, he ex-
plained to Dee that he was only trying to trap him, to see if he had “any
dealing with wicked spirits.” Dee stressed that he did not practice what
was “vulgarly accounted magic” but “confessed myself long time to
have been desirous to have help in my philosophical studies through the
company and information of the blessed angels of God.” With that, he
pulled out “my Stone in the frame (which was given me of a friend),”
and they commenced a scrying session, which Dee called “Actions.”
After a quarter of an hour of earnest prayer, “he had sight of one in the
Stone” who identified himself as Uriel. In this first session, Uriel assured
Dee through Kelley that he would live “an hundred and odd years” and
that the archangels Michael and Raphael would also be visiting.

That afternoon, in a second session, Uriel warned that an evil spirit
named Lundrumguffa was lurking in the house, seeking to destroy

*It is possible that this Aztec mirror, first identified as having belonged to Dee in
a 1748 catalog of Horace Walpole’s collections, was not really owned by the Eliz-
abethan philosopher, for he never mentions it specifically. Dee’s fascination with
optics, odd mirrors, and scrying, however, plus the circumstantial evidence, lends
credence to its identity.
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Dee’s daughter, Katherine, who was eight months old. To reinforce the
validity of the warning, Uriel informed Dee that the demon had
maimed his shoulder the previous night. (Dee had, of course, told Kel-
ley that he had awakened with a sore shoulder.)

The next day, a figure appeared in the scrying stone in a purple
robe, “all spanged with gold,” but Uriel whipped him and stripped off
his robe to reveal Lundrumguffa as “all hairy and ugly.” Of course,
Dee actually saw and heard nothing except Kelley’s dramatic recita-
tion, but he was utterly convinced. Uriel threw the demon into a great
pit and then all was well. “My scryer saw an innumerable company of
angels about him.” Then Michael, who sat in a chair with a sword,
spoke:

Go forward: God hath blessed thee.
I will be thy guide.

Thou shalt attain unto thy seeking.
The world begins with thy doings.
Praise God.

It is little wonder that Dee was seduced. Here were the answers to his
prayers, delivered through compelling scenes and in resounding biblical-
sounding prophecy. Dee apologized for keeping the angels so long,
adding: “But, for my part, I could find in my heart to continue whole
days and nights in this manner of doing: even till my body should be
ready to sink down for weariness.”

Dee was hooked, and over the next year and a half Edward Kelley’s
hooks would only sink deeper, even though there were early warning
signs that all was not right. Kelley proved to be a volatile, difficult
houseguest. He declared that the archangel Michael had ordered him to
marry, “which thing to do, I have no natural inclination.” Kelley,
twenty-seven, reluctantly married Joan Cooper, nineteen.

Jane Dee, who was Edward Kelley’s age, became increasingly un-
comfortable with the situation. Her husband was clearly falling under
Kelley’s spell, and the scryer himself was attracted more to his master’s
wife than to his own. One can hardly blame Jane for being disturbed at
the scryer who had taken over her husband’s life. It was also affecting
their sex life, since Dee, in his efforts to please the angels, promised “to
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forbear to accompany with my own wife, carnally: otherwise than by
heavenly leave and permission.”

It didn’t matter how outrageous Kelley’s antics were; Dee’s faith
could not be shaken. At one point, Kelley observed a “tall well favored
man” in the Shewstone who looked suspiciously like Dee himself. The
man said, “How pitiful a thing is it, when the wise are deluded.” Yet
Dee still believed.

Behold, You Are Become Free

When Polish count Albert Laski appeared at Mortlake in the summer of
1583, a sprightly new angel named Madimi appeared, “like a pretty girl
of seven or nine years of age.” Madimi and other angels suggested that
they follow Laski back to Bohemia, and on September 21, 1583, the en-
tire Dee entourage—including three children now (Roland was nine
months old)—and Count Laski sailed for the Low Countries. Dee took
his holy scrying table, his mirror and crystals, and 700 books.

For the next three years, Dee and Kelley bounced between Prague,
Krakow, and Trebon Castle, where the wealthy William of Rosenberg
gave them shelter. During the Actions, angels directed Dee to confront
Emperor Rudolf II in Prague with his sins. With the remarkable self-
possession and courage of the righteously deluded, John Dee spent an
hour alone with the Emperor on September 3, 1584.

I began to declare that all my lifetime I had spent in learning: but for this
40 years continually, in sundry manners, and in divers countries, with
great pain, care and cost, I had from degree to degree sought to come by
the best knowledge that man might attain unto in the world. And I found
(at length) that neither any man living, nor any book I could yet meet

withal, was able to teach me those truths I desired and longed for.

And so he resorted to magic mirrors and crystals, which God’s “holy
angels, for these two years and a half, have used to inform me.”

One might think that Rudolf would conclude that Dee was a com-
plete crackpot at this point, but the emperor was intrigued. A melan-
choly, inscrutable man, Rudolf II was fascinated by all forms of knowl-
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edge; his court was famed not only for attracting the best scientists and
artists in the world but also for Rudolf’s interest in the occult and
alchemy.

Then Dee delivered his message. “The Angel of the Lord hath ap-
peared to me, and rebuketh you for your sins. If you will hear me, and
believe me, you shall triumph. If you will not hear me, the Lord, the God
that made heaven and earth (under whom you breathe and have your
spirit) putteth his foot against your breast, and will throw you headlong
down from your seat.” Incredibly, Rudolf told Dee that he believed him
and that “another time he would hear and understand more.”

Later, the angels led Dee to upbraid Poland’s King Stephen in similar
fashion. Yet it wasn’t his prophetic chiding that got Dee in trouble; in-
stead, the threat came from the papal nuncio, who suspected Dee of
heresy and wanted him to turn over his books of angelic Actions. Kel-
ley staged a dramatic burning of all the Action diaries. The scryer, a
sleight-of-hand artist, apparently pulled a classic switch, having pre-
pared an identical bag that he kept under the table. Later, the books
miraculously (to Dee) reappeared in the garden.

The trick didn’t keep the Pope from pressuring Rudolf into banishing
Dee and Kelley from his kingdom, but Rosenberg intervened and got
permission for them to stay with him at Trebon Castle, where Kelley
began to spend most of his time on alchemical experiments. He con-
vinced Dee as well as many others that he really was producing gold,
as the Elizabethans put it)
probably accounted for the miraculous results.

b

though his sleight of hand (or “juggling,’

That year, 1587, was to bring a dramatic climax to the Actions. On
Friday, April 17, Kelley took up scrying again, looking into the Stone,
where he saw a swiftly turning globe on which was written: “All sins
committed in me are forgiven. He who goes mad on my account, let
him be wise. He who commits adultery because of me, let him be
blessed for eternity and receive the heavenly prize.”

The next day, Madimi appeared. No longer a sweet young girl, she
had matured into a voluptuous young woman. “Madimi openeth all
her apparel,” Kelley reported, “and showeth herself all naked; and
showeth her shame also.” Madimi gave a speech on free love: “Behold,
you are become free. Do that which most pleaseth you. For behold,
your own reason riseth up against my wisdom.”
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Kelley reported that he saw four heads—his, Dee’s, and their
wives’—on a white pillar and that Madimi brought down a half-moon
on which was written, “Nothing is unlawful which is lawful unto
God.” Madimi declared that there should be “unity amongst you,”
then disappeared. Dee interpreted the unity as “after the Christian and
godly sense,” but Kelley took it as sexual and “utterly abhorred to have
any dealing with them farther.”

Dee prevailed upon Kelley to ask whether Madimi meant “carnal
use” or “spiritual love and charitable care and unity of minds.” The an-
swer: “I speak of both.” Dee couldn’t believe it. “The one is expressly
against the commandment of God: neither can I by any means consent
to like of that doctrine. . .. Assist me, O Christ. Assist me, O Jesu. As-
sist me, O Holy Spirit.”

Kelley then read what appeared in the Stone on a white crucifix: “If
I told a man to go and strangle his brother, and he did not do it, be
would be the son of sin and death. For all things are possible and per-
mitted to the godly. Nor are sexual organs more hateful to them than
the faces of every mortal.”

At 2 A.M. that morning, John Dee told his wife in bed, “Jane, I see
that there is no other remedy, but as hath been said of our cross-
matching, so it must needs be done.” She wept and trembled in his
arms for a quarter of an hour. “I pacified her as well as I could,” he
wrote, “and so, in the fear of God, and in believing of his admonish-
ment, did persuade her.”

On May 3, the four of them signed an agreement to carry out “this
most new and strange doctrine” despite “all our human timorous

)

doubting,” and they promised to promote “amongst us four a perfect
unity and Christian charity with incomparable true love and friendship,
imparting and communicating each with other, of all and whatsoever
we have or shall have hereafter during our lives.”

On May 21, there was only one diary entry: “pactum factum” (pact
fulfilled). During an Action the following day, a man on a white horse
asked Kelley, “Was thy brother’s wife obedient and humble to thee?”
Kelley answered, “She was.”

Nine months later, Jane Dee gave birth to a boy. No one discussed
the child’s possible paternity. They named him Theodore Trebonianus

Dee, meaning “Gift of God at Trebon.”
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Final Journeys

Although the two couples attempted to fulfill their commitment to
practice “incomparable true love and friendship,” it didn’t work. Dee
could never admit that the angels were figments of Kelley’s imagination
or that his scryer had deliberately set out to seduce Jane. As Kelley’s al-
chemical experiments appeared to thrive, Kelley’s reputation soared as
Dee’s dwindled. On March 11, 1589, Dee and his family left for Eng-
land, arriving on November 22.

Kelley remained in Bohemia, was made a baron by Rudolf II, and
acquired a castle, nine villages, and two houses in Prague. Kelley died
in 1597 of injuries sustained after he jumped out of the window of a
castle, trying to escape prosecution for one of his schemes.

Meanwhile, John Dee struggled to survive. He returned to Mortlake
to find his library looted and his laboratories trashed. Two months
later, in February 1590, Jane gave birth to a girl. Incredibly, the Dees
named her Madimi, after the lewd angel who had ordered the cross-
matching. In addition to his six children, Dee had to support a house-
ful of servants. Although Queen Elizabeth received him kindly within
two weeks of his return, she repeatedly failed to help him.

In 1605, Jane Dee and two of the children died of the plague. Only
three of Dee’s eight children now survived. Suffering from painful kid-
ney stones, Dee moved back to Mortlake, where his daughter Katherine
cared for him and he resumed Actions with his scryer before Kelley,
Barthilmew Hickman. On July 17, 1607, the eighty-year-old Dee wrote
in his diary that “Barthilmew and I talked of divers of my doings with
Kelley,” and he unlocked his chest to pull out his old scrying Stone.

The angel Raphael soon appeared to Hickman in the reflective sur-
face. The angel pledged “to serve thee at all times, when thou art placed
in thy journey.” Dee was prepared to trust the spirits hovering in his
magic mirror one more time. “Thou shalt ... take a long journey in
hand, and go where thou shalt have all these great mercies of God per-
formed unto thee.” Dee would finally be given “the secret knowledge
and understanding of the philosopher’s stone.” Great things were in
store for him overseas. “They have and do make a scorn of thee here in
this thy native country,” Raphael observed, but he noted that the same
had been true of Jesus.
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And so Dee prepared for his last journey, but the spiritual creature’s
message was apparently metaphorical. Dee died in England on Febru-
ary 26, 1609.

John Dee’s Legacy

John Dee resorted to the occult only in a sincere effort to plumb the
mysteries of the universe. He tried “natural magic,” which we now call
science, but it was not enough for him, so he was seduced by the su-
pernatural. Dee’s life story offers a tragedy worthy of Shakespeare, his
contemporary. In another era that rewarded true scholarship, he might
have been an honored optician, physicist, astronomer, or mathemati-
cian. Or he may have turned to mysticism without the need for a scryer.

In Dee’s own time, the world seemed a ferment of change and dis-
covery, with new wonders revealed almost daily. Many signs, including
a nova that appeared in Cassiopeia in 1572, were interpreted by as-
trologers as an indication that the world would soon end. Thus, it was
not surprising that an angel in the mirror told Dee, “New worlds shall
spring of these. New manners: strange men: the true light, and thorny
path, openly seen. All things in one.”

Yet Dee’s path remained thorny all of his days, and he never found
“all things in one.” He was one of the last intellectuals for whom occult
and scientific mirrors reflected the same light of truth. Yet Dee’s mixed
legacy—and his mirrors—also helped lead the world into scientific ad-
vances that would revolutionize our views of the universe. Dee stood at
a historic crossroad where magic and science were finally to split apart.






Chapter 3

FIELDS OF LIGHT

And God said, “Let there be light,” and there was light. And
God saw that the light was good.

GENESIS I: 3—4

AD JoHN DEE BEEN borna hundred years later, he might

have resembled Isaac Newton, the brilliant scientist who ground
the mirror to make the first reflecting telescope, who dissected light to
create modern optics, and who propounded the laws of physics, includ-
ing gravity, which explained the then-known forces that allowed the
universe to function. Like Dee, Newton was fascinated with alchemy
and the occult, but because he was born later, with the Scientific Revo-
lution well under way, he changed the way we view the world instead
of trying to talk to angels.

Newton famously pointed out that his work stood “on the shoulders
of Giants.” The scientific tradition—intimately tied to mirrors, astron-
omy, and the study of light—stretches back to ancient times, often in
tandem with magic, and the men on whose shoulders Newton stood
were a brilliant, quirky, independent lot who hatched their ideas while
contemplating rainbows, looking at their own distorted faces in oddly
shaped mirrors, or watching sunlight filter through the dust motes in
their prison cells. We’ll meet them in this chapter (including Dee in sci-
entific garb) and the next, culminating with Newton.

The science of mirrors begins with the study of light. From the ear-
liest times, humans worshipped the sun, our principal light source,
but they also tried to understand what light was and how their eyes
could see. They soon realized that light could bounce and bend—that
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is, it could be reflected or refracted. The study of optics was born, and
its gradual development provided an important impetus for scientific
advances leading up to Newton and beyond. For ancient and medieval
scientists, the study of light and its behavior was the most fundamen-
tal of the sciences—and the one promising to illuminate the deepest
secrets.

What is light? Even though it allows us to see, it is itself invisible, tra-
versing space without a trace, unless it bumps into something like dust,
which allows us to see that it travels in straight lines. It isn’t readily ap-
parent that it has a finite speed—maybe it simply instantaneously is—
or that “it” is an it at all. In later chapters, we will consider more mod-
ern ideas about light. Here, suffice it to say that we still really don’t
understand it, though we know a great deal about how it behaves. We
should remain humble, however, in reviewing theories of vision and op-
tics that turned out to be wrong. The marvel is that humans have tried,
with some success, to figure it all out.

Plato’s Mirror Worlds

The first ancient opticians were priest-shamans in Mexico, China,
Egypt, and elsewhere. The Olmecs and Chinese used highly polished
concave mirrors (of obsidian and bronze respectively) to light sacrificial
fires, and the Egyptians constructed the great temple of Karnak so that
the sun shone down its long corridor only at sunset of the summer sol-
stice. The Great Pyramid, originally covered with white marble, was a
huge mirrored surface, and New Kingdom obelisks were capped with
polished electrum, a gold-silver alloy on which sunlight flashed dramat-
ically just before sunrise.

Although the priests were excellent optical technicians, they were
not interested in scientific progress for its own sake. Rather, they used
their secret knowledge to mystify and enthrall. The modern scientific
enterprise begins with the individualistic, argumentative, ever-curious
Greeks.* “Egypt and Phoenicia love money,” Plato remarked. “The

*In his classic book Science and Civilization in China, Joseph Needham argued
that passages in the Mo Ching, “truncated and fragmentary though they are,” in-
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special characteristic of our part of the world is the love of knowl-
edge.”

Many early Greek scientists, including Pythagoras and Plato, trav-
eled to Egypt to learn mathematics and optics. When Socrates was exe-
cuted in 399 B.C.E., Plato, then around thirty years old, left Greece in
disgust. After a decade of travel, he settled back in Athens and founded
his Academy, where he lectured on science and politics.

According to Plato, our eyes, the first of the sense organs installed
by the gods, contained “so much of fire as would not burn, but gave
a gentle light.” Plato believed that we see because our eyes send out
visual rays, which combine with sunlight to produce vision. Eventu-
ally, this somehow streams back to the soul (brain and heart), causing
us to see.

Even though we can still send forth this gentle visual fire at night,
it falls upon an unlike element and so is extinguished. “And now
there is no longer any difficulty in understanding the creation of im-
ages in mirrors and all smooth and bright surfaces,” Plato confi-
dently affirmed. “For from the communion of the internal and exter-
nal fires, and again from the union of them and their numerous
transformations when they meet in the mirror, all of these appear-
ances of necessity arise.” Plato thought the “fire” from the eye some-
how fused on the bright mirror surface. He also tried to explain why
right and left are reversed when we look into a mirror (a puzzle that
has plagued philosophers and optical theorists ever since). “Right ap-
pears left and left right, because the visual rays come into contact
with the rays emitted by the object in a manner contrary to the usual
mode of meeting.”

Plato’s extramission theory, in which visual rays proceed from the
eye, was disputed by Democritus (ca. 460 B.C.E.—ca. 370 B.C.E.) and his
followers, who believed that all visible objects constantly shed a thin
skin of tiny atoms, maintaining an ever-shrinking outline until they are
reflected in the mirror of the eye.

dicate that the Mohists understood a good deal about light and mirrors in the
fourth century B.C.E., the same time that the Greeks were looking into the same
subject. Mohists knew that light rays were linear, and they studied plane, convex,
and concave mirrors. But the Chinese study of physics never flourished.



56 MIRROR MIRROR

Aristotle’s Rainbow Visions

Plato apparently passed on an appreciation of optics to his student Aris-
totle, but the pupil disagreed with his master about the nature of light,
vision, and reflection, among other things. Perhaps because of such con-
flicts, Aristotle left Athens upon Plato’s death rather than taking over the
Academy. In 342 B.C.E., King Philip of Macedonia hired Aristotle as the
tutor of his thirteen-year-old son, Alexander. Seven years later, when
Philip died, Aristotle returned to Athens, where he formed the Lyceum
as a rival school to the Academy. There, he lectured while walking rest-
lessly up and down, thus securing the nickname “the Peripatetics” for
himself and his followers. Unlike Plato, Aristotle embraced scientific ob-
servation and produced a huge body of work explaining how everything
worked. Although much of what he wrote was grounded in real-life ob-
servations, other “facts” he conveyed were folkloric hearsay. Nonethe-
less, his work dominated much of Western intellectual thought, either di-
rectly or indirectly, until the seventeenth century.

Aristotle mocked Plato’s extramission theory of vision. “If vision
were the result of light issuing from the eye as from a lantern, why
should the eye not have had the power of seeing even in the dark?” he
asked. Aristotle argued instead that light traveled to the eye and that
light itself wasn’t simply a thing but an activity of sorts—light inter-
acted with air and water to actualize its potential transparency, just as
it produced red or blue when it hit such colored objects. He insisted
that light itself had no body. Unlike matter, it was not made up of
Democritus’s atoms but was simply an interaction in an invisible
medium, just as sound was. Light came into the eye and thence to the
brain and heart. “Soldiers wounded in battle by a sword slash on the
temple,” he observed, sometimes went blind, even though their eyes re-
mained intact. In these injuries the eye was “cut off from its connection
with the soul.”

That is why Aristotle denied that eyesight resulted from “mere mir-
roring” in the pupil, as Democritus had asserted. Aristotle wrote con-
descendingly that “in his [Democritus’s] time there was no scientific
knowledge ... of the formation of images and the phenomena of re-
flection. It is strange, too, that it never occurred to him to ask why, if
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his theory be true, the eye alone sees, while none of the other things in
which images are reflected do so.”

