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Chapter 1

THE
MOST
PRECIOUS
THING




All our science, measured against reality,
is primitive and childlike —and yet it is
the most precious thing we have.

ALBERT EINSTEIN
(1879-1955)



As I got off the plane, he was waiting for me, holding up a scrap of
cardboard with my name scribbled on it. I was on my way to a
conference of scientists and TV broadcasters devoted to the seemingly
hopeless prospect of improving the presentation of science on com-
mercial television. The organizers had kindly sent a driver.

“Do you mind if I ask you a question?” he said as we waited for my
bag.
No, I didn’t mind.

“Isn’t it confusing to have the same name as that scientist guy?”
It took me a moment to understand. Was he pulling my leg? Fi-
nally, it dawned on me.

“I am that scientist guy,” I answered.

He paused and then smiled. “Sorry. That’s my problem. I thought
it was yours too.”

He put out his hand. “My name is William F. Buckley.” (Well, he
wasn't exactly William F. Buckley, but he did bear the name of a con-
tentious and well-known TV interviewer, for which he doubtless took
a lot of good-natured ribbing.)

As we settled into the car for the long drive, the windshield wipers
rthythmically thwacking, he told me he was glad I was “that scientist
guy” —he had so many questions to ask about science. Would I mind?

No, I didn’t mind.

And so we got to talking. But not, as it turned out, about science.
He wanted to talk about frozen extraterrestrials languishing in an Air
Force base near San Antonio, “channeling” (a way to hear what's on
the minds of dead people—not much, it turns out), crystals, the
prophecies of Nostradamus, astrology, the shroud of Turin ... He in-
troduced each portentous subject with buoyant enthusiasm. Each
time I had to disappoint him:

“The evidence is crummy,” I kept saying. “There’s a much simpler
explanation.”
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He was, in a way, widely read. He knew the various speculative nu-
ances on, let’s say, the “sunken continents” of Atlantis and Lemuria.
He had at his fingertips what underwater expeditions were supposedly
just setting out to find the tumbled columns and broken minarets of a
once-great civilization whose remains were now visited only by deep
sea luminescent fish and giant kraken. Except . .. while the ocean
keeps many secrets, | knew that there isn't a trace of oceanographic or
geophysical support for Atlantis and Lemuria. As far as science can
tell, they never existed. By now a little reluctantly, I told him so.

As we drove through the rain, I could see him getting glummer
and glummer. I was dismissing not just some errant doctrine, but a
precious facet of his inner life.

And yet there’s so much in real science that’s equally exciting, more
mysterious, a greater intellectual challenge —as well as being a lot
closer to the truth. Did he know about the molecular building blocks
of life sitting out there in the cold, tenuous gas between the stars? Had
he heard of the footprints of our ancestors found in 4-million-year-old
volcanic ash? What about the raising of the Himalayas when India went
crashing into Asia? Or how viruses, built like hypodermic syringes, slip
their DNA past the host organism'’s defenses and subvert the reproduc-
tive machinery of cells; or the radio search for extraterrestrial intelli-
gence; or the newly discovered ancient civilization of Ebla that
advertised the virtues of Ebla beer? No, he hadn’t heard. Nor did he
know, even vaguely, about quantum indeterminacy, and he recognized
DNA only as three frequently linked capital letters.

Mr. “Buckley” —well-spoken, intelligent, curious—had heard vir-
tually nothing of modern science. He had a natural appetite for the
wonders of the Universe. He wanted to know about science. It’s just
that all the science had gotten filtered out before it reached him. Our
cultural motifs, our educational system, our communications media
had failed this man. What the society permitted to trickle through was
mainly pretense and confusion. It had never taught him how to distin-
guish real science from the cheap imitation. He knew nothing about
how science works.

There are hundreds of books about Atlantis—the mythical conti-
nent that is said to have existed something like 10,000 years ago in the
Atlantic Ocean. (Or somewhere. A recent book locates it in Antarc-
tica.) The story goes back to Plato, who reported it as hearsay coming
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down to him from remote ages. Recent books authoritatively describe
the high level of Atlantean technology, morals, and spirituality, and
the great tragedy of an entire populated continent sinking beneath the
waves. There is a “New Age” Atlantis, “the legendary civilization of ad-
vanced sciences,” chiefly devoted to the “science” of crystals. In a tril-
ogy called Crystal Enlightenment, by Katrina Raphaell —the books
mainly responsible for the crystal craze in America—Atlantean crys-
tals read minds, transmit thoughts, are the repositories of ancient his-
tory and the model and source of the pyramids of Egypt. Nothing
approximating evidence is offered to support these assertions. (A resur-
gence of crystal mania may follow the recent finding by the real sci-
ence of seismology that the inner core of the Earth may be composed
of a single, huge, nearly perfect crystal —of iron.)