Aristotle hypothesized that colors arose from the interaction of light
with “translucent” objects and that the color varied depending on the
strength of the light or a person’s visual acuity. Rainbows fascinated
him, as they did succeeding generations of scientists. He wrote that
rainbows always occurred with the observer between the sun and the
rainbow and that there could be two parallel bows, perhaps even more.
“In the inner [primary] rainbow the first and largest [outside] band is
red,” he noted, and the colors were reversed in the secondary outer
bow. He explained rainbows as reflections from tiny mirrors—droplets
of water in the sky. “In some [larger] mirrors the forms of things are re-
flected, in others [very small] only their colors,” he asserted. Tiny
droplet mirrors were too small to reflect the entire sun. “But since
something must be reflected in them,” only color appeared.

Aristotle observed that rainbows sometimes also appeared much
nearer, in the spray from oars, for instance, or when “a man sprinkles
fine drops in a room turned to the sun.” In speaking of the rainbow and
reflection, however, he appeared to contradict his theory that light com-
ing into the eye causes vision. Here, he wrote that “sight is reflected
from all smooth surfaces,” as though a visual beam came out of the eye
toward the mirror. Curiously, the philosopher said that air could act as
a smooth reflective surface. “Air must be condensed if it is to act as a
mirror, though it often gives a reflection even uncondensed when the
sight is weak.” As an example, he cited the case of a man with “faint
and indistinct” eyesight who always saw a reflection of himself in the air
as he walked. In this odd example, Aristotle clearly thought vision issued
from the eye and that its quality determined the quality of reflection.

Another anecdote is even more startling, and it, too, contradicts Aris-
totle’s assertion that light goes into the eye rather than flowing from it.
“If a woman chances during her menstrual period to look into a highly
polished mirror,” Aristotle wrote, “the surface of it will grow cloudy
with a blood-colored haze.”

Perhaps because of this waffling, it was a version of Plato’s extramis-
sion theory—that vision resulted from rays emitted by the eye—that
was to dominate scientific thought for more than a thousand years.
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Hellenistic Geometry and Burning Mirrors

Although Athens remained an intellectual haven after Aristotle’s death
in 322 B.C.E., the real action soon moved elsewhere. Alexander the
Great turned to world conquest rather than a career in science, but at
least Aristotle had instilled a proper reverence for learning. Alexander
founded the city of Alexandria in Egypt, where his general, Ptolemy,
who had also studied under Aristotle, built the new city’s huge library
and museum (a combination temple-school) and made Alexandria the
center of learning of the Hellenistic world.

In Alexandria, around 300 B.C.E., Euclid synthesized everything then
known about mathematics and geometry in his great work, Elements of
Geometry. We know almost nothing of Euclid other than his reply to a
potential student who asked him, “What shall I get by learning these
things?” The irritated teacher reputedly told a slave, “Give him three-
pence, since he must make gain out of what he learns.” Euclid also
wrote The Optics, in which he espoused a variant of Plato’s theory that
visual rays issued from the eye. Euclid wasn’t really interested in the
physiology of vision, however, but in its mathematics. He argued that
rays travel in straight lines from the observer’s eye, forming a cone with
the vertex at the eye and the base on the visible object. He also assumed
that the angles of incidence and reflection of a ray on a mirror are equal.
It appears that by Euclid’s time this fundamental law of physics—that
light bounces off a flat mirror at the same angle at which it hits it—was
well known from practical observation, though it was incorrectly envi-
sioned as visual rays going the opposite direction (see Figure 3.1).

Mirror knowledge may have been put to use in a big way during
Euclid’s lifetime. Ptolemy initiated construction of the huge Lighthouse
of Alexandria, one of the Seven Wonders of the Ancient World, on the
island of Pharos. At night, a great fire atop the lighthouse provided a
beacon to sailors. Legend has it that a large curved metal mirror pro-
jected the firelight by night and sunlight by day and that the mirror
could also be used to magnify views of far-off Constantinople. This
early telescopic use seems highly improbable, and sunlight reflected by
a concave mirror would only have incinerated whatever lay at the
focus. A large mirror may have been used at night to make a directed
beacon of the firelight, however.
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FIGURE 3.1 The law of reflection.

The greatest Greek scientist of all, Archimedes, was born in the city
of Syracuse on the island of Sicily in 287 B.C.E. From his father, an as-
tronomer, Archimedes learned a love of math and the heavens, but he
also displayed a more practical bent. In his youth, he traveled to Egypt,
where he invented an ingenious water-screw mechanism that revolu-
tionized irrigation methods. Back in Syracuse, King Hieron continually
pressed Archimedes to apply his intellect to practical affairs; the scien-
tist preferred abstract theory.

The quintessential absent-minded scientist, Archimedes would be-
come so absorbed in thought that he frequently forgot to eat as he
drew geometrical figures in the ashes of a fire or on the oil anointing
his body. He described his original discoveries in geometry, arithmetic,
mechanics, hydrostatics, and astronomy with elegant clarity. We
know from subsequent references that Archimedes wrote a book on
mirrors in which he dealt with reflection and refraction, but it has
now been lost.

Although Archimedes regarded his practical applications as mere
“diversions of geometry at play,” he also wrote that “certain things first
became clear to me by a mechanical method, although they had to be
demonstrated by geometry afterwards.” He probably played with metal
mirrors of various shapes and curves to determine their mathematical
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characteristics, which may have led to one of the last practical applica-
tions of his life.

When Archimedes was in his seventies, the Roman fleet, under the
direction of General Marcus Claudius Marcellus, attacked Syracuse. To
defend his city, Archimedes designed catapults that heaved huge stones
to varying distances, as well as gigantic cranes that could grab nearby
boats, lift them into the air, and then drop them. The frustrated Mar-
cellus marveled at the old man, who, “sitting at ease by the sea, plays
pitch and toss with our ships.” The Roman sailors were so terrified of
Archimedes’ inventions that whenever they saw a piece of rope or wood
projecting over a wall, they would cry out “There it is again!” and flee.

Historians who wrote relatively near the time of Archimedes repeat
these stories, but the story about mirrors arose much later. Archimedes
allegedly arranged mirrors—either flat or concave—to set fire to
Roman ships more than a bowshot away. This legend inspired many at-
tempts to imitate it and thus led to much new experimentation with
mirrors, as we shall see. Although Archimedes did write about parabo-
loid surfaces (the shape of a mirror that directs sunlight to a sharp
focus), it is unlikely that he used just one paraboloid mirror to concen-
trate the sun, since it would have had to be gigantic.*

It’s more likely that Archimedes used multiple flat or slightly concave
mirrors in the form of reflective shields. Given the urgency of the situa-
tion, and the faith that King Hieron placed in his adviser, it is possible
that such mirror-shields were made just for the occasion. With minimal
training, the soldiers could have lined up on the walls of Syracuse and,
when the sun was behind the fleet, directed each separate reflection
onto a designated spot on a ship, with devastating results.

Archimedes’ ingenious devices held off the Romans for three years.
In 212 B.C.E., however, the Romans managed to scale an unguarded
tower and take the city. Marcellus gave orders to capture Archimedes
alive. According to one story, when a soldier found him, the seventy-
five-year-old scientist was absorbed in drawing geometrical figures in

*A parabolic mirror focuses not to a point but to a plane, and the focal plane is
larger, and the light more diffuse, the longer the focal length. When such a mir-
ror reflects the sun, a small replica of the sun appears at the focus. With a longer
focal length, that replica is larger and concentrates less heat.
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the dust, oblivious to all else. When the soldier ordered Archimedes to
come with him, the irritated old man said, “Stand away from my dia-
gram, fellow,” and the enraged soldier killed him.

The Magic of Conic Sections

Modern mirror technology owes a great debt to the Greek obsession
with geometry, particularly the rather odd study of cones, begun
around 350 B.C.E. by Menaechmus, a contemporary of Plato. Picture an
upside-down ice-cream cone whose pointed top makes a right angle (90
degrees). By taking a slice of the cone parallel to its side slope,
Menaechmus produced a curve later named a parabola.

He discovered that he could generate two other interesting conic sec-
tion curves, producing an ellipse by slicing off the top of the cone at an
angle, and a hyperbola by cutting a perpendicular slice.* Hundreds of
years later, these curves, too, would turn out to have important appli-
cations for telescope mirrors. Though Menaechmus generated his conic
sections a bit differently, all three can be shown clearly by cuts through
a cone with a common axis laid point to point (see Figure 3.2).

Once they discovered conic sections, the Greeks, including Euclid
and Archimedes, studied them assiduously. Apollonius of Perga (ca.
262 B.C.E.—ca. 190 B.C.E.), born in Greek Ionia (in modern-day Turkey),
was the first to name the conic sections parabolas, ellipses, and hyper-
bolas. As a young man, Apollonius moved to Alexandria, where he
studied with followers of Euclid. Known as the “Great Geometer,”
Apollonius loved his work, referring to the “prettiest of these theo-
rems” with pride. He proved, among other things, that an ellipse (oval)
has two foci, that the sum of the focal distances to any point on the el-
lipse remains the same, and that a straight line (such as a light ray) from
one focus will “bounce” from any point on the ellipse to the other focal
point.

Oddly, Apollonius didn’t mention the focus of a parabola. That was
left to a contemporary, Diocles, who lived in rural Greek Arcadia. Dur-

*For a hyperbola, it is actually important to picture two cones point to point, so
that the perpendicular slice produces two curves, each with its own focal point.
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FIGURE 3.2

Cutting a cone produces curves
important for reflecting light.
An angled cut through the top of

the cone (B) produces an ellipse.
A cut parallel to the side of the
cone (C) makes a parabola.

A cut perpendicular to the A Circle C Parabola
base (D) makes a hyperbola. B Ellipse D Hyperbola

ing the Hellenistic period, mathematicians often pursued their work in
isolated areas, communicating with one another in letters and through
travel. Diocles explained in his book, On Burning Mirrors: “When
Zenodorus the astronomer came down to Arcadia and was introduced
to us, he asked us how to find a mirror surface such that when it is
placed facing the sun, the rays reflected from it meet a point and thus
cause burning.” In response, Diocles proved that a paraboloid mirror (a
reflective metal surface in the shape generated by spinning a parabola
on its axis) concentrated parallel beams of light at one focal plane.

Of course, burning mirrors were already in wide use, but most of
them were spherical—that is, they were reflective concave sections of a
ball. Diocles proved that in spherical mirrors light beams parallel to the
axis are reflected close to one another but that they don’t meet precisely
on one plane, resulting in what we now call spherical aberration. Thus,
a sphere is not the most efficient shape for a burning mirror (see Figures
3.3 and 3.4).

The Last Flash of Greek Brilliance

Hero of Alexandria was born about fifteen years after Jesus. In ency-
clopedic fashion, Hero wrote practical guides on mathematics, physics,
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Parabaloid Mirror

FIGURES 3.3 and 3.4 Parallel light beams coming straight into a
paraboloid mirror are perfectly focused, unlike a spherical mirror, which
produces spherical aberration.

The focal length of a sphere is half its radius of curvature,
but a sphere does not focus light to a point.
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pneumatics, mechanics, and optics, including detailed instructions for
making remarkable devices such as singing birds, water clocks, coin-
operated vending machines, steam-powered engines, and war machines.
He also wrote Catoptrica, a book entirely devoted to mirrors.
“Catoptrics,” he wrote, “is clearly a science worthy of study and at the
same time produces spectacles which excite wonder in the observer.”
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With the aid of mirrors, he wrote, it was possible “to see our own
backs, and to see ourselves inverted, standing on our heads, with three
eyes, and two noses, and features distorted, as in intense grief.” He
also showed how to make what he called a polytheoron mirror that
displayed “many images.” Hero included a mathematical proof that
angles of incidence and reflection are equal. He also understood that
this law held for convex mirrors: the angles are equal in relation to
the straight line tangent to the curve at the point of reflection.* Hero
noted that two plane mirrors at right angles to one another would re-
verse left and right, thus showing an observer the way they looked to
other people.

Shortly after Hero’s death (around 75 C.E.), another major figure in
optics, Claudius Ptolemy (not Alexander’s General Ptolemy), was born
and lived his life somewhere near Alexandria. Ptolemy is known pri-
marily as the astronomer who created an elaborate model of the uni-
verse with nested spheres and special wheels-within-wheels to account
for the seemingly odd behavior of the planets. He also wrote an Optics
in five books, dealing with mirrors in two of them. Although the first
book is missing, the remaining work is comprehensive and oppressively
detailed. Ptolemy conducted numerous experiments with highly pol-
ished strips of iron bent into spherical convex and concave shapes. Al-
though he relied heavily on Euclid and Hero, he went beyond them in
his attempt to explain complex visual phenomena. He was interested in
mirrors primarily as examples of optical illusions—in them, we see ob-
jects in places where they really do not exist. In a plane mirror, the
image always appears to lie behind the mirror by the same distance that
the real object actually lies in front of the mirror (see Figure 3.5).

Similarly, people looking into convex spherical mirrors always see
images behind the mirror, but they are somewhat distorted, smaller, and
appear to be farther away. Ptolemy treated concave spherical mirrors
last because they are the most complicated. An object placed between
the mirror surface and the mirror’s focal plane appears right side up
and enlarged, with its image behind the mirror. But when placed out-
side the focal plane, the reflected object flips upside down and shrinks

*A tangent is a straight line touching a curve only at one point. Picture a ruler
balanced on a bowling ball.
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FiIGURE 3.5 The illusory image in a plane mirror appears to be behind
the reflecting surface. Note that the mirror must be half the boy’s height for
him to see his whole body.

the farther back it is placed. This image appears in the air in front of the
mirror.

As the Roman Empire declined, so, too, did Hellenistic science.
Theon of Alexandria, whose dates we can approximate because he ob-
served a solar eclipse in 365, revised Euclid’s Optics and may have writ-
ten a book on mirrors (incorrectly attributed to Euclid) that owes a
great deal to Hero’s work. Theon was aided by his daughter, Hypatia,
who was also a scientist and who wrote a commentary on Apollonius’s
Conics. In 415, she was murdered by a Christian mob that was threat-
ened by her “pagan” learning, and none of her work survives.

Hypatia’s death marked the beginning of Alexandria’s decline as a
center of learning, as many other scholars hastily departed. A century
later, Anthemius of Tralles (the architect of the reconstructed Sancta
Sophia Cathedral, with its 100-foot-diameter dome), attempted to an-
swer the question: “How shall we cause burning by means of the sun’s
rays in a given position, which is not less distant than the range of bow-
shot?” As he pointed out, the required distance was too great to allow
a single mirror—unless impracticably large—to do such damage. “But
since Archimedes cannot be deprived of the credit of the unanimous
tradition which said that he burnt the enemy fleet with the rays of the
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sun,” he continued, “it is reasonable to suppose that the problem can
be solved.”

Anthemius proceeded to illustrate mathematically how to build an
approximation of a parabola, using flat mirrors along the tangents of
the paraboloid curve. Through experimentation, he apparently con-
cluded that at least twenty-four mirrors were required to produce com-
bustion. “To avoid giving trouble by enlisting the help of many per-
sons,” however, he suggested a contraption that could be operated by
one man. This consisted of a central hexagonal (six-sided) mirror, with
slightly smaller mirrors attached to each side by leather strips or ball-
and-socket joints, followed by other smaller mirrors attached outward
in concentric circles. By folding the mirrors inward and experimenting,
“combustion will occur at the given position.”

It is possible that Anthemius put his experiment to real use. Accord-
ing to a twelfth-century historian, Anthemius’s teacher Proclus (not to
be confused with the more famous Proclus Diadochus) used burning
mirrors to destroy an enemy fleet besieging Constantinople harbor in
515, nineteen years before Anthemius’s death. If this legend is true, it
seems likely that Anthemius helped his teacher construct the burning
mirrors.

In his book on mirrors, Anthemius also solved another intriguing
problem: how “to cause a ray of the sun to fall in a given position,
without moving away, at any given hour or season.” He accomplished
this (at least hypothetically) with an array of small flat mirrors tangent
to a portion of an ellipse. From Apollonius, he knew that the sum of the
focal distances to any point on the ellipse was constant. From this, he
deduced an ingenious method to draw an ellipse. Hammer two nails
into a piece of wood at the two desired focal points. Place a loop of
string around the nails. Now trace a line with a pencil inside the string,
keeping it taut. The result will be an ellipse.

Anthemius also knew that a ray passing through one focus of an el-
lipse would always bounce from the inner surface and pass through the
other focus. To solve his problem, Anthemius located a “slit or door”
through which the sunlight would enter. Then, taking into account where
the sun fell at the winter and summer solstices, and all places in between,
he drew an ellipse with the slit (sun-source) at one focal plane, with a se-
ries of small mirrors tangent to the ellipse, which always reflected the
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sunlight to the other focus. To avoid having so many little mirrors, he
suggested making “a curved reflector with the required properties.”

Anthemius evidently used his scientific expertise to harass Zeno the
orator, his self-important next-door neighbor. Perhaps using a concave
mirror, Anthemius sent blinding light through Zeno’s windows while
somehow making a thunderous noise to terrify him. He also simulated
an earthquake by piping pressurized steam under the orator’s floor-
boards. When Zeno discovered who was responsible for these practical
jokes, he hauled Anthemius before Emperor Justinian, seeking justice.
The emperor laughed him off, observing that he couldn’t combat the
combined power of Zeus, the God of Thunder and Lightning, and Po-
seidon, the Maker of Earthquakes.

The Arabian Candle

The Christian dogma that condemned magicians and scryers also dis-
couraged scientific inquiry in the West during the early medieval period,
about 500 C.E.~1000 C.E.* Fortunately, Arab scientists valued the in-
quisitive Greek spirit, saving and translating many ancient manuscripts
while advancing the study of mirrors and optics. The first great philoso-
pher of the Islamic world was Alkindi.

Born in the late eighth century, Abu Yusuf Ya’qub ibn Ishaq al-Kindi
pursued a scholarly career in Baghdad under three caliphs, from 813 to
847, before falling out of favor for the last few years of his life; as in
Greece, the precarious life of an intellectual relied on the whims of those
in power. For Alkindi, optics was vitally important. In a sense, he
thought light held the universe together. “Everything in this world,” he
wrote, “whether it be substance or accident, produces rays in its own
manner like a star. . .. Everything that has actual existence in the world
of the elements emits rays in every direction, which fill the whole world.”

*It would be a mistake to condemn all Christianity as antiscientific or anti-intel-
lectual during the early medieval period. “The church was one of the major pa-
trons—perhaps the major patron—of scientific learning,” David Lindberg
stresses in The Beginnings of Western Science. Nonetheless, the monasteries were
dedicated primarily to spiritual pursuits, not science.
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From this basis, Alkindi might have recognized that light rays entered
the eye, but he continued to espouse the extromission theory, as had
Euclid, Hero, Ptolemy, and Anthemius.

More than a hundred years later, however, Abu Ali al-Husain ibn
Abdallah ibn Sina (980-1037), called Avicenna in Latin, finally restored
the Aristotelian theory of intromission. In an unstable political era, Avi-
cenna served various princes as a physician, adviser, and administrator
and was imprisoned at times for supporting the wrong faction. In sev-
eral different books—notably the Kitab al-Najat (Book of Deliverance)
and the Danishnama (Book of Knowledge)—Avicenna systematically
demolished the idea that visual rays shooting out of the eye could ac-
count for vision. Rather, he argued, “the eye is like a mirror, and the
visible object is like the thing reflected in the mirror by the mediation of
air or another transparent body.” This image was then somehow per-
ceived by the soul, or brain. “If a mirror should possess a soul,” he as-
serted, “it would see the image that is formed on it.”

But it remained for Ibu Ali al-Hasan ibn al-Hasan ibn al-Haytham—
Alhacen in Latin—to integrate the anatomical, physical, and mathe-
matical theories into a unified intromission theory of vision. Although
Avicenna and Alhacen were contemporaries, neither appears to have
read the other’s work. Alhacen was born in 965 in Basra, Persia, where
he served as a civil servant, studied science, and read the ancient
Greeks. Apparently he was also an engineer, but when he failed to dam
the Nile to prevent flooding, he feigned madness out of fear of Egyptian
caliph al-Hakim, remaining in prison in Cairo until the caliph’s assassi-
nation in 1021, whereupon Alhacen miraculously regained his sanity.
Freed at the age of fifty-six, he produced more than 100 original works,
including a seven-volume work on optics, Kitab al-Manazir (Book of
Optics), as well as books on paraboloid and spherical burning mirrors.

Alhacen is a pivotal figure in the history of optics. He truly embraced
the experimental method and synthesized the mathematical and physio-
logical theories of vision. While he was imprisoned, sunlight streaming
through the dust particles from a tiny window in his otherwise darkened
cell may have made him ponder the nature of light. He had read Aristo-
tle, Plato, Archimedes, Euclid, Hero, and Ptolemy. Now he began to im-
prove on Ptolemy’s experimental apparatus, seeking theories to fit the
evidence of “the instruments,” as he called his senses.
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To study reflection, Alhacen made seven steel mirrors, “as even and
polished as possible”—one flat, then three pairs of spherical, conical,
and cylindrical mirrors (concave and convex). By placing the mirrors in
a slot in a level wooden base, then surrounding them with a circular
wooden barrier punctured by regular holes, Alhacen could control and
observe the light that entered the chamber and hit whatever mirror was
placed there, and he could precisely measure where it was reflected. He
tried each experiment with different kinds of light—sunlight, candle-
light, colored light admitted through a red screen, “accidental” light re-
flected by an opaque wall. No matter what produced the light, Alhacen
found that it always traveled in a straight line, and it always bounced
from the mirror with equal angles of incidence and reflection.

Alhacen understood that he was studying light itself—not a medium
of transmission or visual rays emitted by the eye. He took the geomet-
rical insights of Euclid and turned them around, sending the rays in the
other direction, with light traveling down a cone from a perceived ob-
ject into the eye. Although Alhacen mistakenly believed that the moon
was a luminous body in its own right, he did understand that every vis-
ible object that is not a direct light source is a kind of mirror, because
light bounces off of it. Otherwise, we wouldn’t see it. Alhacen also un-
derstood that light is a form of heat energy.

Most famously, he posed what has come to be known as Alhacen’s
Problem, which involved reflection from concave and convex mirrors:
“Given a light source and a spherical mirror, find the point on the mirror
where the light will be reflected to the eye of an observer.” Alhacen solved
the problem geometrically through the intersection of a circle and a hyper-
bola. Mathematically, such a proof requires a remarkably complex fourth-
degree equation (i.e., containing an unknown raised to the fourth power).

Alhacen was also one of the first Western scientists to describe a cam-
era obscura, in which light flows into a darkened room or box through
a small hole. An image of an object placed outside the hole is pro-
jected—inverted and reversed—onto the interior wall, a mysterious
process that fascinated medieval writers and artists and that eventually
contributed to an understanding of how the eye works.

Alhacen’s achievements were astonishing, comparable to Archimedes
in terms of practical genius, theoretical rigor, and mathematical sophis-
tication. Arab optics and science went into decline soon after Alhacen’s
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death at age seventy-six around 1040. Warfare among factions de-
stroyed peace and patronage, and the triumph of conservative Islamic
forces discouraged critical thought. A reawakened European spirit of
curiosity and adventure took up the optical tradition.

Universal Light and the Rainbow Connection

In the twelfth century, European travelers and scholars realized that the
Arabs had preserved and expanded the work of the ancient Greeks, and
a rash of translations followed in the next 100 years. Aristotle, Plato,
Apollonius, Euclid, Hero, Ptolemy, and others were translated into
Latin, along with Alkindi, Avicenna, and Alhacen. As a result, scholars
in England, France, Germany, and Italy began to look carefully into
mirrors, seeking answers to the secret of light.

Adelard, born around 1075, was one of the first of these adventurer-
scholars. From his birthplace in rural Bath—a southwestern British
town founded by the Romans—Adelard ventured to France to study
and teach, then traveled extensively throughout Europe and the Middle
East, teaching himself Arabic along the way. Back in Bath, he translated
scientific works from Arabic into Latin, including Euclid’s Elements. He
also wrote Questiones Naturales, an encyclopedia of natural philoso-
phy presented as a lively intellectual dialogue between the well-traveled
Adelard and his stay-at-home nephew. In it, Adelard explained self-
observation in a mirror: a Platonic “visual spirit” zips from the eye to
a mirror, is reflected back to the observer’s face, thence to the mirror
again, and finally back to the eye.

While Adelard’s theory didn’t advance the science of optics, his trans-
lations inspired many others, including Robert Grosseteste, a combative
theologian who helped bring scientific inquiry back into the main-
stream of Catholic thought. Born around 1168 in rural England, Gros-
seteste rose from a poverty-stricken background to excel in the study of
law and medicine at Oxford University, where he became chancellor in
1221. He was appointed Bishop of Lincoln in 1235.

Grosseteste was a keen observer, writing on comets, thunder, falling
leaves, rainbows, eclipses, and mirrors. He learned Greek in order to
translate Aristotle and other ancient authors, and he created an extraor-
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dinary theology of light that made mirrors more than merely reflective
surfaces. According to Grosseteste, light was “the first corporeal form.”
Taking the Book of Genesis as his starting point, he said that the universe
began as one point of light in a formless void. “Multiplying itself and dif-
fusing itself instantaneously in every direction,” this light formed a per-
fect sphere, turning into the “firmament” at its outer limits, then reflect-
ing back in on itself to create the nine heavenly spheres surrounding the
earth. “And thus in a certain sense,” Grosseteste concluded, “each thing
contains all other things,” and everything is ultimately made of light.
Grosseteste explained the law of reflection on mirrors in terms of re-
bounding life forces. Hence mathematics, with its study of “lines, an-
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gles, and figures,” was of ultimate importance. Grosseteste explained
that the intensity of heat and light was due to the concentration of rays,
and he compared the propagation of light to that of sound. Thus, even
though he was motivated by a desire to make science conform to bibli-
cal exegesis, Grosseteste sounded remarkably modern in some ways,
foreshadowing Einstein, the Big Bang, and the wave theory of light.

He also appeared to understand how telescopes might be made, writ-
ing: “This part of optics, when well understood, shows us how we may
make things a very long distance off appear as if placed very close . ..
so that it may be possible for us to read the smallest letters at incredi-
ble distances.” This might be accomplished because “the visual ray pen-
etrating through several transparent media of different natures is re-
fracted where they come together.”

It is unlikely that Grosseteste actually made a telescope. His interest
in refracted light did lead him to conduct experiments, such as concen-
trating sunlight in a water-filled urine flask, and he also made the first
effort to explain rainbows solely by refraction. Ultimately, Grosseteste
regarded mirrors and lenses as religious metaphors. “All created things
are mirrors which reflect the Creator,” he wrote. “Consider the small-
est and most insignificant object in the universe, a speck of dust. ... In
its beauty of form, it is an image of the whole universe. . .. [Now] con-
sider the human mind meditating on the speck of dust. It presents a
mirror of the Trinity in the memory, intelligence, and uniting love
within the human mind.”

Grosseteste never read Alhacen’s work and so continued to believe
that vision was caused by rays leaving the eye. Grosseteste’s disciple,
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Roger Bacon, did read Alhacen and became convinced of the intromis-
sion theory, although Bacon also tried to embrace and synthesize all an-
cient theories, including extromission. This led him into some tortured
logic. For instance, Bacon claimed that the “species,” or form, of an ob-
ject was reflected in a mirror and traveled to the eye. Yet when the sky
was reflected in a still body of water, he asserted that the eye saw it by
putting forth its own species to bounce up toward the heavens.

Bacon was born into a wealthy family around 1219. After studying
at Oxford, he taught in Paris. Around 1247, Bacon began to devote
himself to mirrors and optics, which he considered to be one of the four
primary sciences. Bacon joined the Franciscan order around 1257. Sent
from Paris back to England, where he suffered from ill health, Bacon
chafed under strictures of his new order, which forbade him to publish
without permission. He wrote Perspectiva, his primary work on optics,
around 1263, followed by De Speculis Comburentibus (On Burning
Mirrors), but both remained unpublished until his friend, Pope Clement
IV, solicited his work in 1265. Bacon responded with his Opus Majus
and other works in 1267 and 1268, sending them to Italy.

Though often regarded as the father of experimental science, Bacon
could sound rational and credulous in the same paragraph. He asserted
that life could be prolonged with a tonic of “gold, pearl, flower of sea-
dew, spermaceti, aloes, bone of stag’s heart, flesh of Tyrian snake and of
Ethiopian dragon.” He believed in the efficacy of magic, scrying, as-
trology, and alchemy. His troubles with the church probably stemmed
not from his scientific contributions but from his insistence on these oc-
cult beliefs.

Yet Bacon was also a sophisticated optician and theorist, and he
echoed Grosseteste in predicting the refracting telescope, so that “from
an incredible distance we would be able to read the smallest letters and
count particles of dust and sand.” His work on burning mirrors, relying
heavily on Alhazen, is a masterfully argued mathematical analysis of light
propagation. Bacon understood that paraboloid mirrors focused parallel
beams and that “the mirror contains nothing.” Rather, it reflects light,
which propagates itself through what Bacon termed the “multiplication
of species,” or rapid replication of its form in rays. Moreover, Bacon as-
serted that light has a finite speed, although “the time occupied by a lu-
minous radiation may be so small as to be imperceptible to our senses,
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even when the distance traversed is very great.” He knew that light re-
flects off uneven surfaces. “When the surface is rough, the parts being un-
symmetrical scatter the radiations irregularly, and there is no image. With
smooth surfaces . . . the radiation comes back to the eye uninjured.”

Bacon took issue with Grosseteste’s refraction theory of rainbows,
asserting quite logically that they must involve reflection, since the sun
is always behind the observer in a direct line with the top of the rain-
bow’s arch. Bacon clearly spent a lot of time chasing rainbows in misty
British dawns and twilights, which makes his description of perspectiva
(optics) as “beautiful and delightful” more meaningful. We may imag-
ine his cassock flapping as he ran sideways, forward, and backward,
while always the rainbow remained in the same relative position. He
correctly concluded that “each of a hundred men, facing [away from
the sun], would see a different rainbow, to the center of which his own
shadow would point.”

Each observer would view his private rainbow through different
drops of water. “Each drop of rain in the cloud is to be regarded as a
spherical mirror; these being small and close together, the effect is that
of a continuous image.” That image, like the image in any mirror,
didn’t originate in the reflective surface. Watching a rainbow was tan-
tamount to viewing millions of tiny reflected suns. Bacon was also the
first person to observe that at sunrise or sunset a rainbow’s crest reaches
42 degrees above the opposite horizon. Bacon could not satisfactorily
explain rainbow colors, however, even though he produced a spectrum
through a piece of hexagonal Irish crystal.

Through true piety as well as an awareness of his papal audience,
Bacon stressed the Christian uses of optics. “Mirrors can be so con-
structed and so placed and arranged that one thing will appear to be as
many as we choose.” One soldier’s image could be replicated, appear-
ing as an army to ignorant infidels. Or “mirrors may be erected in ele-
vated positions which may reveal the details of an enemy’s camp.” Such
innovations would be “useful to friends and terrifying to enemies.”

Yet Bacon’s work seemed doomed to oblivion. Shortly after Bacon
sent his writings to Italy, Pope Clement IV died without ever comment-
ing on them. Gregory X, the new pope, was a Franciscan who had
heard all about the troublesome friar. A few years later, Bacon was ap-
parently thrown into prison for “certain suspected novelties”—perhaps
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referring to his belief that astrological conjunctions affected religion,
perhaps because he was extraordinarily abrasive and contentious. He
was released shortly before he died in 1292.* But Bacon had not la-
bored in vain. His work probably influenced Witelo, a Polish cleric, and
John Pecham, a younger British Franciscan brother. For the next 300
years, the works of Bacon, Witelo, and Pecham, backed by Alhazen,
spread the gospel of mirrors and light.

A decade after Bacon’s death, at the beginning of the fourteenth cen-
tury, a German Dominican monk, Dietrich (known as Theodoric in
Latin) of Freiberg, finally solved a major part of the rainbow puzzle.
Having observed them in fountains, waterfalls, and dewdrops on spider
webs, Dietrich concluded that “we will understand [the rainbow] when
we have understood what happens in a single drop of rain or mist.” So
he created a giant artificial raindrop by observing the sun hitting a large
water-filled glass globe. With his eye at a 42-degree angle to the sun-
beam, he saw a red light streaming back to him. Lowering his head a
little, he watched the light turn orange, then yellow, and on through the
spectrum to violet. Not only that, he could see the light beam in the
water. As it entered the globe, the light bent down a little before hitting
the back. There, some of the light departed, but some of it was reflected
internally, as if from a concave mirror. That was the beam that was
again bent a little as it came down to Dietrich’s eye. He had solved the
riddle of the rainbow, concluding that both Grosseteste and Bacon had
been right—light was both refracted and reflected.

Dietrich did not stop there. Lowering his head another few inches, he
saw a fainter violet light coming from the globe, following by the other
colors in reverse order, ending with red. He realized that he was seeing
the equivalent of the secondary rainbow. This time, the sun hit the bot-
tom part of the globe-raindrop, bending up, reflecting off the back, then
ricocheting off the back again before bending down as it departed the
globe at a 52-degree angle to the entering sunbeam. This backward
route explained why the secondary rainbow’s colors were reversed; it
also made sense that it was fainter, since it lost more light with the two
internal reflections (see Figure 3.6).

*Historian of science David Lindberg questions whether Bacon was actually im-
prisoned.
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FiIGURE 3.6 Dietrich of Freiberg figured out how the rainbow
worked. In the bright primary rainbow, the sunbeam enters the top and
reflects once from the back. In the fainter secondary, sunlight enters
from the bottom and reflects twice.

But Dietrich of Freiberg still couldn’t explain the rainbow’s colors sat-
isfactorily. That revelation would have to wait another three centuries.

Natural Magic Comes of Age

Optical theory languished in the fourteenth, fifteenth, and sixteenth
centuries, but craftsmen and magicians continued to make practical ad-
vances, largely ignored by academicians, who looked condescendingly
on lens-makers and mirror-gazers. Yet the “century of magic”—the
1500s, the age of Agrippa, Nostradamus, and John Dee—Ilaid the
groundwork for the Scientific Revolution.

Giambattista della Porta, born into a wealthy Neapolitan family in
1535, showed an early interest in medicine, astrology, optics, and eso-
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teric facts. He and his friends met at his house, forming a society they
called the Academy of Secrets, and the precocious twenty-three-year-old
Porta published Magia Naturalis (Natural Magic) in 1558, though he
later claimed to have written it at fifteen. Porta went on to write books
on cryptography, memory enhancement, optics, physiognomy (the
study of personality as revealed by facial appearance), horticulture, and
palm reading. He also wrote popular plays.

In 1589, the now middle-aged scientist, renowned as a wizard whose
horoscopes and prophecies had gotten him in trouble with the Inquisi-
tion, published a much-augmented second edition of Natural Magic, with
twenty how-to chapters on subjects such as magnetism, farming,
alchemy, fake jewels, cosmetics, perfumes, alcohol, fire, steel-tempering,
cooking, hunting, invisible writing, engineering, practical jokes, and love
potions. The seventeenth chapter offered a treatise on mirrors and lenses.

Like many such works, Porta’s is a maddening mixture of credulity
and folklore with shrewd observation and experiment. “Serpents have
caused fennel to be very famous,” he wrote, “for as soon as they taste
of it, they become young again.” But his work on optics seems to be
largely based on actual experience. “I have often made sport of the
most fair women,” he observed, with his trick mirrors, which could dis-
tort the image to resemble an ass, dog, or sow or could color a face to
give someone jaundice. He explained how to make an “Amphitheatri-
cal” mirror, placing flat mirrors around a circle. “If you set a candle in
the middle, it will seem so to multiply the images rebounding, that you
shall not see so many stars in the sky, that you can never wonder
enough at the order symmetry, and prospect.”

Porta then moved on to concave mirrors, explaining how to find the
focal plane at which a face would be inverted. He realized that burning
paraboloid mirrors could also serve as searchlights: “Set a candle to the
point of inversion, for the parallel beams will be reflected to the place
desired.” Even in the dark, then, “letters may be read, and things done
conveniently, that require great light.” What’s more, you could set up a
kind of time bomb so that when the sun came up it would hit the con-
cave mirror and ignite gunpowder placed at its focus.

The Italian magician explained how a camera obscura worked, liken-
ing the small hole that admitted light to the pupil of the eye. He sug-
gested the use of a lens to focus the scene, and he explained that this
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device provided a good way to observe a solar eclipse. By adding an ap-
propriately placed concave mirror, he found that he could flip and rein-
vert the image so that “above the hole . . . you will see the images of the
things which are outside so clearly and openly that you will never cease
to be delighted and amazed.”

Most intriguingly, Porta wrote “of Spectacles whereby one may see
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very far, beyond imagination,” apparently using a combination of
lenses, though his description is vague and confusing. Did he invent a
refracting telescope? Had the ancients done it long ago, as Porta
claimed when he wrote that General Ptolemy could see enemy ships
600 miles away?

It is possible that Porta made a rudimentary refracting telescope, as he
later claimed. The first spectacles, using convex lenses to help the far-
sighted elderly, were invented in Italy in the late thirteenth century. With
the invention of the printing press and the subsequent increase in literacy,
myopia increased, and by Porta’s time, the lens-grinders were also mak-
ing concave lenses for near-sighted people. In “The Invention of the Tele-
scope,” Albert van Helden argues that Porta and other Italians learned to
combine relatively weak concave and convex lenses to produce mild
magnification, but they thought of them only as another visual aid, not a
way to see “beyond imagination,” as Porta wished to claim.

Porta’s imagination often outran his achievements. His instructions
on how to make a paraboloid mirror, for instance, are laughable, and
his assertion that he could make “a Parabolic Section that may burn to
infinite distance” was preposterous. Porta hid behind mystification and
the supposed need for secrecy lest his magic fall into the wrong hands.
Nonetheless, his Academy of Secrets, shut down by the Inquisition, pro-
vided a model for future scientific societies, and he inspired others to
look more closely at mirrors and lenses.

So did his contemporary, John Dee, who preached the gospel of light,
which he called “the first of God’s Creatures.” Nothing else is “more
important or more excellent than light,” and without it, “the other
forms could do nothing.” Dee idolized Roger Bacon and wrote an en-
tire book (now lost) with the grandiose title, The Mirror of Unity, or
Apology for the English Friar Roger Bacon; in which it is taught that he
did nothing by the aid of demons but was a great philosopher and ac-
complished naturally . . . great works which the unlearned crowd usu-
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ally ascribes to demons. Dee also wrote five lost books on burning mir-
rors, and he praised Archimedes and Proclus for setting fire to ships
with their mirrors. He pondered the mysterious reflective iridescence of
the peacock’s tail and dove’s neck, and he once invited a six-year-old
neighborhood girl to observe a solar eclipse projected through a pinhole
into a homemade camera obscura.

The study of Catoptrike (mirrors), Dee concluded, “hath so many
uses, both marvelous, and profitable,” that it would take him too long
to enumerate them. “The whole Frame of God’s Creatures (which is the
whole world) is to us, a bright glass [mirror]: from which, by reflection,
reboundeth to our knowledge and perception, Beams, and Radiations:
representing the Image of his Infinite goodness, Omnipotence, and wis-
dom.” For Dee, as for Grosseteste, the universe is a gigantic light show,
a mirror of God’s creation, and the outermost heavenly sphere is “like
a concave spherical mirror.” Dee also realized that the eye receives light
rather than emitting rays: “Our senses are not the causes of sensible
rays flowing from things, but are witnesses of them.”

“Strange things are done” with mirrors, Dee asserted. “As, to see in
the Air, aloft, the lively Image of another man, either walking to and
fro: or standing still. Likewise, to come into a house, and there to see
the lively show of Gold, Silver or precious stones: and coming to take
them in your hand, to find naught but Air.”