A few books—Dorothy Vitaliano’s Legends of the Earth, for exam-
ple —sympathetically interpret the original Atlantis legends in terms of
a small island in the Mediterranean that was destroyed by a volcanic
eruption, or an ancient city that slid into the Gulf of Corinth after an
earthquake. This, for all we know, may be the source of the legend,
but it is a far cry from the destruction of a continent on which had
sprung forth a preternaturally advanced technical and mystical civi-
lization.

What we almost never find—in public libraries or newsstand mag-
azines or prime time television programs—is the evidence from sea
floor spreading and plate tectonics, and from mapping the ocean floor
which shows quite unmistakably that there could have been no conti-
nent between Europe and the Americas on anything like the timescale
proposed.

Spurious accounts that snare the gullible are readily available.
Skeptical treatments are much harder to find. Skepticism does not sell
well. A bright and curious person who relies entirely on popular cul-
ture to be informed about something like Atlantis is hundreds or thou-
sands of times more likely to come upon a fable treated uncritically
than a sober and balanced assessment.

Maybe Mr. “Buckley” should know to be more skeptical about
what’s dished out to him by popular culture. But apart from that, it's
hard to see how it’s his fault. He simply accepted what the most widely
available and accessible sources of information claimed was true. For
his naiveté, he was systematically misled and bamboozled.
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Science arouses a soaring sense of wonder. But so does pseudo-
science. Sparse and poor popularizations of science abandon ecologi-
cal niches that pseudoscience promptly fills. If it were widely
understood that claims to knowledge require adequate evidence be-
fore they can be accepted, there would be no room for pseudoscience.
But a kind of Gresham’s Law prevails in popular culture by which bad
science drives out good.

All over the world there are enormous numbers of smart, even
gifted, people who harbor a passion for science. But that passion is un-
requited. Surveys suggest that some g5 percent of Americans are “sci-
entifically illiterate.” That's just the same fraction as those African
Americans, almost all of them slaves, who were illiterate just before
the Civil War—when severe penalties were in force for anyone who
taught a slave to read. Of course there’s a degree of arbitrariness about
any determination of illiteracy, whether it applies to language or to sci-
ence. But anything like g5 percent illiteracy is extremely serious.

Every generation worries that educational standards are decaying.
One of the oldest short essays in human history, dating from Sumer
some 4,000 years ago, laments that the young are disastrously more ig-
norant than the generation immediately preceding. Twenty-four hun-
dred years ago, the aging and grumpy Plato, in Book VII of the Laws,
gave his definition of scientific illiteracy:

Who is unable to count one, two, three, or to distinguish odd from
even numbers, or is unable to count at all, or reckon night and
day, and who is totally unacquainted with the revolution of the
Sun and Moon, and the other stars . . . All freemen, I conceive,
should learn as much of these branches of knowledge as every
child in Egypt is taught when he learns the alphabet. In that
country arithmetical games have been invented for the use of
mere children, which they learn as pleasure and amusement . . .
[...have late in life heard with amazement of our ignorance in
these matters; to me we appear to be more like pigs than men, and
[ am quite ashamed, not only of myself, but of all Greeks.

I don’t know to what extent ignorance of science and mathematics
contributed to the decline of ancient Athens, but I know that the con-
sequences of scientific illiteracy are far more dangerous in our time
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than in any that has come before. It’s perilous and foolhardy for the av-
erage citizen to remain ignorant about global warming, say, or ozone
depletion, air pollution, toxic and radioactive wastes, acid rain, topsoil
erosion, tropical deforestation, exponential population growth. Jobs
and wages depend on science and technology. If our nation can’t man-
ufacture, at high quality and low price, products people want to buy,
then industries will continue to drift away and transfer a little more
prosperity to other parts of the world. Consider the social ramifications
of fission and fusion power, supercomputers, data “highways,” abor-
tion, radon, massive reductions in strategic weapons, addiction, gov-
ernment eavesdropping on the lives of its citizens, high-resolution TV,
airline and airport safety, fetal tissue transplants, health costs, food ad-
ditives, drugs to ameliorate mania or depression or schizophrenia, ani-
mal rights, superconductivity, morning-after pills, alleged hereditary
antisocial predispositions, space stations, going to Mars, finding cures
for AIDS and cancer.