Dee inspired a younger generation to delve into the scientific myster-
ies of mirrors. “If you were skilled in catoptrics,” he asserted, “you
would be able, by art, to imprint the rays of any star much more
strongly . .. than nature itself does.” What did Dee mean? Perhaps he
foresaw the reflecting telescope. Perhaps he meant only that a scrying
mirror could capture angelic messages. Thrilled to be living in a time
when nature seemed to be on the verge of yielding up her secrets, Dee
sought absurd short cuts, but his ultimate message was triumphant: “Let
us embrace the gifts of God, and ways to wisdom, in this time of grace.”

Among others, Dee inspired his friend Leonard Digges and Digges’s
son, Thomas. An expert in mathematics, optics, astronomy, surveying,
and military engineering, Leonard died in 1559 at the age of thirty-
nine. John Dee took the teenage Thomas Digges under his wing, tutor-
ing him in math and astronomy. The younger Digges continued to re-
vere the memory and genius of his father, and in 1571, when he was
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only twenty-five, he completed and published Pantometria, his father’s
work on geometry, mensuration, and surveying. In it, the younger
Digges made the extraordinary claim that his father “hath by propor-
tional Glasses duly situate in convenient angles, not only discovered
things far off, read letters, numbered pieces of money with the very coin
and superscription thereof . .. but also seven miles off declared what
hath been done at that instant in private places.”

The phrase proportional Glasses could have referred to either lenses or
mirrors, but Digges continued in more detail: “By concave and convex
mirrors of circular [spherical] and parabolic forms, or by pairs of them at
due angles, and using the aid of transparent glasses which may break, or
unite, the images produced by the reflection of the mirrors, there may be
represented a whole region; also any part of it may be augmented so that
a small object may be discerned as plainly as if it were close to the ob-
server, though it may be as far distant as the eye can descry.”

Did the elder Digges invent a reflecting telescope? Or was his son in-
dulging in posthumous exaggeration? No one knows. As we approach
the end of the sixteenth century, however, it is clear that someone is
going to invent the telescope. Intrigued with possible spy applications,
William Cecil, Lord Burghley, Queen Elizabeth’s Lord Treasurer, com-
missioned William Bourne to write a report on optics in 1585 in which
Bourne discussed concave mirrors but deferred to John Dee and
Thomas Digges as ultimate authorities. He said that Digges’s claims
“may be accomplished very well, without any doubt of the matter: But
... the greatest impediment is, that you can not behold, and see, but the
smaller quantity at a time”—that is, you could magnify distant objects,
but only with a limited field of vision.

Opticians had known how to grind lenses to make spectacles ever
since they were invented in Italy in the late thirteenth century, and the
technology of mirror production, as we will see in Chapter 5, was ad-
vancing steadily. Digges could have invented a telescope but kept it
quiet. Among magicians, scientists, and craftsmen, there was a long
tradition of secrecy in order to mystify, maintain a commercial advan-
tage, or prevent one’s methods from falling into the wrong hands. Dee
himself warned his readers that some secrets were “barely credible to a
few wise men” and that no “incautious person” should attempt to
replicate them “to his own harm.”
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While the elder Digges used his hypothetical telescope as an early
theodolite (a surveying instrument), his son would certainly have
turned his to the heavens. He and Dee both wrote about the 1572 nova
that pricked a bright hole in the Ptolemaic universe in which the “fixed
stars” were unchanging, glued to a rotating sphere at a uniform dis-
tance from earth. They were also both Copernicans, though Digges was
more outspoken in favor of a sun-centered universe. Digges was also
the first astronomer to state that the universe extended forever. “This
orb of stars,” he wrote, “infinitely up extendeth . . . garnished with per-
petual shining glorious lights innumerable, far excelling our sun both in
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quantity and quality.” In this “wonderful & incomprehensible huge
frame of God’s work,” Digges observed, we live on a “dark and ob-
scure Terrestrial Star, where, wandering as strangers, we lead, in a short
space of time, a life harassed by varied fortunes.”

Unfortunately, Thomas Digges’s varied fortunes forced him to aban-
don his ecstatic vision of the infinite heavens for politics and guns. He
served in parliament, then sailed to the Netherlands as the master gen-
eral of British forces there. Like his father, he indeed lived a “short

space of time,” dying in 1595. He was forty-nine.

A New Era

As the seventeenth century broke, the science of optics and mirrors had
advanced to the edge of modernity. Men like Digges, Dee, and Porta un-
derstood that human vision took place because light entered the eye,
something like a camera obscura. They understood the geometry of re-
flection and knew something about refraction as well, seeking to apply
this knowledge to the miraculous rainbow. Mirrors and lenses could focus
light either to burn or to magnify an image. They also made haphazard
experiments to understand the workings of light and nature. In the new
century, there would be no more “natural magic.” Many people would
continue to believe in the supernatural, but it would be divorced from the
natural. Unraveling the secrets of nature would become the province of
true experimentalists and theorists, culminating with Isaac Newton.



Chapter 4

THE RATIONAL MIRROR

But to determine more absolutely, what Light is, . . . is not so easy.

ISAAC NEWTON

TH ERE WAS NO CLEAR moment when Magic divided
amoeba-like from Science, when the mirror gave back only the
cold, hard light it received. Rather, there was a gradual movement that
continues to this day, since magical thinking still invades our rational
world, and mirrors haunt as well as reveal. But if a date must be named
in which the true Scientific Revolution began, it would be 1609, the
year John Dee died and both Thomas Harriot and Galileo Galilei first
looked through telescopes.

Thomas Harriot, a young Dee associate, was by far the best British
mathematician of his era. Soon after graduating from Oxford Univer-
sity in 1580, Harriot entered the service of Sir Walter Raleigh, who rec-
ognized that the math wonder could help train his navigators in mak-
ing and interpreting sun and star sightings.

In 1585, Harriot helped found the doomed Roanoke colony in Vir-
ginia, where he learned the language of the native Algonquin tribe.
“This people ... void of all covetousness live cheerfully and at their
hearts’ ease,” he observed. Harriot brought some experimental equip-
ment with him, including “a perspective glass whereby was shown
many strange sights, [and] burning glasses [which] were so strange unto
them . .. that they thought they were rather the works of gods than of
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men.” Harriot’s “perspective glass” was probably a concave mirror, in
which the Algonquin saw themselves distorted or upside down, while

the “burning glass” was likely a convex lens.
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Back in England, Harriot introduced tobacco, which he took as
snuff. Harriot, Raleigh, and their friend Henry Percy, the ninth Earl of
Northumberland (known as the “Wizard Earl”), considered themselves
unconventional “freethinkers” who sought to plumb the mysteries of
the world. In 1592, a sensational pamphleteer wrote “of Sir Walter
Raleigh’s School of Atheism ... and of the Conjurer that is M[aster]
thereof.” Harriot was sure he was the “Conjurer,” while John Dee
thought it referred to himself.

As rumors swirled over the conjurer’s identity, Harriot took up the
serious study of optics. This was made easier in 1595 when the
wealthy Percy admitted the scientist to the landed gentry by giving
him a large piece of land. Harriot devised an elegant solution to Al-
hacen’s Problem, mathematically determining the reflection point on
a spherical mirror. In July 1601, he cracked the long-standing mys-
tery of refraction, using trigonometry to prove that the sine of the
angle of incidence is proportional to the sine of the angle of refrac-
tion. But he published none of his findings, perhaps afraid that he
would be accused of wizardry. King James I locked Walter Raleigh
and Henry Percy in the Tower of London—Raleigh would remain
there until he was beheaded fifteen years later—and Harriot himself
was imprisoned.

Harriot wrote a plaintive letter asking only to “study freely,” and in
a few months he was released. He then hired professional lens-grinder
Christopher Tooke as his assistant in studying light’s color dispersion as
it passed through prisms of glass or crystal. Harriot realized that differ-
ent colors were bent at different angles and computed the refractive in-
dexes from the green to the red part of the spectrum. He also rediscov-
ered Dietrich’s secret of the rainbow, using a crystal sphere to prove
that the rainbow requires both refraction and reflection.

In 1607, a comet (later named Halley’s Comet) blazed across Euro-
pean skies. Harriot and other scientists rushed to observe it, trying to
determine whether it lay outside the moon’s orbit, a position that
would contradict the Ptolemaic scheme of unchanging spheres. Un-
able to tell, Harriot was inspired to concentrate on his optical work,
and within two years he and Tooke had made a telescope, using lenses
held in a leather tube, that magnified normal vision by six times. On
July 26, 1609, Harriot drew a picture of the new moon, the first as-
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tronomical drawing ever made with an instrument to extend human
vision.

Although Harriot went on to make hundreds of observations, to dis-
cover sun spots, and to make other telescopes with magnification up to
fifty times human vision, he didn’t publish anything. “Do you not star-
tle, to see every day some of your inventions taken from you?” his
friend William Lower wrote in frustration in February 1610, begging
him to publish.

Harriot never did. He died in 1621, his nose slowly eaten away by
the cancer caused by his beloved tobacco.

Kepler’s Visions

In October 1606, Thomas Harriot received a letter from Prague, where
Johannes Kepler had heard of the unpublished British optician. Could
Harriot tell him about his views on refraction and the rainbow? Harriot
sent Kepler a table of light refraction through water, wine, vinegar, oil,
and turpentine, but he didn’t reveal the law of sines. The key to the
rainbow, he wrote, lay in refraction and reflection inside a water
droplet. Though the two intellectual giants exchanged a few more let-
ters, nothing much came of it.

This is a shame, since Kepler was one of the greatest minds of the age.
That mind was trapped inside a frail body, subject to fevers and stomach
ailments, attended by myopic vision. Kepler was born premature in Weil
der Stadt, Germany, in 1571 and survived an abusive childhood. At the
University of Tubingen, where he learned Copernican astronomy, Kepler
was commended for his “superior and magnificent mind.”

He would lead a hard, even tortured life: Chronically underpaid,
moving from town to town, hounded by the Counter-Reformation for
his devout Lutheranism, at one point he had to drop his scientific work
as he struggled to defend his seventy-year-old mother against a charge
of witchcraft. In 1630, while trying yet again to find a home for his
family, Kepler died of an acute fever at the age of fifty-eight.

In 1600, Kepler joined the irascible, brilliant astronomer Tycho
Brahe in Prague as his assistant, and when Brahe died the following
year, Kepler took over as the Imperial Mathematician for Rudolph II.
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Kepler threw himself into his lifelong task of compiling Brahe’s obser-
vations into useful tables, but he was also determined to understand
how the planets really moved. Eventually, he realized that the planets’
orbits were gigantic ellipses with the sun at one focus. Thus, Kepler lib-
erated the planets from their fixed positions on mythical spheres, send-
ing them careening through space, speeding up as they approached the
sun, retarding as they swung farther away. He hypothesized that a turn-
ing, magnetic sun spun them on their way.

Before coming to this conclusion, however, Kepler revolutionized the
study of optics. He realized that the behavior of light itself, and its per-
ception by the human eye, was crucial to astronomical observations. He
had to take account of the refraction of light by the earth’s atmosphere
to know precisely where a planet was actually located, and he also
wanted to understand the miracle of vision. With dogged thoroughness,
he studied Witelo and Alhazen. Kepler once wrote that his soul “seeks
its way through tough brambles and is entangled in them,” but he took
a perverse delight in difficult tasks. “To walk over rugged paths uphill,
through thickets, is a feast and a pleasure to me.”

The book resulting from his studies—modestly titled Ad Vitellionem
Paralipomena (Supplement to Witelo) but always referred to by Kepler
as “my Optics”—was published in 1604. Following Grosseteste and
Dee, Kepler considered light “the most excellent thing in the whole
corporeal world . .. and the chain linking the corporeal and spiritual
world.” Like Dee, Kepler was a profound believer in astrology, mysti-
cal mathematical harmonies, and a living universe of which we are but
a microcosm. Kepler likened the sun to an animal’s heart, wherein beat
a soul alight. He believed that light traveled instantaneously with infi-
nite speed, and he defined reflection as light’s “rebound in the direction
opposite to that whence it approached.” He also regarded light as a
form of heat: “For light alone is always and everywhere accompanied
by some heat, according to the measure of its brightness.”

Kepler’s third chapter (“The Foundations of Catroptrics and Place of
the Image”) was on mirrors. With great glee, he corrected Ptolemy’s
misconception that the image always appeared to lay on a line dropped
perpendicularly from the viewed object to the mirror. Although that
was true for flat mirrors, it wasn’t for convex or concave. Kepler pro-
ceeded to give “the true cause of the place of the image, ignorance of
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which is a disgraceful stain in a most beautiful science.” The image was
an optical illusion that, “as regards place, [is] torn away from its ob-
ject.” But Kepler did not always get things right himself, claiming that
“in convex mirrors the image appears to be both smaller and nearer,”
when in fact such images appear to be farther away.

Kepler’s real triumph, however, was to follow Giambattista della
Porta’s hint that vision worked similarly to a camera obscura. Felix
Platter, a German professor of medicine, had recently published an
anatomy book, which Kepler read, suggesting that the retina, at the
back of the eye, was the crucially sensitive instrument that recorded
visual impressions. Until then, virtually every optical writer had fol-
lowed Galen (ca. 129-ca. 199 C.E.) in considering the ocular lens
called the crystalline humor as the screen upon which pictures were
formed. Porta himself had thought the same thing. Acknowledging
his debt to the “most ingenious Porta,” Kepler nonetheless corrected
him, surmising that the pupil acted like the pinhole of a camera ob-
scura and that the admitted light was focused by the crystalline
humor to form an inverted image on the retina. He introduced the
term focus to describe the convergent point or plane of refracted or
reflected light.

Wisely, Kepler stopped there. In his mirror chapter, Kepler had al-
ready pointed out that the brain’s perception of an image was “torn
away from its object.” Clearly, the brain was capable of mentally flip-
ping that inverted image so that it perceived it as upright—but how it
did that wasn’t Kepler’s affair.

Despite his difficult life, Kepler never relinquished hope. He once de-
scribed the view from a high mountain, looking down on scenery of
“incredible brightness,” delighting in the greens of the meadows and
fields, the red of newly plowed soil. A twisting river gleamed like a jew-
eled serpent. “Overflowing into pools and turbid, [it] easily overcame
the dimming brightness of the earth with its exceeding splendor.” How?
The glory could not result from “simple reflection,” since the sun was
not at the appropriate angle. He realized with joy that he was viewing
“the brightness of the air by day . .. bounced back to me on the moun-
tain from the smooth surface of the water.” God’s entire creation vi-
brated with light, and from the mountaintop it was obvious that the
earth itself was a gentle mirror.
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“A Vast Crowd of Stars”

On July 19, 1609, an underpaid, frustrated, ambitious, middle-aged
Italian professor of mathematics at the University of Padua left to visit
friends for a week in nearby Venice. While there, he heard rumors of
newly invented Dutch spectacles “by means of which distant objects
might be seen as distinctly as if they were nearby.” Galileo Galilei
rushed back to Padua to work out what combination of lenses might
work.

The refracting telescope Galileo was trying to emulate had been in-
vented by Hans Lippershey, an obscure Dutch spectacle-maker, in Oc-
tober 1608. Two children playing with lenses in his shop had noticed
that the weathervane of a nearby church looked a lot bigger if they held
two lenses up in a certain position. Putting the lenses in a tube, Lipper-
shey promptly applied for an exclusive patent. But word got out,
spreading across Europe. A salesman was hawking one of the Dutch in-
struments in Padua while Galileo was in Venice.

Returning to Padua, Galileo worked late into the night testing differ-
ent lens combinations. “I solved it,” he wrote succinctly, “and on the
following day I constructed the instrument.” He placed a plano-convex
lens at the far end of a lead tube and a plano-concave lens near the eye,
producing a noninverted image. Six days later, he took an improved
model featuring his own hand-ground lenses to Venice to demonstrate
how people could discern approaching ships that were still far out to
sea. For the city of canals, the telescope was a miracle that could help
trade and warn of approaching enemies.

Galileo soon abandoned Padua for his native Florence, where he had
wangled a post as Chief Mathematician and Philosopher to Cosimo de
Medici, the Duke of Tuscany. But the ever-curious scientist wasn’t con-
tent just to look for ships with his telescope. “Forsaking terrestrial ob-
servations, I turned to celestial ones,” he wrote in Sidereus Nuncius (The
Starry Messenger), published in March 1610. “It is a very beautiful
thing, and most gratifying to the sight, to behold the body of the moon,”
even though his telescope revealed that the moon was not a perfect mir-
rored sphere but “rough and uneven, covered everywhere, just like the
earth’s surface, with huge prominences, deep valleys, and chasms.”
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The observer also deduced that the dim light illuminating the shad-
owed portion of the moon came from sunlight reflected off of the earth—
earthshine. Kepler had realized the same thing. Our entire world was it-
self a celestial mirror, part of the luminous, grand waltz of the universe.
“The earth must [not] be excluded from the dancing whirl of stars,”
Galileo asserted. Rather, the earth was “a wandering body surpassing the
moon in splendor, and not the sink of all dull refuse of the universe.”

Galileo then turned his telescope on the Milky Way. “The galaxy is,
in fact, nothing but a congeries of innumerable stars grouped together
in clusters. Upon whatever part of it the telescope is directed, a vast
crowd of stars is immediately presented to view.” Finally, Galileo re-
vealed his most startling discovery. On January 7, 1610, while looking
at Jupiter, he noticed three new stars lined up with it. The next night,
they had moved. After many nights’ observations, he concluded that
Jupiter itself had four moons, thus proving that the Ptolemaic universe
was dead. “All the disputes which have vexed philosophers through so
many ages have been resolved,” the ebullient Galileo declared, “and we
are at last freed from wordy debates about it.”

Not exactly. Although Kepler warmly supported Galileo’s work, oth-
ers strove to save Ptolemy and Aristotle from this heretic by asserting
that the moon’s mountains were encased in an invisible crystal sphere so
that it only looked as if it were imperfect. Critics mounted similar at-
tacks on sunspots, the unsightly blemishes on the solar complexion that
Galileo discerned. The Roman Catholic Church, which initially had
been supportive, even enthusiastic, gradually turned against the loud-
mouthed scientist. In 1633, at the age of sixty-nine, Galileo was hauled
before the Inquisition, forced to recant his Copernican beliefs, and
placed under house arrest for the rest of his life. He slowly went blind
but still managed to write his masterwork on mechanics. Just short of
his seventy-eighth birthday, he died at his villa in Florence, having trans-
formed the universe.

Despite Galileo’s fate, it would be misleading to portray all contem-
porary religious figures as reactionaries. One of his most ardent admir-
ers was Bonaventura Cavalieri, a Jesuit who studied under Benedictine
monk Benedetto Castelli, himself a former student of Galileo. Having
mastered Euclid, Archimedes, and Apollonius, Cavalieri became one of
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FiGURE 4.1 Marin Mersenne’s two
proposed reflecting telescopes.

the era’s leading mathematicians. In 1632, the year before Galileo was
tried by the Inquisition, Cavalieri wrote Lo Specchio Ustorio (The
Burning Mirror), in which he discussed whether Archimedes could have
burned the ships at Syracuse, and in which he theorized that a reflecting
telescope could be built. Twenty years later, another Roman Jesuit, Nic-
colo Zucchi, claimed that he had proposed the use of a concave mirror
in a telescope, with a lens as an eyepiece, back in 1616.

Because it was well known that a concave mirror produced an en-
larged image, putting such a mirror into a telescope was an obvious
step. Galileo tinkered with the idea, too. But none of them could over-
come a major problem: How could you see anything in the mirror if
your head was blocking the view?

In 1636, the mathematician Marin Mersenne—a monk of the Minim
order, whose members humbly called themselves the least of the reli-
gious—proposed an ingenious solution. In two designs for a reflecting
telescope, Mersenne proposed drilling a hole in a large primary parab-
oloid mirror and placing another, smaller paraboloid mirror in front of
it to reflect the light back through the hole to the eye. True, the smaller
mirror would block some of the incoming light, but most of it would be
redirected to the eyepiece at the end of the telescope, where people were
used to viewing the heavens with refractors (see Figure 4.1).

In one of his designs, a small secondary concave paraboloid set be-
yond the focal plane would intercept the light and reflect it through the
hole in parallel rays. In the other, a secondary convex mirror, set before
the primary focus, reflected the rays back through the hole, though
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Mersenne apparently didn’t realize that a paraboloid shape wouldn’t
quite work here—it required a hyperboloid to bring the rays to a focus.

For years, no one followed up on Mersenne’s innovative designs, in
large measure because the art of mirror-making couldn’t yet produce
workable models, but also because René Descartes, one of Mersenne’s
most influential correspondents, dismissed the mirror arrangements and
tried to dissuade his friend from pursuing his silly ideas.

Descartes’ Clockwork Universe

Enormously self-confident, brilliant, and as often wrong as he was pre-
scient, René Descartes was almost single-handedly responsible for
plunging European intellectual culture into a mechanistic universe in
which magic was firmly dissociated from science. Mirrors and lenses in
this world helped scientists understand light as simple cause and effect.

Born in 1596 as his mother died, Descartes inherited enough money
so that he never had to work. Sent to a fine French Jesuit school, the
sickly, spoiled Descartes was allowed to stay in bed all morning, where
he read, meditated, and learned to doubt everything other than mathe-
matics, “because of the certainty of its demonstrations.” He was only
fourteen when Galileo’s Starry Messenger changed the universe, and
Descartes became the ultimate representative of a new generation dis-
missive of ancient doctrines and eager to define its own truths.

On November 10, 1619, the twenty-three-year-old “remained all day
alone in a heated room,” where he had “complete leisure to review my
own ideas.” He concluded that “the simple reasoning that a man of
good sense can naturally make about things which he experiences” was
infinitely better than tradition.

But Descartes considered that he was too young and inexperienced to
arrive yet at his own system. “During all the following nine years, 1
wandered here and there in the world, trying to be a spectator rather
than an actor.” In 1628, he moved to the Netherlands, where he re-
mained for the next two decades. By 1633, he had written his master-
work, Le Monde, ou Traité de la Lumier (The World, or a Treatise on
Light), in which he proposed his own cosmology of how the universe
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had evolved from primeval chaos. He posited a God who “did nothing
except lend His ordinary support to nature, and left it to act according
to the laws which he established.”

Those laws had a great deal to do with the behavior of light—“what
sort of light would be found in the sun and the stars, and how from
there it would traverse the immense spaces of the heavens in an instant,
and how it is reflected from the planets and comets toward the earth.”
But just as he was prepared to publish, word arrived that the elderly
Galileo had been hauled before the Inquisition. Descartes dared not go
to press with his Copernican cosmology. His book remained unpub-
lished in his lifetime.

Four years later, Descartes published a more modest text incorporat-
ing four short works, the Discourse on Method, Optics, Geometry, and
Metrology. In the Discourse, he revealed the logical methodology used
in the accompanying scientific works: “The first [principle] was never to
accept anything as true that I did not know evidently to be such ... so
clearly and so distinctly that I had no occasion to place it in doubt.”
From these a priori truths he could deduce, as in a mathematical proof,
everything else. In effect, he was attempting to become a second Aris-
totle, a great systematizer—and like that of his Greek forebear,
Descartes’ system was fatally flawed. “There can be [no truth] so re-
mote that we cannot eventually come upon it or so hidden that we can-
not discover it,” he declared. Despite his self-confidence, Descartes’
self-evident truths, as well as his deductions, weren’t always true.

Yet they weren’t always wrong. Among other things, he invented an-
alytical geometry. He explained the laws of mirror reflection, revealed
the sine law of refraction, provided a working model of the eye, ana-
lyzed the way hyperboloid and ellipsoidal lenses focused light, sug-
gested improvements in refracting telescopes, and explained how rain-
bows were formed.

It is unclear how much Descartes owed to previous researchers, since
he seldom gave any credit. He repeated the rainbow experiments of Di-
etrich of Freiberg, expounded Kepler’s theory of reversed images on the
retina as his own, and failed to acknowledge that both Thomas Harriot
and Willibrord Snel, a Dutch scientist, had already discovered the sine
law of refraction. Yet it is possible that Descartes rediscovered every-
thing independently. Although his deductive approach could mislead
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him, he also realized the value of experiments, noting, that “they be-
come more necessary in proportion as our knowledge advances.”

He dissected human cadavers, dogs, cats, rabbits, and fish to learn
anatomy. In order to prove that human vision functions like a camera
obscura, he plucked out the “eye of a newly deceased man” and care-
fully scraped away the back until only the thin retina remained. In a
darkened room, he held the eyeball up to a hole, covering the retina
with thin white paper to form a screen. Looking into daylight, he saw
there, “with admiration and pleasure,” the upside-down scene refracted
through the eyeball. By gently squeezing the eyeball, he found that he
could adjust the focus.

What Descartes couldn’t ascertain by experiment, however, he made
up. The picture formed on the retina was carried by “animal spirits,
which are like a very subtle wind or air,” into the brain to the pineal
gland, where the soul, or “common sense,” reconstructed it. “Some-
times the picture can pass from there through the arteries of a pregnant
woman,” Descartes continued, “right to some specific member of the
infant which she carries in her womb, and there forms birthmarks.”

More plausibly, Descartes defined light as “a certain movement or
action, very rapid and very lively.” He couldn’t explain its “true na-
ture,” so he approached it by way of three somewhat contradictory
analogies. First, it travels instantaneously. Just as a blind man’s cane
immediately feels what it touches, light from an object hits the eye.
Thus, Descartes dismissed “those small images flitting through air”
that Democritus and Bacon hypothesized. Next, he compared the
transmission of light to half-pressed grapes in a wine vat in order to ex-
plain a “very subtle and very fluid material, extending without inter-
ruption from the stars and planets to us,” through which light traveled.
Finally, he asked his readers to think of light particles as little tennis
balls. His book featured an illustration of a midget tennis player hitting
tiny balls onto a mirror, where they bounced in a graphic display of the
law of reflection.

Descartes used his tennis balls to explain refraction as well, although
he somehow concluded that light, unlike tennis balls, bends in water
and glass because it travels faster than in air. He explained colors rather
ingeniously—they are caused by giving a different spin to light particles,
just as a tennis player can slice a ball or give it topspin. When studying
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rainbows, he sent sunlight through a prism to produce a spectrum. Baf-
fled, he pictured “small balls rolling in the pores of earthly bodies . . . in
various ways according to the various cases which determine them.”
The rapidly spinning particles are red; the slower are yellow, green, and
blue. “I do not believe it possible,” Descartes concluded, “to doubt that
the matter is as I have just explained it.”

In 1649, Descartes finally abandoned his happy seclusion to become
the Royal Philosopher for Queen Christina of Sweden, a twenty-three-
year-old bundle of energy who sometimes spent ten hours in the saddle
and who demanded the same brisk commitment from her retinue. With
a lifelong habit of lolling abed until midmorning, Descartes suddenly
found himself teaching classes at 5 A.M. Within a few months, he de-
veloped pneumonia and, after extensive bloodletting, died in Stockholm
in February 1650, just short of his fifty-fourth birthday.

Descartes left behind a mixed legacy. “Neither through the promises of
an alchemist, nor the predictions of an astrologer, nor the impostures of a
magician” could truth be found. Cartesians, as his followers called them-
selves, relied only on what was undoubtedly true. Taken to their extreme,
Descartes’ ideas led to a terrifying nihilism in which nothing was certain.
The senses could be deceived, as dreams, optical illusions, and trick mir-
rors showed, and so the world itself, and the body, might be illusory.
There might be no God. “What am I?” Descartes asked in desperation.
Unable to tolerate the ambiguity, he asserted that he knew he existed be-
cause he could think, famously stating, “I think, therefore I am.”

He managed to “prove” that God existed, too, and that He had
placed an immortal soul into man’s mortal body, inserting it in the
brain’s pineal gland. This soul, this ability to think, was all-important
to Descartes, and it distinguished humans from other animals. We
could and should, therefore, “make ourselves the masters and posses-
sors . .. of nature.”

Essentially, then, Descartes split the mind from the body as well as
science from religion. Cartesian dualism made the universe rather
bleak, a clockwork mechanism over which a distant God presumably
presided but that could all be explained rationally and manipulated
without recourse to Him. As for mirrors, you could bounce tennis balls
off them, but they were no longer magical. Neither, Descartes ruled,
could Archimedes have used them to set fire to the ships at Syracuse,



The Rational Mirror 93

and they were useless in telescopes. For a long time, the influence of
Descartes discouraged much mirror research.

Athanasius Kircher’s Ecstatic Journey

One unabashed Archimedes fan wasn’t discouraged, though, and he
chose not to live within Descartes’ sterile new universe. For the flam-
boyant Athanasius Kircher, the world was marvelously alive, light was
“the exuberance of God’s great goodness and truth,” and mirrors were
glorious means to reflect that truth. One of his books, The Ecstatic
Heavenly Journey, featured Kircher romping through the starry universe
with Cosmiel, his angelic guide, in a “fictitious rapture,” but Kircher’s
real journey on earth had more than its share of ecstasy and terror.

Kircher, the last of nine children, was born in Fulda, Germany, in 1602.
He survived a childhood swim through a churning mill wheel and near-
fatal scrapes while traveling around Protestant Europe during the Thirty
Years’ War. By 1633, Kircher, a Jesuit priest, was teaching mathematics,
philosophy, and oriental languages at Avignon, in his spare time studying
Egyptian hieroglyphics, setting off fireworks, making little mechanical cu-
riosities, playing with magnets, and observing sunspots with a telescope.
He designed a planetarium, using mirrors to direct sunlight and moonlight
into a tower at the Jesuit college. He arrived in Rome as a professor of
mathematics in 1635, just two years after Galileo’s trial there.

Following the tense trial, the mood in Rome was still somber. The
pontiff and his cardinals were ready for a little diversion, and Kircher
gave it to them, assembling a museum of curiosities to match that of
Rudolph 11, including a stuffed crocodile, skeletons, geodes, ostrich
eggs, telescopes, microscopes, and oddly shaped mirrors.

One of his illusions with a hidden mirror showed water pouring up-
ward into a “watery heaven.” Another featured a “catoptric theater” in
which greedy viewers reached out to grab gold pieces, only to find their
hand grasping air. Kircher put a cat into this mirror box, where it at-
tempted to entice or claw its illusory fellow felines until it yowled in
“indignation, rage, jealousy, love and desire,” as one observer noted.

Kircher gave public talks and demonstrations, featuring one of the
first magic lantern shows in which he projected an image of a soul in
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Purgatory, with the candlelight source providing a realistic flicker.
Kircher sent up dragon-shaped hot-air balloons with “Flee the Wrath of
God” painted on their bellies and put on a Baroque light show, flashing
beams over hills and down into valleys with oddly shaped mirrors.

For the next four decades, Kircher entertained Rome and the world,
churning out more than forty lavishly illustrated books on an astonish-
ing range of topics, including magnetism, optics, geology, astronomy,
music, archaeology, theology, medicine, philology, and natural history.
He was fond of quoting Plato: “Nothing is more beautiful than to know
everything,” and he certainly tried, learning two dozen languages. He
left Rome only once, going on a trip to Sicily and Malta. When Mount
Etna erupted during his visit, the ever-adventurous Kircher climbed
down into the crater to make a sketch of the lava pouring out. In Sicily,
he was eager to see the harbor of Syracuse and pleased to discover that
Roman ships could have come within thirty paces of shore.

Back in Rome, Kircher set up an experiment, reflecting sunlight
onto a target more than 100 feet away, first with one, then two, three,
four, and five flat mirrors. With four, the heat was just bearable; with
five, his assistant couldn’t stand in it comfortably. Like Anthemius be-
fore him, Kircher concluded that Archimedes could have burned ships
with enough properly directed flat mirrors. In 1646, he wrote Ars
Magna Luci et Umbrae (The Great Art of Light and Shadow), in
which he discussed this experiment, described his magic lantern, de-
tailed the workings of a camera obscura, and pondered the cause of
the firefly’s glow and other phosphorescence. He demonstrated how
an object placed inside a reflective hollow cylinder, when viewed
aslant, appeared to be floating in the air at the top of the cylinder. He
created a lovely natural clock by floating a potted sunflower in a tub
of water, with a stick in the flower pointing to the correct time as it
followed the sun across the sky.

He dared to depict the sun not as a perfect crystalline sphere but as an
erupting ball of fire, “a fiery, rough, and uneven body.” After devoting
an entire chapter to the color of angels, Kircher burst forth with a Neo-
platonic ode to light: “What else is [light] in Heaven if not the abun-
dance of life among the Angels, and . . . the laughter of the Heavens?”

In his long life, the enthusiastic Kircher got a lot wrong. Insects are
not spontaneously generated in animal dung, all languages did not de-
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scend from Hebrew, cavernous lakes do not lie under great mountain
ranges, and there are no dragons, mermaids, or griffins. But he also
pointed the way to modern bacteriology, hinted as broadly as he could
(under the circumstances) that the planets moved around the sun, and,
mostly, encouraged experimentation and openness to life.

The 600-Foot Telescope and Monstrous Insects

Athanasius Kircher’s telescope contained no mirrors; neither did any-
one else’s for most of the seventeenth century. Refracting telescopes
ruled. In 1610, Johannes Kepler had suggested an improvement over
the Galilean device. Why not use two convex lenses, he said, rather
than a convex and a concave? By allowing light to focus and cross
within the telescope, in front of the second lens, viewers could gain
greater magnification and a larger field. Although this meant that the
view would be upside down, that made little difference to sky-watchers,
and Keplerian telescopes eventually became popular.

But there were two problems. The easiest lenses to grind were spher-
ical, because rubbing two hard surfaces together at random—for a long
time with water and grit between them—naturally produces a concave
spherical curve on the top piece and a convex spherical curve on the
bottom. Light refracted through spherical lenses does not focus pre-
cisely, producing spherical aberration. Descartes was right in calling for
hyperbolic and other aspheric shapes, but they weren’t so easy to make,
and no one knew how to test them.

The second problem was even more intractable and inexplicable.
Not only did the stars look a bit fuzzy; they were surrounded by a
strange halo of colors, and the stronger the lens—the more curved and
the shorter the focal length—the worse was this effect, called chro-
matic aberration. The solution was longer telescopes, with flatter
lenses, ground just enough to bend the light to a very long focus. That
way, both types of aberration, though present, weren’t too disruptive,
and the image size increased, albeit with a slight decline in image
brightness.

Two Dutch brothers, the sons of an intellectual diplomat who corre-
sponded with Mersenne and befriended Descartes, pioneered longer
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telescopes, spurred on by their curiosity about Saturn. Galileo and
Kircher had both called attention to the “arms” of Saturn, fuzzy at-
tachments that came and went mysteriously. In an effort to resolve the
matter, Christiaan and Constantijn Huygens, then twenty-five and
twenty-seven, respectively, devised an improved method of grinding
and polishing lenses.* Christiaan was primarily a theoretician, his
brother an expert craftsman. In March 16585, the brothers hoisted a 12-
foot-long refracting telescope with a 2-inch aperture toward Saturn,
and they discovered Titan, the brightest of Saturn’s moons.

Toward the end of the year, they used a 23-foot telescope that re-
vealed a dark line on Saturn. In January 1656, they erected an enormous
123-foot telescope, holding it up with a big pole and adjusting it with
ropes and pulleys, but they still couldn’t see any appendages to Saturn.
In October, however, something like a thin plate opened out, and by
1657 the fascinated Huygens boys could clearly see the miraculous halo
that has seduced and inspired astronomers ever since—“a ring, thin,
plane, nowhere attached,” as Christiaan Huygens wrote in his 1659
book, Systema Saturnium. They hadn’t been able to see it before because
the rings had presented a razor edge to earthly observers. The Huygens
siblings also observed stars lighting up the gorgeous Orion Nebula.

A wealthy Polish brewer named Johannes Hevelius read Huygens’s
account, which included a description of his ever-lengthening tele-
scopes. Hevelius had a home observatory in Danzig that he had named
Sternenburg (Star City), and in 1647 he had published Selenographia,
the first complete lunar atlas. Now he ordered telescopes constructed of
60 and 70 feet and, finally, a 150-foot monster composed of wooden
slats connected by round black rings, suspended from a 90-foot-high
mast and operated by a group of assistants hauling on various guy
ropes. Its objective lens had a diameter of 8 inches.

The telescope never worked very well, due to wind, wood warp, and
rope stretch. Keeping the lenses aligned and aimed in the right direction
was incredibly difficult, which may explain why Hevelius reverted to

*By this time, Christiaan Huygens had already exchanged letters on scientific
subjects with Marin Mersenne, but they didn’t concern Mersenne’s ideas about
reflecting telescopes, and there is no evidence that Huygens ever considered using
mirrors rather than lenses.
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the naked-eye observations of Tycho Brahe for positional determina-
tions. On one of his engraved title pages, Hevelius inscribed: “I prefer
the unaided eye.”

Christiaan Huygens responded by eliminating the tube. He mounted
his object-glass in a short iron tube mounted with a ball-and-socket joint
to a tall pole, then held the eyepiece in his hand. By moving around and
manipulating the higher lens with a rope, he could make relatively good
observations, though stray light and atmospheric turbulence interfered.
As the century progressed, craftsmen in Italy, France, and Holland
ground lenses with ever-longer focal lengths. Constantijn Huygens made
one with a 210-foot focus. Not to be outdone, French scientist Adrien
Auzout made lenses of 300- and 600-foot focal lengths and speculated
that with magnifications of 1,000 he might see animals on the moon.

In this spirit of scientific ferment, with new worlds opening up
through exciting technological breakthroughs and experiments, learned
societies and national observatories sprang up. Instead of working in
isolation, scientists traded ideas, and the pace of discovery picked up,
along with ego clashes and arguments over who could claim important
insights. In England, the Royal Society evolved from informal weekly
meetings in Cromwellian Oxford to a formal London charter in 1662
under King Charles II, recently restored to the throne. Three years later,
Adrien Auzout convinced Louis XIV to construct I’Observatoire Royal,
where the first director, Italian-born Jean-Dominique Cassini, peering
through midlength refracting telescopes (17 feet and 34 feet), discov-
ered four more moons of Saturn, as well as a gap in Saturn’s ring that
came to be known as Cassini’s Division. In 1666, the Académie Royale
des Sciences commenced in Paris, and founding member Christiaan
Huygens moved there.

Along with new discoveries in the heavens came wondrous revela-
tions in the microscopic world. In 1665, Robert Hooke, one of the
founding members of the Royal Society, published Micrographia, fea-
turing his startling drawings of gigantic insects, forest-sized mold, and
air spaces in a slice of cork that Hooke called “cells,” since they re-
minded him of the small rooms in monasteries. Unfortunately, Hooke’s
compound microscope (using two or three lenses) suffered badly from
chromatic aberration, worsened by every additional lens. That is why
Antonie van Leeuwenhoek, a Dutch draper, could see “animalcules”—
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protozoa, bacteria, and spermatozoa—better with his tiny single-lensed
microscopes, as Hooke had to admit. Still, he hated van Leeuwenhoek’s
tiny devices, which he found “offensive to my eye.” Many things and
people offended Hooke throughout his life.

Born on the Isle of Wight in 1635 as the son of a minister, the sickly
Hooke suffered awful headaches when he studied theology, but he was
a natural mechanical genius. At Oxford, Hooke served as Robert
Boyle’s assistant, making an effective air pump to produce a vacuum. In
1662, upon the founding of the Royal Society, he was appointed Cura-
tor of Experiments, providing hundreds of demonstrations and inge-
nious mechanisms at subsequent meetings. A brilliant experimentalist,
Hooke was an indifferent theoretician, and his confrontational manner
alienated many people, including poor old Hevelius, whom Hooke took
to task for his naked-eye observations.