How can we affect national policy—or even make intelligent
decisions in our own lives—if we don’t grasp the underlying issues?
As I write, Congress is dissolving its own Office of Technology
Assessment—the only organization specifically tasked to provide
advice to the House and Senate on science and technology. Its com-
petence and integrity over the years have been exemplary. Of the
535 members of the U.S. Congress, rarely in the twentieth century
have as many as one percent had any significant background in sci-
ence. The last scientifically literate President may have been Thomas
Jefferson.*

So how do Americans decide these matters? How do they instruct
their representatives? Who in fact makes these decisions, and on what
basis?

Hippocrates of Cos is the father of medicine. He is still remembered
2,500 years later for the Hippocratic Oath (a modified form of which is

* Although claims can be made for Theodore Roosevelt, Herbert Hoover and
Jimmy Carter. Britain had such a Prime Minister in Margaret Thatcher. Her early
studies in chemistry, in part under the tutelage of Nobel Laureate Dorothy Hodgkins,
were key to the U.K''s strong and successful advocacy that ozone-depleting CFCs be
banned worldwide.
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still here and there taken by medical students upon their graduation).
But he is chiefly celebrated because of his efforts to bring medicine
out of the pall of superstition and into the light of science. In a typical
passage Hippocrates wrote: “Men think epilepsy divine, merely be-
cause they do not understand it. But if they called everything divine
which they do not understand, why, there would be no end of divine
things.” Instead of acknowledging that in many areas we are ignorant,
we have tended to say things like the Universe is permeated with the
ineffable. A God of the Gaps is assigned responsibility for what we do
not yet understand. As knowledge of medicine improved since the
fourth century B.C., there was more and more that we understood and
less and less that had to be attributed to divine intervention —either in
the causes or in the treatment of disease. Deaths in childbirth and in-
fant mortality have decreased, lifetimes have lengthened, and medi-
cine has improved the quality of life for billions of us all over the
planet.

In the diagnosis of disease, Hippocrates introduced elements of the
scientific method. He urged careful and meticulous observation:
“Leave nothing to chance. Overlook nothing. Combine contradictory
observations. Allow yourself enough time.” Before the invention of the
thermometer, he charted the temperature curves of many diseases. He
recommended that physicians be able to tell, from present symptoms
alone, the probable past and future course of each illness. He stressed
honesty. He was willing to admit the limitations of the physician’s
knowledge. He betrayed no embarrassment in confiding to posterity
that more than half his patients were killed by the diseases he was
treating. His options of course were limited; the drugs available to him
were chiefly laxatives, emetics, and narcotics. Surgery was performed,
and cauterization. Considerable further advances were made in classi-
cal times through the fall of Rome.

While medicine in the Islamic world flourished, what followed in
Europe was truly a dark age. Much knowledge of anatomy and surgery
was lost. Reliance on prayer and miraculous healing abounded. Secu-
lar physicians became extinct. Chants, potions, horoscopes, and
amulets were widely used. Dissections of cadavers were restricted or
outlawed, so those who practiced medicine were prevented from ac-
quiring firsthand knowledge of the human body. Medical research
came to a standstill.
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It was very like what the historian Edward Gibbon described for
the entire Eastern Empire, whose capital was Constantinople:

In the revolution of ten centuries, not a single discovery was made
to exalt the dignity or promote the happiness of mankind. Not a
single idea had been added to the speculative systems of antiquity,
and a succession of patient disciples became in their turn the dog-
matic teachers of the next servile generation.

Even at its best, pre-modern medical practice did not save many.
Queen Anne was the last Stuart monarch of Great Britain. In the last
17 years of the seventeenth century, she was pregnant 18 times. Only
five children were born alive. Only one of them survived infancy. He
died before reaching adulthood, and before her coronation in 1702.
There seems to be no evidence of some genetic disorder. She had the
best medical care money could buy.

Diseases that once tragically carried off countless infants and
children have been progressively mitigated and cured by science—
through the discovery of the microbial world, via the insight that
physicians and midwives should wash their hands and sterilize their
instruments, through nutrition, public health and sanitation measures,
antibiotics, drugs, vaccines, the uncovering of the molecular structure
of DNA, molecular biology, and now gene therapy. In the developed
world at least, parents today have an enormously better chance of
seeing their children live to adulthood than did the heir to the throne
of one of the most powerful nations on Earth in the late seventeenth
century. Smallpox has been wiped out worldwide. The area of our
planet infested with malaria-carrying mosquitoes has dramatically
shrunk. The number of years a child diagnosed with leukemia can
expect to live has been increasing progressively, year by year. Science
permits the Earth to feed about a hundred times more humans, and
under conditions much less grim, than it could a few thousand years
ago.

We can pray over the cholera victim, or we can give her 500 mil-
ligrams of tetracycline every 12 hours. (There is still a religion, Christ-
ian Science, that denies the germ theory of disease; if prayer fails, the
faithful would rather see their children die than give them antibiotics.)
We can try nearly futile psychoanalytic talk therapy on the schizo-
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phrenic patient, or we can give him 300 to 500 milligrams a day of
clozapine. The scientific treatments are hundreds or thousands of
times more effective than the alternatives. (And even when the alter-
natives seem to work, we don’t actually know that they played any role:
Spontaneous remissions, even of cholera and schizophrenia, can
occur without prayer and without psychoanalysis.) Abandoning sci-
ence means abandoning much more than air conditioning, CD play-
ers, hair dryers, and fast cars.

In hunter-gatherer, pre-agricultural times, the human life ex-
pectancy was about 20 to 30 years. That'’s also what it was in Western
Europe in Late Roman and in Medieval times. It didn’t rise to 40 years
until around the year 1870. It reached 5o in 1915, 60 in 1930, 70 in
1955, and is today approaching 8o (a little more for women, a little less
for men). The rest of the world is retracing the European increment in
longevity. What is the cause of this stunning, unprecedented, humani-
tarian transition? The germ theory of disease, public health measures,
medicines and medical technology. Longevity is perhaps the best sin-
gle measure of the physical quality of life. (If you're dead, there’s little
you can do to be happy.) This is a precious offering from science to
humanity—nothing less than the gift of life.

But microorganisms mutate. New diseases spread like wildfire.
There is a constant battle between microbial measures and human
countermeasures. We keep pace in this competition not just by
designing new drugs and treatments, but by penetrating progressively
more deeply toward an understanding of the nature of life —basic
research.

If the world is to escape the direst consequences of global popula-
tion growth and 10 or 12 billion people on the planet in the late twenty-
first century, we must invent safe but more efficient means of growing
food —with accompanying seed stocks, irrigation, fertilizers, pesti-
cides, transportation and refrigeration systems. It will also take widely
available and acceptable contraception, significant steps toward politi-
cal equality of women, and improvements in the standards of living of
the poorest people. How can all this be accomplished without science
and technology?

I know that science and technology are not just cornucopias pour-
ing gifts out into the world. Scientists not only conceived nuclear
weapons; they also took political leaders by the lapels, arguing that
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their nation —whichever it happened to be—had to have one first.
Then they manufactured over 60,000 of them. During the Cold War,
scientists in the United States, the Soviet Union, China and other na-
tions were willing to expose their own fellow citizens to radiation—in
most cases without their knowledge—to prepare for nuclear war.
Physicians in Tuskegee, Alabama misled a group of veterans into
thinking they were receiving medical treatment for their syphilis,
when they were the untreated controls. The atrocious cruelties of Nazi
doctors are well-known. Our technology has produced thalidomide,
CFCs, Agent Orange, nerve gas, pollution of air and water, species ex-
tinctions, and industries so powerful they can ruin the climate of the
planet. Roughly half the scientists on Earth work at least part-time for
the military. While a few scientists are still perceived as outsiders,
courageously criticizing the ills of society and providing early wamnings
of potential technological catastrophes, many are seen as compliant
opportunists, or as the willing source of corporate profits and weapons
of mass destruction—never mind the long-term consequences. The
technological perils that science serves up, its implicit challenge to re-
ceived wisdom, and its perceived difficulty, are all reasons for some
people to mistrust and avoid it. There’s a reason people are nervous
about science and technology. And so the image of the mad scientist
haunts our world—down to the white-coated loonies of Saturday
morning children’s TV and the plethora of Faustian bargains in popu-
lar culture, from the eponymous Dr. Faustus himself to Dr. Franken-
stein, Dr. Strangelove, and Jurassic Park.