Hooke’s pugnacity may have stemmed in part from his physical ap-
pearance. “He is but of midling stature,” wrote one acquaintance,
“something crooked.” He apparently suffered from scoliosis. London
diarist Samuel Pepys observed that he “is the most and promises the
least of any man in the world that ever I saw.”

Hooke spewed forth ideas and experiments involving blood transfu-
sion, mechanics, cartography, skin grafting, optics, botany, geology,
clocks, engines, telescopes, and microscopes. In Micrographia, he es-
poused a vague theory of light, defining it as “pulses of motion.” He
also wrote about the colorful reflections of soap bubbles, thin pieces of
mica, and air between sheets of glass, though his attempt to account for
the colors was not convincing. To shorten the absurd length of refract-
ing telescopes, Hooke suggested bouncing the long beam required with
two or three flat mirrors within a shorter scope, but he never built a
working model.

Meanwhile, in Scotland, James Gregory resurrected Mersenne’s idea
of a reflecting telescope with a hole in the primary paraboloid mirror.
Gregory published his Optica Promota in 1663. “Moved by a certain
youthful ardor,” he wrote, “I have girded myself with these optical
speculations, chief among which is the demonstration of the telescope.”
After detailing fifty-nine theorems on the reflection and refraction of
light, the twenty-five-year-old proposed a small secondary concave el-
lipsoid mirror that would re-reflect the light to the ellipse’s second focal
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FIGURE 4.2 Gregorian telescope.

plane in the middle of the hole in the primary mirror and thence to an
eyepiece (see Figure 4.2).

Gregory commissioned a London optician to make the mirrors, but
the results were abysmal. He hoped to find Italian craftsmen who could
make the requisite mirrors and in 1664 ventured to Rome and Padua.
Giving up on his telescope, he studied mathematics at the University of
Padua, eventually returning to Scotland to teach math. There, he turned
a bird’s feather into the first diffraction grating. “Let in the sun’s rays by
a small hole to a darkened house, and at the hole place a feather ...
and it shall direct to a white wall or paper opposite to it a number of
small circles and ovals ... whereof one [in the center] is somewhat
white and all the rest severally colored.” But why?

Research into the nature of light advanced quickly in the 1660s,
along with efforts to improve telescopes and microscopes. Father
Francesco Maria Grimaldi, a Jesuit professor of math at the University
of Bologna, died in 1663, two years before the publication of his book,
A Physical and Mathematical Thesis on Light, Colors, the Rainbow,
and Other Related Topics. Even though light was so common, he
wrote, “to explain its nature is a most difficult task.” Grimaldi proved
that light could be not only reflected and refracted but also diffracted,
a word he coined to explain what happened when he put a small
opaque object in a stream of light coming through a pinhole. Because
light travels in straight lines, he expected a clean shadow line along a
mathematically predictable path. Instead, the shadow was larger and
more diffuse than it should be, and part of it was colored. “There are
bands of colored light such that the center of each is pure white,
whereas at the edges there is color, always blue on the edge nearer the
shadow ... and red on the farther side.”

Grimaldi wasn’t sure what was going on, but he realized that color
wasn’t a quality inherent to a particular object. It was some kind of
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special motion of light. “Light is a kind of fluid that moves very fast
and sometimes passes through a transparent body in the form of a
wave.” Colors involved some sort of special light wave. Thus, when
you look at a bluebird, it looks blue not because of the inherent blue-
ness of the feather but because the light reaching your eye is somehow
made to say “blue” to the brain. What’s more, a pigeon’s or peacock’s
iridescent feathers change that message somehow, so that the reflected
light is sometimes one color, sometimes another.

Isaac Newton Makes a Telescope

Grimaldi’s book appeared in Italy the same year that Isaac Newton,
twenty-two, received his bachelor’s degree from Cambridge University.
By that time, the young Newton had already reached some of the same
conclusions about the nature of color as Grimaldi. Born prematurely on
Christmas Day in 1642, several months after his illiterate father’s death,
the baby Isaac was not expected to live. He did, only to be abandoned
by his mother three years later when she remarried the much older Rev-
erend Barnabas Smith, who didn’t want her brat around.

Raised by his maternal grandmother on the nearby family farm in
rural Woolsthorpe, the lonely, introverted Isaac entertained himself
with homemade toys and dark revenge fantasies. He constructed a
tiny mouse-powered mill, sundials, and fiery kites that terrified the
neighbors. When he was about ten, Isaac threatened “to burn them
[his mother and stepfather] and the house over them,” as he later
confessed to his journal. He found himself “wishing [for] death and
hoping it to some.” The following year, the hated Reverend Smith
died, and his widowed mother moved back in with him, along with
his three younger half-siblings. Young Isaac was soon sent to a pri-
vate boarding school in Grantham, where he excelled academically
but remained aloof and friendless. In 1661, he went to Cambridge
University.

Newton hated his first roommate. Noticing Isaac walking, “solitary
and dejected,” fellow student John Wickins, who didn’t like his room-
mate either, suggested that they move in together, and the arrangement
stuck for most of the next two decades. Wickins must have been a tol-
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erant companion, since Newton’s obsessive nature, weird experiments,
and odd hours made him less than the ideal companion. During the
summer of 1663, Newton strolled through the nearby Stourbridge Fair,
where he bought a book on astrology. In reading it, he couldn’t under-
stand a heavenly conjunction without more math, which eventually led
him to Euclid’s Elements. Then he moved on to Kepler, Galileo, and
Descartes, among others.

Reading Descartes, Newton found a congenial spirit who, like him,
was fascinated by light. Newton once observed that for him truth was

b

“the offspring of silence and unbroken meditation,” as it was for
Descartes. More clearly than the French philosopher, however, Newton
relied on experiments to provide appropriate data for his solitary rumi-
nations. In his quest to understand optics, Newton stared repeatedly
into a mirror at the sun’s reflection in order to induce odd after-images.
Then he “turned my eyes into a dark corner of my chamber & winked
to observe the impression made & the circles of colors which encom-
passed it & how they decayed by degrees & at last vanished.” He
nearly blinded himself.

Still puzzling over odd visual phenomena, Newton carefully inserted
the blade of a small knife into the corner of his eye. “I took a bodkin
and put it between my eye and the bone as near to the backside of my
eye as I could: & pressing my eye with the end of it (so as to make the
curvature in my eye) there appeared several white, dark and colored cir-
cles.” In another experiment, he gazed through a feather at the setting
sun, as James Gregory did, and found that it made “glorious colors.”

At the August 1664 Stourbridge Fair, Newton picked up a cheap
glass prism, no doubt inspired by Descartes’ experiment in which he
split sunlight into a spectrum of colors. About this time, too, Newton
began to stay up nights to observe the sky. On December 10, he saw a
comet, and a week later, another appeared at 4:30 A.M. He continued to
watch it every night through Christmas and his twenty-second birthday,
until it finally vanished a month later. Newton desperately wanted a
telescope but, unable to afford it, decided to make one, and he set
about grinding his own lenses. He wasn’t satisfied with the blurry re-
sults, surrounded by confusing light halos. To avoid spherical aberra-
tion, he tried to make nonspherical lenses—hyperboloids or ellipsoids
as Descartes had suggested—but he couldn’t figure out how.
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As a diversion, Newton played with his prism. He darkened his room
and made a small hole in his window shutters, allowing a sunbeam to
pierce the gloom. Placing the prism near the entrance hole, he found it
a “very pleasing divertisement, to view the vivid and intense colors pro-
duced thereby” on the far wall. But then he noticed something odd. “I
became surprised to see them in an oblong form; which, according to
the received laws of Refraction, I expected should have been circular.”
The circular ball of white light had been stretched out into a rainbow
of color five times longer than he expected.

Newton put one of his convex lenses into the rainbowed beam com-
ing from the prism, and as it reconcentrated the beams, they turned
white again at the focus before spreading out again in colors. Could it
be that sunlight was actually an aggregation of colored lights, each of
which was refracted at a different angle? Then Newton bought another
prism. He turned it at 180 degrees to the first prism, and the elongated
rainbow once again reunited into a circular white beam.

“I began to suspect,” Newton recalled later, “whether the Rays, after
their trajection through the Prism, did not move in curve lines.” Un-
doubtedly influenced by Descartes’ tennis-ball analogy, he “remem-
bered that I had often seen a Tennis ball, struck with an oblique Racket,
describe such a curve line.” But no—it was easy enough to put some
chalk dust in the air and to see that the light traveled in straight lines.

Then Newton performed what he came to call the Experimentum Cru-
cis, the “crucial experiment.” Just beyond the first prism, he placed a
board with a small hole drilled in it. Twelve feet beyond that, he set up
another board, also with a hole drilled in it. Finally, he set the second
prism beyond the second board in a position to intercept just one color
of the light beam and project it onto the wall. By turning the first prism
in the beam of sunlight slowly about its axis, Newton directed first one
color, then another, through the hole in the second board. When a single
colored beam refracted through the second prism, it did not elongate but
formed a roughly circular colored light on the wall. But that wasn’t all.
As he progressed from red through orange, yellow, green, blue, indigo,
and violet, the little balls of light gradually climbed the wall, so that to-
gether they would have formed the elongated rainbow he had first seen.

From these experiments, Newton concluded, “Light consists of Rays
differently refrangible, which, without any respect to a difference in
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their incidence [the angle at which they hit the prism], were, according
to their degrees of refrangibility, transmitted towards divers parts of the
wall.” Once he had absorbed this stunning revelation, Newton stopped
trying to grind aspheric lenses. “When I understood this, I left off my
aforesaid Glass works; for I saw, that the perfection of Telescopes was
hitherto limited, not so much for want of glasses truly figured, [but] be-
cause that Light itself is a Heterogeneous mixture of differently refran-
gible Rays.” This accounted for chromatic aberration, and Newton dis-
covered that its effects far outweighed those of spherical aberration.
“Nay, I wondered, that seeing the difference of refrangibility was so
great, as I found it, Telescopes should arrive [even] to that perfection
they are now at.”

Having given up on the improvement of refracting telescopes, New-
ton recalled James Gregory’s plans for a reflecting telescope, which he
had read about in the 1663 Optima Promota. Unlike lenses, mirrors
did not separate different colored lights—they all bounced together. He
concluded that through reflecting telescopes, “Optic instruments might
be brought to any degree of perfection imaginable, provided a Reflect-
ing substance could be found, which would polish as finely as Glass,
and reflect as much light, as glass transmits, and the art of communi-
cating to it a Parabolic figure be also attained.” In theory, Newton was
right, but he realized that he faced “very great difficulties,” because
“every irregularity in a reflecting superficies [surface] makes the rays
stray 5 or 6 times more out of their due course, than the like irregular-
ities in a refracting one.” In other words, mirrors demand far more pre-
cision than lenses.

“Amidst these thoughts,” Newton recalled, “I was forced from Cam-
bridge by the Intervening Plague.””* The university was closed in July
1665 by an outbreak of bubonic plague.

*The chronology of Newton’s optical experiments is confusing. Elsewhere, New-
ton wrote that he began trying to grind aspheric lenses and bought a prism at the
beginning of 1666, but here he says that the plague interrupted this work, and
that occurred in the middle of 1665. Newton was apparently one year off. He
later told someone that he bought his first prism at the 1665 Stourbridge Fair,
when it had to have been 1664, because the fair was canceled in 1665 and 1666
due to the plague. Thus, it seems likely that Newton’s crucial experiment took
place early in 16635, not 1666.
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Back at his mother’s home in Woolsthorpe, Newton became ab-
sorbed in higher mathematics. He also thought deeply about the myste-
rious force of gravity and, allegedly inspired by the fall of an apple,
began the thought process that was to lead to the publication of the
Principia Mathematica twenty years later. “I was in the prime of my age
for invention & minded Mathematics & Philosophy more than at any
time since,” he remembered wistfully in his old age.

Not until 1667, when he returned to Cambridge, did he follow
through on his plans to make a reflecting telescope. He cast his own
alloy—three parts copper to one part tin, with a touch of arsenic—and,
“having thought on a tender way of polishing, proper for metal,” he
ground it against a convex copper tool, then polished it with pitch. This
produced a concave mirror 1 1/3 inches in diameter. To try to turn the
spherical shape into a parabola, he ground the middle “with all my
strength for a good while together,” but the mirror was basically spher-
ical, with a turned-down edge. Mounting it at the end of a 6-inch tube,
Newton avoided Gregory’s solution—to drill a hole in the primary and
make a difficult ellipsoidal secondary—by mounting a small secondary
flat mirror in the center of the tube at a 45-degree angle, thus reflecting
the light to an eyepiece on the side (see Figure 4.3).

Late in life, when asked where he had the telescope constructed,
Newton said he made it himself. Where did he get the tools? Newton
laughed—a rare event in his somber life—and said he had made them,
too. “If I had stayed for other people to make my tools and things for
me, I would have never made anything of it.” With his new telescope,
completed in 1668, Newton could see Jupiter’s four moons as well as
the “horned” phase of Venus. He made an improved model in the fall
of 1671.

By that time Newton had been appointed the second Lucasian Pro-
fessor of Mathematics, after the first holder of that office, Isaac Barrow,
stepped aside in his favor, explaining that Newton was “of an extraor-
dinary genius & proficiency.” Aside from Barrow, few knew of New-
ton’s work or genius. Asocial and introverted to the point of paranoia,
Newton had published nothing in his own name, only reluctantly agree-
ing to one anonymous mathematical paper. “For I see not what there is
desirable in public esteem,” he wrote. “It would perhaps increase my
acquaintance, the thing which I chiefly study to decline.”
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Newton fulfilled his professorial duties by giving lectures and filing
them at the university library. In January 1670, he gave his first class in
a droning Latin, describing his experiments and reflecting telescope.
The few students who showed up yawned. No one attended his second
lecture. “So few went to hear him, & fewer that understood him, that
oftimes . . . for want of hearers, [he] read to the walls,” his assistant re-
called.

Unperturbed, Newton continued his research. He seldom left his
room, often forgetting to eat. He rarely went to bed before 3 A.M. and
often stayed up until dawn. He took no exercise other than to wander
in the garden, deep in thought, only to rush back up the stairs to scrib-
ble furiously at his desk, without taking the time to sit down.

Near the end of 1671, Newton reluctantly allowed Isaac Barrow to
take his telescope to a London meeting of the Royal Society, where it
caused a sensation. Christopher Wren and other members took it to
Charles II for a personal demonstration. A few days later, just after New
Year’s, Henry Oldenburg, the secretary of the Royal Society, wrote New-
ton that his telescope had been “examined here by some of the most em-
inent in optical science and practice, and applauded by them.” He was
anxious to “secure this invention from the usurpation of foreigners”—
ironically, Oldenburg was a transplanted German—and wanted to send
a description to Christiaan Huygens to establish priority.

The Oddest Detection

Newton wrote back to say that he “might have let it [the reflecting tele-
scope] still remain in private as it has already done some years” had not
the Royal Society paid attention. He approved of the letter to Huygens,
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asking Oldenburg to stress that his telescope (unlike Huygens’s refrac-
tor) “represents things distinct & free from colors.” A few days later,
Oldenburg wrote to tell Newton that he had been voted a member of
the Royal Society. Finally, Newton felt comfortable enough to reveal
that the reflecting telescope was simply a logical by-product of his opti-
cal research, which involved “the oddest if not the most considerable
detection which has hitherto been made in the operations of Nature.”
He followed up with a long letter explaining his prism experiments and
his discovery that white light was a mixture of differently refractable
colored lights. It was published in the February 19, 1672, issue of the
Philosophical Transactions of the Royal Society.

“Colors are not Qualifications of Light,” he wrote, “derived from
Refractions or Reflections of natural Bodies (as ’tis generally believed),
but Original and connate properties, which in divers Rays are divers.
Some Rays are disposed to exhibit a red color and no other; some a yel-
low and no other,” and so on. He noted that “the most surprising, and
wonderful composition was that of Whiteness,” which was always the
compounded result of all other colored rays. “Light is a confused ag-
gregate of Rays indued with all sorts of Colors.” This finally explained
why the rainbow colors appear as they do, due to their different indices
of refraction. It also explained why Grimaldi had been right that color
was not inherent in objects. And it explained why refracting telescopes
could not easily be cured of chromatic aberration—hence, the need for
him to make the reflecting telescope that had attracted all this attention
in the first place.

In conclusion, Newton wrote that “it can be no longer disputed,
whether there be colors in the dark”—there were not—“nor whether
they be the qualities of the objects we see”—no again—“nor perhaps,
whether Light be a Body.” Yes, he thought, though he qualified it with
“perhaps.” Here Newton slid into conjecture. Because colors were the
qualities of light rays, how could the rays themselves simply be quali-
ties? Light must be a substance. Then he backed off. “But to determine
more absolutely, what Light is, after what manner refracted, and by
what modes or actions it produceth in our minds the Phantasms of Col-
ors, is not so easy. And I shall not mingle conjectures with certainties.”

Newton’s exposition was a model of rigorous scientific logic, pre-
sented in a clear, compelling style. He wasn’t just throwing off hy-
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potheses—he was proving a new theory. Consequently, he was shocked
when Robert Hooke criticized him. “As to his hypothesis of solving the
phenomenon of colors,” Hooke wrote, “I confess I cannot yet see any
undeniable argument to convince me of the certainty thereof.” Indeed,
Newton’s experiments, as well as Hooke’s own, “do seem to me to
prove that light is nothing but a pulse or motion propagated through an
homogeneous, uniform and transparent medium.”

Hooke had zeroed in on Newton’s assertion that light was a body,
that it consisted of tiny particles of some sort. For Hooke, light was a
kind of wave action. In response, Newton admitted that he wasn’t sure
that light consisted of particles. Indeed, Newton had said as much in his
original paper, warning about mixing conjecture with certainty. The im-
portant point, for Newton, was that light—whatever it was—did con-
sist of variously colored strands that refracted to varying degrees.

Newton came to despise Hooke, for whom the feeling was mutual,
even though they were similar in many ways. Both suffered traumatic
childhoods and lost their fathers young, and as youths both constructed
ingenious mechanisms. Hooke was a hypochondriac and insomniac; so
was Newton. Their similarities may have been part of the problem. At
any rate, the randy, gregarious Hooke regarded the cloistered, sexless
Newton as an arrogant stewed prune who overrated himself.

Only months after Newton’s telescope created a sensation in Lon-
don, a French physics professor named Guillaume Cassegrain came for-
ward with an alternative design for a reflecting telescope. Like Greg-
ory’s, it featured a paraboloid primary mirror with a hole in the center.
But Cassegrain’s called for a convex hyperboloid secondary that would
intercept the reflected light before it focused, sending it back through
the hole in the primary to focus at an eyepiece. It was an elegant design,
shorter than the Gregorian telescope, with the added advantage that
grinding errors would tend to cancel out one another between the con-
cave and convex mirrors (see Figure 4.4).

Cassegrain’s supporters asserted priority over Newton, since the
Frenchman had supposedly invented it several weeks before Newton’s
paper appeared. The irritated Newton, who had actually made his tele-
scope years before, dismissed the Cassegrain design as profoundly
flawed. “The advantages of this design are none,” he incorrectly as-
serted, and the disadvantages “great and unavoidable.” Finally, New-
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ton emphasized that at least he had produced a working model. “I
could wish, therefore, Mr. Cassegrain had tried his design before he di-
vulged it. ... Such projects are of little moment till they be put into
practice.” No opticians were capable of making the new French design,
however, and no one took up the challenge.

Trouble from abroad kept coming. Christiaan Huygens, initially en-
thusiastic about Newton’s color theory, which he called “highly inge-
nious,” gradually turned against it.* In 1673, he wrote that Newton
“hath not taught us, what it is wherein consists the nature and difference
of Colors, but only this accident ... of their different Refrangibility.”
He suggested that “it will be much more easy to find an Hypothesis by
Motion”—that is, he wanted Newton to consider a wave theory of light,
one that Huygens detailed later in his 1690 book, Treatise on Light.