But we can’t simply conclude that science puts too much power
into the hands of morally feeble technologists or corrupt, power-crazed
politicians and so decide to get rid of it. Advances in medicine and agri-
culture have saved vastly more lives than have been lost in all the wars
in history.” Advances in transportation, communication, and enter-
tainment have transformed and unified the world. In opinion poll after
opinion poll science is rated among the most admired and trusted oc-
cupations, despite the misgivings. The sword of science is double-

* At a dinner table recently, I asked the assembled guests—ranging in age, |
guess, from thirties to sixties—how many of them would be alive today if not for an-
tibiotics, cardiac pacemakers, and the rest of the panoply of modern medicine. Only
one hand went up. It was not mine.
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edged. Its awesome power forces on all of us, including politicians, but
of course especially on scientists, a new responsibility—more attention
to the long-term consequences of technology, a global and transgener-
ational perspective, an incentive to avoid easy appeals to nationalism
and chauvinism. Mistakes are becoming too expensive.

Do we care what'’s true? Does it matter?

. . . where ignorance is bliss,
'Tis folly to be wise

wrote the poet Thomas Gray. But is it? Edmund Way Teale in his 1950
book Circle of the Seasons understood the dilemma better:

It is morally as bad not to care whether a thing is true or not, so
long as it makes you feel good, as it is not to care how you got your
money as long as you have got it.

It’s disheartening to discover government corruption and incompe-
tence, for example; but is it better not to know about it? Whose interest
does ignorance serve? If we humans bear, say, hereditary propensities
toward the hatred of strangers, isn’t self-knowledge the only antidote?
If we long to believe that the stars rise and set for us, that we are the
reason there is a Universe, does science do us a disservice in deflating
our conceits?

In The Genealogy of Morals, Friedrich Nietzsche, as so many be-
fore and after, decries the “unbroken progress in the self-belittling of
man” brought about by the scientific revolution. Nietzsche mourns
the loss of “man’s belief in his dignity, his uniqueness, his irreplace-
ability in the scheme of existence.” For me, it is far better to grasp the
Universe as it really is than to persist in delusion, however satisfying
and reassuring. Which attitude is better geared for our long-term sur-
vival? Which gives us more leverage on our future? And if our naive
self-confidence is a little undermined in the process, is that altogether
such a loss? Is there not cause to welcome it as a maturing and charac-
ter-building experience?

To discover that the Universe is some 8 to 15 billion and not 6 to 12
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thousand years old* improves our appreciation of its sweep and
grandeur; to entertain the notion that we are a particularly complex
arrangement of atoms, and not some breath of divinity, at the very least
enhances our respect for atoms; to discover, as now seems probable,
that our planet is one of billions of other worlds in the Milky Way
Galaxy and that our galaxy is one of billions more, majestically ex-
pands the arena of what is possible; to find that our ancestors were also
the ancestors of apes ties us to the rest of life and makes possible im-
portant—if occasionally rueful —reflections on human nature.

Plainly there is no way back. Like it or not, we are stuck with sci-
ence. We had better make the best of it. When we finally come to
terms with it and fully recognize its beauty and its power, we will find,
in spiritual as well as in practical matters, that we have made a bargain
strongly in our favor.

But superstition and pseudoscience keep getting in the way, dis-
tracting all the “Buckleys” among us, providing easy answers, dodging
skeptical scrutiny, casually pressing our awe buttons and cheapening
the experience, making us routine and comfortable practitioners as
well as victims of credulity. Yes, the world would be a more interesting
place if there were UFOs lurking in the deep waters off Bermuda and
eating ships and planes, or if dead people could take control of our
hands and write us messages. It would be fascinating if adolescents
were able to make telephone handsets rocket off their cradles just by
thinking at them, or if our dreams could, more often than can be ex-
plained by chance and our knowledge of the world, accurately foretell
the future.

These are all instances of pseudoscience. They purport to use the
methods and findings of science, while in fact they are faithless to its
nature —often because they are based on insufficient evidence or be-
cause they ignore clues that point the other way. They ripple with
gullibility. With the uninformed cooperation (and often the cynical
connivance) of newspapers, magazines, book publishers, radio, televi-
sion, movie producers, and the like, such ideas are easily and widely

* “No thinking religious person believes this. Old hat,” writes one of the referees
of this book. But many “scientific creationists” not only believe it, but are making in-
creasingly aggressive and successful efforts to have it taught in the schools, museums,
zoos, and textbooks. Why? Because adding up the “begats,” the ages of patriarchs and
others in the Bible, gives such a figure, and the Bible 1s “inerrant.”
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available. Far more difficult to come upon, as [ was reminded by my
encounter with Mr. “Buckley,” are the alternative, more challenging
and even more dazzling findings of science.

Pseudoscience is easier to contrive than science, because distract-
ing confrontations with reality—where we cannot control the out-
come of the comparison —are more readily avoided. The standards of
argument, what passes for evidence, are much more relaxed. In part
for these same reasons, it is much easier to present pseudoscience to
the general public than science. But this isn’t enough to explain its
popularity.

Naturally people try various belief systems on for size, to see if they
help. And if we're desperate enough, we become all too willing to
abandon what may be perceived as the heavy burden of skepticism.
Pseudoscience speaks to powerful emotional needs that science often
leaves unfulfilled. It caters to fantasies about personal powers we lack
and long for (like those attributed to comic book superheroes today,
and earlier, to the gods). In some of its manifestations, it offers satisfac-
tion of spiritual hungers, cures for disease, promises that death is not
the end. It reassures us of our cosmic centrality and importance. It
vouchsafes that we are hooked up with, tied to, the Universe.* Some-
times it’s a kind of halfway house between old religion and new sci-
ence, mistrusted by both.

At the heart of some pseudoscience (and some religion also, New
Age and Old) is the idea that wishing makes it so. How satisfying it
would be, as in folklore and children’s stories, to fulfill our heart’s de-
sire just by wishing. How seductive this notion is, especially when
compared with the hard work and good luck usually required to
achieve our hopes. The enchanted fish or the genie from the lamp
will grant us three wishes—anything we want except more wishes.
Who has not pondered—just to be on the safe side, just in case we
ever come upon and accidentally rub an old, squat brass oil lamp—
what to ask for?

I remember, from childhood comic strips and books, a top-hatted,

* Although it's hard for me to see a more profound cosmic connection than the
astonishing findings of modern nuclear astrophysics: Except for hydrogen, all the
atoms that make each of us up—the iron in our blood, the calcium in our bones,
the carbon in our brains—were manufactured in red giant stars thousands of light-
years away in space and billions of years ago in time. We are, as [ like to say, starstuff.
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mustachioed magician who brandished an ebony walking stick. His
name was Zatara. He could make anything happen, anything at all.
How did he do it? Easy. He uttered his commands backwards. So if he
wanted a million dollars, he would say “srallod noillim a em evig.”
That's all there was to it. It was something like prayer, but much surer
of results.

[ spent a lot of time at age eight experimenting in this vein, com-
manding stones to levitate: “esir, enots.” It never worked. I blamed my
pronunciation.

Pseudoscience is embraced, it might be argued, in exact proportion as
real science is misunderstood—except that the language breaks down
here. If you've never heard of science (to say nothing of how it works),
you can hardly be aware you're embracing pseudoscience. You're sim-
ply thinking in one of the ways that humans always have. Religions are
often the state-protected nurseries of pseudoscience, although there’s
no reason why religions have to play that role. In a way, it’s an artifact
from times long gone. In some countries nearly everyone believes in
astrology and precognition, including government leaders. But this is
not simply drummed into them by religion; it is drawn out of the en-
veloping culture in which everyone is comfortable with these prac-
tices, and affirming testimonials are everywhere.