Newton responded: “To examine how colors may be thus explained
Hypothetically is besides my purpose.” He would “leave it to others to
explicate by Mechanical Hypotheses,” but he added dismissively that it
should be “no very difficult matter.”

Brooding over the issue, Newton eventually did come up with his
own “Hypothesis Explaining the Properties of Light,” which he deliv-

*Newton’s proof that different-colored lights refracted differently devastated
Huygens, who had written an unpublished Dioptrics to reveal his theory of how
to construct a telescope without spherical aberration. Once he realized that chro-
matic aberration was worse, he abandoned his book, scribbling that his previous
conclusions were “useless.” Ironically, Huygens invented a compound eyepiece
for telescopes that was indeed achromatic, although he didn’t recognize it. The
Huygens eyepiece is still used on many telescopes.
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ered to the Royal Society in December 1675, demonstrating that he was
every bit as capable as Descartes of grand theories with little empirical
support. Newton proposed the existence of an all-pervading “ether”—
similar to air but “far rarer, subtler, and more strongly elastic”—
through which all forces in the universe acted. “Perhaps may the Sun
imbibe this Spirit copiously to conserve his Shining, & keep the Planets
from receding further from him. And they that will, may also suppose,
that this Spirit affords or carries with it [the] material Principle of
Light.” This hypothetical ether, Newton explained, was the medium
that transmitted gravity, cohesion, electricity, and animal sensation, as
well as light.

Newton defined light as “something or other capable of exciting vi-
brations in the ether,” which appeared to leave the door open to waves.
But then he spoke of “corpuscles” (particles) of light. As these particles
of varying sizes passed through the ether, their speed and direction was
altered by its density, which pervaded all things. As for glass and water,
Newton oddly followed Descartes, asserting that the ether’s lesser den-
sity there speeded rather than retarded light particles, turning them var-
iously depending on the size of the particle, which accounted for colors.
On a mirror surface, the ether’s density was so great that the particles
all bounced off at a similar angle.

In this paper, Newton also tried to account for the varying colors in
soap bubbles, mica, and thin pieces of glass, phenomena first described
by Hooke in Micrographia. Newton used a barely convex lens and a
flat piece of glass. “I pressed them slowly together, to make the colors
successively emerge in the middle of the circles, and then slowly lifted
the upper glass from the lower, to make them successively vanish
again.” Then Newton sent light of a single color through, noting that
red light made bigger circles and that it was “very pleasant to see them
[the circles] gradually swell or contract accordingly as the Color of the
Light was changed.”

With only a compass, Newton measured the diameter of each ring to
within 1/100th of an inch and the air space between the pieces of glass,
down to 1/78,000th of an inch. He found a periodicity for each color,
with rings appearing at predictable multiples of space between the two
pieces of glass, with dark rings between them. Hooke fumed as the
world called the phenomenon “Newton’s Rings.”
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Newton struggled to explain this bizarre occurrence. He concluded
that “the Air between the Glasses, according to its various thickness, is
disposed in some places to reflect, and in others to transmit the Light of
any one Color.” He called these “Fits of easy Reflection and Transmis-
sion.” He declined to speculate “whether it consists in a circulating or
a vibrating motion of the Ray, or of the Medium, or something else.” In
other words, he had no idea what was going on, but if it was something
like an epileptic seizure, at least it occurred regularly.

And there Newton left his optical studies for many years, proceeding
to the Principia, which was finished in 1687. In 1690, Huygens pub-
lished his Treatise on Light, in which he attacked Newton’s theories. “I
am astonished,” he wrote, that Newton (to whom he referred without
naming him) could have offered, “as assured and demonstrative, rea-
sonings which were far from conclusive.” Light could not possibly con-
sist of particles, since it traveled much too fast, and the particles from
different sources would bump into one another on the way to the eye.
Instead, Huygens said that light traveled in waves, just as sound did.

But light traveled far more quickly than sound. Huygens cited the in-
genious conclusions of Ole Romer, a Danish astronomer who in 1676 had
approximated the speed of light by observing the varying rates at which
Jupiter’s moons appeared to move, depending on how far away the earth
was. “Hence the velocity of Light is more than six hundred thousand
times greater than that of Sound,” Huygens wrote. “This, however, is
quite another thing from being instantaneous.” To explain this incredible
speed, Huygens adopted Newton’s concept of ether, but rather than it
being “rare,” Huygens’s ether was so dense with hard little invisible par-
ticles that the motion of light could be communicated nearly instanta-
neously, just as one billiard ball, striking a group of contiguous balls, in-
stantly sent balls rolling from the outside of the pack. With this wave
theory, Huygens explained every aspect of light, including its apparent
travel in straight rays, reflection from a mirrored surface, and refraction.

Newton’s Queries

In response to Huygens, Newton began to compile his masterwork on
optics, but he waited to publish it until 1704, when both Huygens and
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Hooke were safely dead. In Opticks, Newton summarized all his previ-
ous work, experiments, and theories. He observed that light at a suffi-
ciently oblique angle to glass or water is totally reflected rather than re-
fracted and that the same thing is true once light gets inside glass—it is
totally reflected if it hits the glass at a small enough angle. In Book Three,
he covered Grimaldi’s diffraction, which Newton called “inflection.” He
confirmed that, even in single-colored light, what he called “fringes”
were produced surrounding the shadows of thin objects—Newton tried
hair, a knife edge, threads, pins, straw—held in a narrow light beam.

He then launched into a series of “Queries,” in which he felt free to
hypothesize without proof, suggesting that “a farther search ... be
made by others” on these matters. Among the first Queries, he sug-
gested that the diffraction phenomenon might be explained by light
bending back and forth “with a motion like that of an Eel.”

In subsequent editions of Opticks, Newton added more Queries as
he pondered the mysteries of light and its reflection, refraction, and dif-
fraction. For him, as for Grosseteste and Dee, light might be God’s glue
to hold the universe together, along with gravity and other mysterious
forces. “Do not Bodies and Light act mutually upon one another?” he
asked. “That is to say, Bodies upon Light in emitting, reflecting, re-
fracting and inflecting it, and Light upon Bodies for heating them, and
putting their parts into a vibrating motion wherein heat consists?”
Later, he stated it more boldly: “Are not gross Bodies and Light con-
vertible into one another?”

In his description of light’s effects, Newton veered close to a wave
theory. “Do not several sorts of Rays make Vibrations of several big-
nesses, which according to their bignesses excite Sensations of several
Colors, much after that the Vibrations of the Air ... excite Sensations
of several Sounds?” The most refractable rays excited the shortest vi-
brations, producing violet, and the least refractable produced the
largest vibration, creating a “Sensation of deep red” upon the retina.

Elsewhere, however, Newton clearly espoused the particle theory of
light. “Are not the Rays of Light very small Bodies emitted from shin-
ing Substances?” Then he attacked the wave theory. “Are not all Hy-
potheses erroneous, in which Light is supposed to consist in Pression or
Motion, propagated through a fluid Medium?” If it were, light would
bend around corners into shadows (more than diffraction), the waves



112 MIRROR MIRROR

would bump confusingly into one another, and the necessarily thick
ether would slow the planets in their orbits. Instead, Newton thought
that particles of light set up waves in objects when they hit them, which
accounted for visual perception and heat.

Newton still believed in an exceedingly subtle, thin ether, but he
frankly admitted that “I do not know what this Ether is.” Somehow, it
facilitated action at a distance, such as gravity, electricity, and magnet-
ism. He hypothesized that “there may be more attractive Powers than
these,” some that cover such small distances “as hitherto escape Obser-
vation.” Newton emphasized that he did not consider these forces as
mysterious qualities in the old-fashioned sense. “To tell us that every
Species of Things is endowed with an occult specific Quality by which
it acts and produces manifest Effects, is to tell us nothing.”

Newton sounds completely modern and rational, reacting against
critics who accused him of occult mumbo-jumbo with his theory of
gravity, in which every object, no matter how far away, exerted some
mysterious force on every other object. Yet Newton did have his credu-
lous side. He spent a huge amount of time on useless alchemical exper-
iments, attempting to transmute mercury. Some have suggested that
when Newton suffered an acute period of irrationality, late in 1693, it
was due in part to mercury poisoning.

Even when he was in his right mind, however, Newton was pro-
foundly religious. In a majestic passage in the Queries, reminiscent of
God’s speech from the whirlwind in the Book of Job, Newton explains
that the “first Cause” was certainly “not mechanical”:

Whence arises all that Order and Beauty which we see in the World? To
what end are Comets ... and what hinders the fixed Stars from falling
upon one another? How came the Bodies of Animals to be contrived with
so much Art, and for what ends were their several Parts? Was the Eye

contrived without Skill in Optics?

The Seashore of the Universe

Isaac Newton, the paranoid loner, eventually became Sir Isaac Newton,
the infallible sage. In 1696, he left Cambridge to take over the British



The Rational Mirror 113

Mint, where he reformed the currency. In 1704, he was elected president
of the Royal Society, ruling it with an iron hand for nearly a quarter-
century. The vindictive, defensive aspects of Newton’s personality now
found ready outlet. For years, he engaged in a nasty battle with Got-
tfried Wilhelm Leibniz over who could claim priority in inventing cal-
culus.

Yet under the tyrannical bluster lurked the sad, lonely, imaginative
little boy who wanted to understand everything, who yearned for love.
“He had such a meekness and sweetness of temper,” reported a com-
panion of his old age, “that a melancholy story would often draw tears
from him, and he was exceedingly shocked at any cruelty to man or
beast.”

One of Newton’s biographers comments that there was “precious lit-
tle of the child in the man,” but that observation applies only to his
crusty exterior. Newton spent much of his adult life playing with
light—bouncing it off mirrors and refracting it into rainbows, blowing
soap bubbles to study the writhing bands of color on their filmy sur-
faces, collecting feathers through which to gaze into the sun, making
telescopes to view comets. “I do not know what I may appear to the
world,” Newton told a visitor shortly before his death at eighty-four,
“but to myself I seem to have been only like a boy, playing on the sea-
shore, and diverting myself, in now and then finding a smoother pebble
or prettier shell than ordinary, whilst the great ocean of truth lay all
undiscovered before me.”






Chapter 5

LOOKING-GLASS LITERATURE

Glass is more gentle, graceful, and noble than any metal, and
its use is more delightful, polite, and sightly than any other
material at this day known to the world.

ANTONIO NERI, L’ARTE VETRARIA, 1612

SAAC NEWTON BELIEVED that mirrors could, in theory,

bring telescopes to “any degree of perfection imaginable,” but his
toy-sized telescope’s metal mirror tarnished quickly, and every time he
rubbed it, he changed its shape. Also, “more Light was lost by Reflec-
tion in the Metal, than by Refraction in the Glass.”

Newton suggested using glass mirrors for future telescopes, since
glass was easier to polish. He wanted an optician to grind a piece of
glass of uniform thickness, with a perfectly concave front and convex
back. The back should be “quick-silvered” with highly reflective mer-
cury, then protected with paint or varnish. Unfortunately, he couldn’t
find a sufficiently skilled craftsman in London. Newton didn’t address
the problem of light refracting through the front glass surface as it trav-
eled in and out of the mirror, and the metallic tin amalgam reflected
well only when applied to the rear surface. Newton’s idea died with
him.

In 1664, when Newton bought his first prism at the Stourbridge Fair,
the world’s best mirrors were made on the island of Murano, 3 miles
north of Venice, from amazingly large sheets of clear glass with a highly
reflective back coating. The secret of their manufacture was known
only to the Italian workers. By 1704, when Newton suggested a glass-
mirrored telescope, the monopoly had been shattered through one of
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the world’s first acts of industrial espionage. That event, described in
Chapter 6, eventually transformed the mirror from a relatively rare
item to an everyday household ornament. The fine glass mirror also
changed the world of literature, art, and architecture and fundamen-
tally altered the way people viewed themselves and their world.

Congealed Air

Glass is nearly as magical as light itself. Made primarily from sand, it
can be virtually invisible, as clear as water or air. Because its chaotic
molecules are not held together in rigid crystalline form, glass is a kind
of solid liquid. Yet it is hard enough to be molded, sanded, blown,
ground, polished, melted, colored, and twisted. In the right light condi-
tions, it can act as a good mirror on its own, and with proper reflective
coatings, it can make an extraordinarily good mirror—so good that it
seems to disappear.

In the first century, Pliny the Elder recounted a creation myth. In
Phoenicia, where the sluggish Belus River flowed into the sea, it de-
posited muddy sand that was eventually washed clean by the waves. “A
ship belonging to traders in soda once called there, so the story goes,”
wrote Pliny, “and they spread out along the shore to make a meal.
There were no stones to support their cooking-pots, so they placed
lumps of soda from their ship under them. When these became hot and
fused with the sand on the beach, streams of an unknown translucent
liquid flowed, and this was the origin of glass.”

The story sounds plausible, since the Phoenicians were great traders,
and natron, a natural soda, was much in demand as an embalming
agent. By itself, pure sand (silicon dioxide) makes perfectly good glass,
but only if heated to an extraordinary temperature. An alkaline sub-
stance such as soda (sodium oxide or sodium carbonate) acts as a flux-
ing agent, allowing lower melting temperatures, and an alkaline earth
such as lime (calcium oxide, chalk) makes the glass less viscous and
protects it from water damage. Perhaps bits of seashell in the beach
sand provided the chalk in Pliny’s anecdote.

Yet man-made glass probably predated these traders. It may have
been discovered originally as an intriguing by-product in a Sumerian
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pottery kiln or bronze smelter. By 2500 B.C.E., the Egyptians were mak-
ing gorgeous glass beads. Perhaps the first craftsmen learned from na-
ture, which creates imperfect glass. When lightning strikes a beach or
desert, it fuses the sand into fulgurites, thin glass tubes. A meteor
smashing into rock creates scattered tektites, dark-colored little glass
blobs. The most common type of natural glass is obsidian, the shiny,
dark substance melted in volcanic hearts and used by early man for
tools, weapons, and mirrors.

As we have seen in Chapter 1, the Romans blew glass spheres and
poured molten lead into them to produce cheap convex mirrors. Very
few large glass reflectors were made, since the glass produced by the
Romans was generally discolored, wavy, and full of bubbles and lines.
Mirrors made of silver and bronze predominated for another millen-
nium, and the quality of European glass declined along with the Roman
Empire.

The art of the convex glass mirror was apparently kept alive (barely)
following the fall of the Roman Empire, though the archaeological evi-
dence is thin.* In the Near East, convex mirrors from Roman through
Islamic times have been found in graves. A few tiny mirrors or shards
are found in Viking gravesites of the ninth through eleventh centuries.
There is no question, however, that such convex mirrors were made
again in northern Europe, beginning in the twelfth century. Throughout
the Middle Ages, they appear in art and literature. While most of the
thin, fragile mirrors have disappeared (and many glass shards were un-
doubtedly recycled), quite a few mirror holders made of wood, bone,
ivory, and metal survive from the period.

As they did with optics, the Islamic countries learned from and im-
proved upon European practices, creating gorgeously engraved and
enameled glass objects in Baghdad and elsewhere from the eighth cen-
tury on. In Islamic Spain, craftsmen produced glass mirrors by the
eleventh century.

Meanwhile, in Europe, soaring Gothic cathedrals required brilliantly
colored stained glass, much of it produced by glasshouses connected to
monasteries. In the abundant forests of northern Europe—notably in

*Such convex mirrors are still made in Gujarat, India, where the cheap, thin con-
vex mirror pieces are sewn into fancy, glittering clothing.



118 MIRROR MIRROR

the area between the Rhine and Meuse, in Lorraine, and near Nirnberg
in Bavaria—craftsmen produced Waldglas (forest glass), using local
timber as fuel for the furnace and wood ash for soda in the mix. “The
men stand continually half-naked . .. near very hot furnaces and keep

”»

their eyes fixed on the fire and molten glass,” one visitor marveled.
Local mothers invoked the terrifying soot-blackened workers to
threaten misbehaving children.

Such sweaty laborers may have seemed half-savage, but they produced
some very fine glass as well as thick-bodied mugs. Their mirrors im-
proved in quality and got larger over time. They blew thin-walled spheres
about 2 feet in diameter—the size of a large beach ball—then, while the
glass was still hot, poured molten lead in and swirled it to a thin coating.
Then the cooled ball was broken and smaller pieces cut with scissors.
These Ochsenaugen (oxen-eyes) became common in Europe in the late
medieval period. Most were only 2 or 3 inches in diameter, though some
were as large as 8 inches across. The quality varied considerably. Some
convex mirrors, made with thick, striated glass and poorly applied lead,
were called Schattengesicht (shadow-face). Others, made with thin glass
that reduced the greenish tinge, and well-coated with lead, yielded good
images, albeit somewhat distorted by the convexity.

At some point, certainly by the early fifteenth century, glassmakers in
Germany, France, and Italy learned to blow relatively large cylinders of
glass, then open the ends and slit them down the side to produce sheets
of glass as large as 30-by-45 inches, which could then be coated
(though imperfectly) with a hot lead-antimony layer. Florentine artisans
apparently learned to apply unheated lead or tin to the glass, thereby
avoiding much danger and breakage. Carnival song lyrics of the Flo-
rentine Mirror-makers’ Guild bragged: “Our trade demands experience
and adroitness in managing the blown glass forms. . . . But worth more
than this or anything else is the secret of the substance which one places
behind the glass with great skill.”

The Mirror Island of Murano

Florence may have produced good mirrors, but it was in Venice that
glass was perfected and where the modern mirror industry was born.
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From the eleventh century on, Venice held a monopoly on commercial
shipping to and from the East. Its craftsmen probably learned the art of
glassmaking from Germans or Islamic exporters. Venetian importers
sold luxuries from abroad, including cotton, silk, oranges, figs, rugs,
gems, drugs, pepper, incense, perfume, swords of Damascus steel, porce-
lain, glassware, and mirrors. In the main Square of San Marcos, Protes-
tants mingled freely with Catholics, Greek Orthodox, Muslims, and
Jews. All were subservient to the mighty gold ducat, and the laws ensur-
ing economic stability were strict. Forgers had one hand cut off. Trade
secrets were strictly kept, with official detectives snooping vigilantly.

A Venetian glassmakers’ guild formed in the early 1200s. In 1291, city
authorities forced the dangerous furnaces to move to the nearby island of
Murano. There, accidental fires wouldn’t burn down the city—and, per-
haps as important, the glassmakers could be better protected from spies
and prevented from leaving. Although they earned top wages and were
allowed to marry the daughters of nobles, the glass experts were prison-
ers. Flight warranted the death penalty. And so the glass families pro-
duced generations with venerated names—Barbini, Beroviero, Briati,
Bertolini, La Motta, del Gallo—who learned the art of mirror-making
from childhood and who knew every alley and inlet on their tiny island.*

Around 1450, the Muranese glassmaker Angelo Beroviero, using ash
from sea plants rich in potassium oxide and magnesium, created an ex-
traordinarily clear type of glass, which he christened cristallo, since it
resembled the clearest rock crystal. In 1507, Andrea and Domenico
d’Anzolo del Gallo petitioned the Venetian Council of Ten, seeking a
kind of patent for a new foiling method, which involved pounding tin
to a uniformly thin layer, then rubbing mercury over it, forming a shiny
amalgam. Covering it with paper, a workman lowered a sheet of glass
over it with one hand while carefully pulling the paper out with the
other. Weights atop the glass assured a bubble-free reflective surface
that clung tightly to the glass and was then covered with a protective

*German glass historian Ingeborg Krueger thinks that early Italian glass-mirror
expertise is a myth. She cites a 1215 contract to deliver to Genoa “glass of the
very best quality for making mrrors” from German glass houses, and points out
that in 1317 three Venetians hired a German master to help them make mirrors,
but the enterprise failed when the master departed.
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varnish. The Venetian authorities granted the del Gallo brothers a
twenty-year monopoly.

A two-century rage for the exquisite, expensive Murano mirrors en-
sued. At the beginning of the sixteenth century, a Venetian mirror in an
elaborate silver frame was valued at 8,000 pounds, nearly three times
the contemporary price of a painting by Raphael. The French monarch
Francois I, a lover of luxury and Italian art, helped create the mirror
craze by ordering a Murano mirror decorated with gold and precious
stones in 1532, followed by thirteen more the next year and eleven ad-
ditional mirrors in 1538.

Upon Frangois’s death in 1547, his son, King Henri II, kept buying
Venetian mirrors for his Italian wife, Catherine de Medici. After Henri’s
death in 1559, she had a cabinet de miroirs (mirror chamber) installed
to honor his memory. There, above the fireplace, a portrait of the de-
parted monarch was reflected in 119 Venetian mirrors set into the
chamber’s paneling.

Sacred and Secular Specula

Over the course of six centuries, ever-finer and larger glass mirrors
gradually supplanted those of metal, with unexpected cultural and so-
cial consequences. As we have seen, humans had always regarded mir-
rors with awe. Saint Augustine, among other early Christian theolo-
gians, saw the perfect mirror as a metaphor for divine wisdom, so it
was natural that mirrors provided sacred book titles such as Speculum
Ecclesiae (The Ecclesiastic Mirror, ca. 1100).

Hugh of Saint Victor (1100-1141) explained in his commentary on the
Rule of Saint Augustine: “[This book] is rightly called a mirror; for we can
see in it as in a mirror in what state we are, whether beautiful or de-
formed, just or unjust.” Hugh’s contemporary, Peter Lombard, observed
that “the soul is a mirror in which in some way we know God,” followed
a few years later by Alanus de Insulis, who elaborated a more complex
mirror metaphor: “O Man! See yourself in this three-fold mirror .. . the
mirror of the Holy Scriptures, the mirror of nature, and the mirror of crea-
tures.” Only the scriptural reflection was a happy one, of course. The false
mirror of the flesh was concave, inverting reality. In the thirteenth century,
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Saint Bonaventura, a Franciscan mystic, wrote of the speculum inferius,
the mirror of creation, and the speculum superius, the mirror of God.

Thomas Aquinas, a contemporary of Bonaventura, offered one of the
first etymological links between mirrors as specula and the modern
meaning of speculation: “To see something by means of a mirror is to
see a cause in its effect wherein its likeness is reflected,” Aquinas wrote.
“From this we see that ‘speculation’ leads back to meditation.”

Around 1260, Vincent of Beauvais, a French Dominican, published his
encyclopedic compendium of medieval knowledge, the Speculum Maius
(Large Mirror), which included three parts—the Speculum Naturale, cov-
ering theology, psychology, physiology, cosmography, physics, botany, and
other sciences; the Speculum Doctrinale, on subjects such as logic,
rhetoric, poetry, and astronomy; and Speculum Historiale, a sweeping his-
tory. After Vincent, innumerable mirror titles flowed from clerical pens.*

Beginning in the twelfth century, a revived worship of the Virgin
Mary took the mirror as her symbol, derived from the speculum sine
macula, or “spotless mirror,” of the second-century Book of Wisdom.
The Speculum Virginium, a twelfth-century “Mirror of Virgins,” urged
virtuous women to emulate the Virgin Mary in maintaining their sexual
purity. “Maidens look into mirrors to see whether there is any increase
or decrease of their adornment, but Scripture is a mirror from which
they may learn how they can please the eternal spouse.” Small mirrors
began to appear in church interiors as symbols of purity.

Gradually, however, mirrors invaded secular literature, a shift exem-
plified by the lovers’ mirrors of Roman de la Rose (Romance of the
Rose), by Guillaime de Lorris and Jean de Meun. De Lorris, who wrote
in the early thirteenth century, created an allegory of courtly love. The
lover, gazing into the eyes of his beloved, sees them as two crystalline
mirrors in a garden fountain. Yet her mirror-eye is also dangerous.
“Out of this mirror a new madness comes upon men: Here hearts are
changed; intelligence and moderation have no business here, where
there is only the simple will to love.”

*Chinese and Japanese mirror titles independently paralleled European develop-
ments at nearly the same time. In China, the Tzu-chib T’ung-chien (Comprehen-
sive Mirror for Aid in Government) appeared in 10835, followed by the Japanese
Okagami (The Great Mirror), an exemplary biography, around 1100.
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De Lorris died before finishing. Forty years later, Jean de Meun
picked up the story, naming his lengthy conclusion Le Mirouer aus
Amoureus (The Mirror of Lovers) and taking mirror imagery to a new
erotic level. He also used his literary mirror as a harsh satiric spotlight
on all classes of society, attacking magistrates, soldiers, nobles, and
monks for their foibles.

In a lengthy digression, de Meun put an impressive speech about mir-
rors into the mouth of Nature. Heavily influenced by the renewed in-
terest in optics and mirrors sparked by Alhacen, Robert Grosseteste,
and Roger Bacon, de Meun’s Nature praises “the causes and the
strength of the mirrors that have such marvelous powers” to reflect and
alter images. Nature laments, “If Mars and Venus, who were captured
in the bed where they were lying together, had looked at themselves in
such a mirror before they got up on the bed,” they would have seen the
fine net Vulcan had spread to capture them.

By implication, the lovers would also have enjoyed the sight of their
own lovemaking in the mirror. Jean de Meun’s poem—a best-selling title
for several centuries, translated into many languages—was more than
anything else a celebration of sex, ending with a near-pornographic cli-
max in which the lover finally satisfies the now-inflamed virgin.

By the time Jean de Meun wrote in the late thirteenth century,
wealthy women primped and preened with “these head ornaments,
these coifs with golden bands, these decorated head-laces, [looking
into] ivory mirrors.” He referred to small cases of exquisitely carved
ivory, holding either glass or metal mirrors and usually depicting the
Crucifixion or scenes from the life of the Virgin Mary. By the fourteenth
century, such ivory mirror cases frequently depicted the Assault on the
Castle of Love, in which knights attacked a fortified gateway while
women threw flowers from the parapets, or the sequel in the Garden of
Love, with a happy couple holding a heart between them. One late-
fourteenth-century mirror case shows a couple with the woman holding
a round mirror coyly behind her back, then holding it over her lover as
he fondles her breast.

Although the secular mirror was firmly established in literature by
1300, a strong tradition of religious symbolism continued, particularly
in Dante Alighieri’s Divine Comedy. Dante was influenced by Jean de
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Meun’s work in many ways—including a scientific interest in mirrors
and optics. Paradiso, which Dante finished shortly before his death in
1321, is filled with devotional mirrors.

Paradiso commences with a mirror experiment related to the moon.
“Take, then, three mirrors,” says Beatrice, Dante’s virginal guide to Par-
adise, “and let two of them be set at equal distance from thyself, the
third set farther off, between the others. Face toward them, and behind
thy back install a lamp which so illuminates all three that thou canst see
its image in them all. Thou wilt perceive that the more distant one, re-
flecting least in quantity of light, will be as brilliant as the other two.”
Just so, the light of God shines equally on all of His creation, regardless
of the distance from Him.

Throughout Paradiso, imagery involving light, glass, and mirrors
predominates. In the mystical finale, Dante is allowed to gaze directly at
the “Living Light,” a Trinity of self-mirroring glory. In contrast to the
scientific experiment described at the beginning of the poem, in which
the light source was hidden behind the observer, the three mirrors are
now gloriously self-illuminating. “Of that Exalted Light, I saw three
rings of one dimension, yet of triple hue. One seemed to be reflected by
the next, as Iris is by Iris; and the third seemed fire, shed forth equally
by both.”

Following Dante’s devotional mirrors, the most popular mirror title
of the fourteenth century, Speculum Humanae Salvationis (Mirror of
Human Salvation), was also religious. Nonetheless, secular mirror titles
increased dramatically after 1300, gracing medical, astrological, and al-
chemical texts, and the attitude toward the once-sacred mirror became
ambivalent. Poet Jean Molinet (1425-1507) called his midnight mirror
“an impossible and contrary monster,” imagining that in the Garden of
Eden a glorious mirror perfectly reflected the image of God before
Adam and Eve ate the forbidden fruit, whereupon, when they looked in
the mirror, it cracked in two. In Sebastian Brandt’s 1494 Das Narren
Schiff (The Ship of Fools), morons use mirrors—a vain young man
changes his clothes before one, a conceited old man believes himself
wise in his, a lady contemplates her beauty in her mirror while the Devil
sets fire to her bench. Frang¢ois Rabelais placed 9,332 mirrors in as
many bedrooms in Gargantua (1525).
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The Elizabethan Looking Glass

By 1500, more than 350 European books had mirror titles of one sort
or another. With the invention of printing in the middle of the fifteenth
century, the number of such titles exploded, particularly between 1550
and 1650. In The Mutable Glass, the classic study of mirror titles, au-
thor Herbert Grabes calls the mirror “the central metaphor of a literary
era,” especially in Elizabethan England.

Glass mirrors had become so widespread that the words “mirror”
and “glass” were interchangeable. Mirror metaphors, in titles and in lit-
erature, took on a rich layer of meanings, depending on the context.
There were, of course, religious tracts, such as A Christal Glasse of
Christian Reformation. Others, such as A Myrroure for Magistrates
(1559), held up an exemplary mirror, exhorting politicians to behave
well, as did the hard-hitting A Trewe Mirrour or Glasse Wherein We
Maye Beholde the Woful State of Thys Our Realme of Englande (1556).

Some titles, such as the Mirrour of Princely Deedes and Knighthood
(1578), were eulogies to heroic figures, whereas the Christal Glasse for
Christian Women (1591) was a best-selling moral mirror, as was the tit-
illating A Glasse for Amorouse Maydens to Looke In (1582). The
Mariners Mirrour (1588), Myrrour for English Souldiers (1595), and A
Mirror for Mathematiques (1587) were practical how-to books, along
with lengthy titles such as This Is the Myrour or Glasse of Helthe Nec-
essary and Nedeful for Euery Person to Loke In, That Wyll Kepe Their
Body from the Syckenes of the Pestylence (1531), or A Mirrour of
Loue, Which Such Light Doth Giue, That All Men May Learne, Howe
to Loue and Liue (1555). Similar titles, suitably modernized, still pop-
ulate the self-help sections of modern bookstores.

In The Steel Glass, published in 1576, British satirical poet George
Gascoigne poked fun at court life, contrasting it with country virtues.
“What monsters muster here [in my mirror],” he wrote, “with angels’
face, and harmful hellish hearts?” Such men used the newfangled
“christall glasse” mirrors from Venice rather than the traditional mir-
rors of steel, which Gascoigne preferred.

Mirror titles reflected every conceivable point of view. The Mirrour
of Madnes, or a Paradoxe Maintyning Madnes to be Most Excellent
(1576) sat on the shelf beside A Mirrhor Mete for All Mothers, Ma-
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trones, and Maidens (1579). The Mirrour of Mirth and Pleasant Con-
ceits (1583) might provoke a smile, whereas reading the English title of
a 1576 translation of Pope Innocent III’s gloomy treatise was enough to
depress anyone: The Mirror of Mans Lyfe, Plainely Describing, What
Weake Moulde We are Made of: What Miseries We are Subiect unto:
Howe Uncertaine This Life Is: and What Shal Be Our Ende. And then
there were the polemicists whose cracked mirrors reflected their sour
views, such as the 1594 anti-Catholic A Mirrour of Popish Subtilties or
the 1587 diatribe against the theater, The Mirrour of Monsters:
Wherein Is Plainely Described the Manifold Vices, & Spotted Enormi-
ties, That are Caused by the Infectious Sight of Playes.

In the popular plays themselves, mirrors and mirror metaphors often
played an important role. William Shakespeare’s works, composed be-
tween 1589 and 1613, glitter with witty mirror references, many of
them central to his concern with identity, illusion, and reality. “Me-
thinks you are my glass,” says Dromio to his newly discovered twin
brother at the end of The Comedy of Errors. “I see by you I am a sweet-
fac’d youth.”

In The Two Gentlemen of Verona, Julia, disguised as a sunburned
man, describes herself to another character who doesn’t realize the irony.
“Since she did neglect her looking-glass, / And threw her sun-expelling
mask away, / The air hath starv’d the roses in her cheeks, / And pinch’d
the lily-tincture of her face, / That now she is become as black as 1.”
Here, Shakespeare subtly mocked the manners of the times, which de-
manded that women have white complexions and rouged cheeks, which
they frequently checked in their mirrors. “For there was never yet fair
woman but she made mouths in a glass,” the Fool tells King Lear.

In Sonnet LXII, Shakespeare toyed with the notion of male narcis-
sism. “Sin of self-love possesseth all mine eye, / and all my soul, and all
my every part. ... Methinks no face so gracious is as mine.” But then
“my glass shows me myself indeed, / Beated and chopp’d with tann’d
antiquity.” In the final couplet, he explained that because his beloved is
himself, and he adores her so totally, loving her is like loving himself.

By the late sixteenth century, mirrors were so common and had ac-
quired such stereotypical symbolic weight that Shakespeare could pull
off these clever reversals, knowing that his audiences would appreciate
them. In courting a French princess, the rough-hewn King Henry V says
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that he cannot “gasp out my eloquence,” but he hopes that she can love
a fellow “that never looks in his glass for love of any thing he sees
there. . . . I speak to thee plain soldier.”

Sometimes the mirror is not just a metaphor but literally takes center
stage. After he has been deposed, Richard II asks for a mirror. When he
looks at himself, he is surprised to see that he looks the same as ever.
“No deeper wrinkles yet? Hath sorrow struck / So many blows upon
this face of mine, / And made no deeper wounds? O flatt’ring glass, /
Thou dost beguile me! ... Was this the face / That like the sun, did
make beholders wink? . .. A brittle glory shineth in this face, / As brit-
tle as the glory is the face”—with this, Richard dashes the mirror in
pieces on the ground.

In other Shakespearean scenes, the mirror tells hard truths. Hamlet
uses his mother’s bedroom mirror to force her to face reality. “Sit you
down, you shall not boudge; / You go not till I set you up a glass /
Where you may see the [inmost] part of you.” Such stark mirrors often
reflect human mortality. “Death remembered should be like a mirror, /
Who tells us life’s but breath, to trust it error,” Pericles asserts.

Ultimately, Shakespeare held the mirror up to nature, as Hamlet ad-
vises the itinerant players to do, and mostly that meant holding it up to
human nature. In one of his most intriguing passages, in Measure for
Measure, Shakespeare had one of his strong female characters spit:

But man, proud man,

Dress’d in a little brief authority,

Most ignorant of what he’s most assur’d

(His glassy essence), like an angry ape

Plays such fantastic tricks before high heaven

As make the angels weep.

Man’s “glassy essence” is the brave-looking but illusory and fragile
figure he sees in his mirror, the one that struts and frets its hour upon
the stage. He sees himself in an imperfect mirror, and he is most igno-
rant of that which he thinks he knows best—his own essential charac-
ter. He has no more self-knowledge than the ape that, confronting him-
self in the mirror, angrily postures before the image of another
posturing ape he sees there.
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Many other British poets of the era, including Edmund Spenser,
Philip Sidney, Samuel Daniel, John Davies, Michael Drayton, John
Suckling, Henry Constable, Joseph Beaumont, George Chapman, Fulke
Greville, and John Donne, used mirror metaphors to reflect on the
human condition, especially in love poems, such as “Elegies of Love”
by John Davies:

Within thine eyes (the Mirrors of my mind)
Mine eyes behold themselves, wherein they see
(As through a Glass) what in my Soul 1 find;
And so my Soul’s right shape 1 see in thee.

Neither was the mirror limited to British literature. Italian poet Gi-
ambattista Marino reversed the metaphor, asserting that his beloved
was so beautiful that her face itself served as a perfect mirror.

Miguel de Cervantes had Don Quixote compare his ideal lady to “a
brilliant and polished crystal mirror that the slightest breath darkens
and tarnishes. She should be treated like a relic, adored but not
touched.” Cervantes was, of course, mocking Petrarchan attitudes; Don
Quixote’s idealized love was in reality a prostitute.

Abraham Cowley twisted the theme to mock vanity: “Can that for
true love pass,/ When a fair woman courts her glass?” James Shirley cau-
tioned beautiful women to use their mirrors to reflect their inner worth:

For not to make them proud

These glasses are allowed

But to compare

The inward beauty with the outward grace,

And make them fair in soul as well as face.

Because expensive Venetian mirrors were fragile, they sometimes be-
came “that brittle Emblem of Corruption” for poets such as Joseph
Beaumont. The same poet could turn around and utilize mirror
metaphors in a completely different context, though. Thus, Beaumont
also wrote of the “never-erring Glass ... Truth’s Mirror.”

Such a truthful mirror was the opposite of the “flattering glass,” a
type of mirror that supposedly made people look better than they did in
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reality. Perhaps these mirrors were slightly convex, to make people look
thinner, but it is likely that they were simply poor mirrors that didn’t re-
veal wrinkles or other blemishes. Queen Elizabeth, whose heavy white
makeup usually hid her face, apparently used such a flattering glass
most of her life. According to an early biographer, in her final days “she
desired to see a true looking glass, which in twenty years she had not
seen, but only such a one as was made of purpose to deceive her sight:
which glass, being brought her, she fell presently into exclaiming
against those which had so much commended her.”

Spiritual Optics and Mirrors of Piss

After 1610, when Galileo’s telescope revolutionized the world of sci-
ence, authors quickly adapted the new technology to their mirror titles.
John Vicars’s A Prospective Glasse to Looke into Heaven (1618) was
not, despite its reference to the telescope, a book on astronomy but
rather a religious tract. In 1628, the Prospectiue Glasse of Warre of-
fered a detailed how-to-battle book. The subjects didn’t change much,
other than to reflect the increasing influence of the Puritans. A Prospec-
tive-glasse For Gamesters; or, a Short Treatise Against Gaming was the
title of a 1646 diatribe, and Spiritual Optics: or a Glasse Discovering
the Weaknesse and Imperfection of a Christians Knowledge of This Life
was a lively 1651 text.

Seventeenth-century literary mirrors often reflected strong sectarian
views. As Oliver Cromwell took over and then Charles II mounted the
throne, there were pro- and antimonarch books such as A Looking
Glass for Traytors ... Who Contrived and Compassed the Death of
His Late Sacred Majesty King Charles the First (1660). Unflattering
mirrors were held up to drunkards, mutineers, corn-hoarders, papists,
Quakers, Jews, Anabaptists, married couples, women, corrupt lawyers,
soap makers, the Irish, Parliament, fanatics, and New England
colonists.

Sensationalistic titles appealed at once to prurient and puritanical
sensibilities. A Looking-Glasse for Young-Men and Maids (1655) told
the cautionary tale of two lovers who fell into a brewer’s vat while
“striving about a kiss.” The most titillating item was A Looking-Glass
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for Wanton Women by the Example and Expiation of Mary Higgs,
Who Was Executed on Wednesday the 8th of July, 1677, for Commit-
ting the Odious Sin of Buggery, with her Dog, Who Was Hanged on a
Tree the Same Day.

By the end of the seventeenth century, the secularization of the mir-
ror was clearly complete.* In England, a urine-filled chamber pot was
humorously and euphemistically called a looking glass. Physician John
Collop wrote doggerel to explain how he could make a medical diag-
nosis by examining human waste: “Hence looking-glasses, Chamber-
pots we call, / ’Cause in your piss we can discover all.”

*Japanese mirror titles had similarly evolved toward the secular and erotic, with

books such as the 1685 Shikidé Okagami (The Great Mirror of the Art of Love).






Chapter 6

A NEW WAY OF SEEING

The mirror—above all, the mirror is our teacher.

LEONARDO DA VINCI (I452-1I519)

He who cannot see himself might as well not exist.

BALTHAZAR GRACIAN (1584-1658)

WH ILE RENAISSANCE literature reflected the mirror’s
transformation from a largely sacred object to a common one, in
Renaissance painting the mirror was an essential age