Most of the case histories I will relate in this book are American—
because these are the cases I know best, not because pseudoscience
and mysticism are more prominent in the United States than else-
where. But the psychic spoon bender and extraterrestrial channeler
Uri Geller hails from Israel. As tensions rise between Algerian secular-
ists and Moslem fundamentalists, more and more people are dis-
creetly consulting the country’s 10,000 soothsayers and clairvoyants
(about half of whom operate with a license from the government).
High French officials, including a former President of France,
arranged for millions of dollars to be invested in a scam (the EIf-
Aquitaine scandal) to find new petroleum reserves from the air. In
Germany, there is concern about carcinogenic “Earth rays” unde-
tectable by science; they can be sensed only by experienced dowsers
brandishing forked sticks. “Psychic surgery” flourishes in the Philip-
pines. Ghosts are something of a national obsession in Britain. Since
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World War II, Japan has spawned enormous numbers of new religions
featuring the supernatural. An estimated 100,000 fortune-tellers flour-
ish in Japan; the clientele are mainly young women. Aum Shinrikyo, a
sect thought to be involved in the release of the nerve gas sarin in the
Tokyo subway system in March 1995, features levitation, faith healing
and ESP among its main tenets. Followers, at a high price, drank the
“miracle pond” water—from the bath of Asahara, their leader. In Thai-
land, diseases are treated with pills manufactured from pulverized sa-
cred Scripture. “Witches” are today being burned in South Africa.
Australian peace-keeping forces in Haiti rescue a woman tied to a tree;
she is accused of flying from rooftop to rooftop, and sucking the blood
of children. Astrology is rife in India, geomancy widespread in China.

Perhaps the most successful recent global pseudoscience—by
many criteria, already a religion—is the Hindu doctrine of transcen-
dental meditation (TM). The soporific homilies of its founder and
spiritual leader, the Maharishi Mahesh Yogi, can be seen on televi-
sion. Seated in the yogi position, his white hair here and there flecked
with black, surrounded by garlands and floral offerings, he has a look.
One day while channel surfing we came upon this visage. “You know
who that is?” asked our four-year-old son. “God.” The worldwide TM
organization has an estimated valuation of $3 billion. For a fee they
promise through meditation to be able to walk you through walls, to
make you invisible, to enable you to fly. By thinking in unison they
have, they say, diminished the crime rate in Washington, D.C., and
caused the collapse of the Soviet Union, among other secular mira-
cles. Not one smattering of real evidence has been offered for any such
claims. TM sells folk medicine, runs trading companies, medical clin-
ics and “research” universities, and has unsuccessfully entered politics.
In its oddly charismatic leader, its promise of community, and the
offer of magical powers in exchange for money and fervent belief, it is
typical of many pseudosciences marketed for sacerdotal export.

At each relinquishing of civil controls and scientific education an-
other little spurt in pseudoscience occurs. Leon Trotsky described it
for Germany on the eve of the Hitler takeover (but in a description
that might equally have applied to the Soviet Union of 1933):

Not only in peasant homes, but also in city skyscrapers, there lives
along side the twentieth century the thirteenth. A hundred mil-
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lion people use electricity and still believe in the magic powers of
signs and exorcisms. . . Movie stars go to mediums. Aviators who
pilot miraculous mechanisms created by man’s genius wear
amulets on their sweaters. What inexhaustible reserves they pos-
sess of darkness, ignorance and savagery!

Russia is an instructive case. Under the Tsars, religious superstition
was encouraged, but scientific and skeptical thinking—except by a few
tame scientists—was ruthlessly expunged. Under Communism, both
religion and pseudoscience were systematically suppressed —except
for the superstition of the state ideological religion. It was advertised as
scientific, but fell as far short of this ideal as the most unselfcritical
mystery cult. Critical thinking—except by scientists in hermetically
sealed compartments of knowledge —was recognized as dangerous,
was not taught in the schools, and was punished where expressed. As a
result, post-Communism, many Russians view science with suspicion.
When the lid was lifted, as was also true of virulent ethnic hatreds,
what had all along been bubbling subsurface was exposed to view. The
region is now awash in UFOs, poltergeists, faith healers, quack medi-
cines, magic waters, and old-time superstition. A stunning decline in
life expectancy, increasing infant mortality, rampant epidemic disease,
subminimal medical standards, and ignorance of preventative medi-
cine all work to raise the threshold at which skepticism is triggered in
an increasingly desperate population. As I write, the electorally most
popular member of the Duma, a leading supporter of the ultranation-
alist Vladimir Zhirinovsky, is one Anatoly Kashpirovsky —a faith healer
who remotely cures diseases ranging from hernias to AIDS by glaring
at you out of your television set. His face starts stopped clocks.

A somewhat analogous situation exists in China. After the death of
Mao Zedong and the gradual emergence of a market economy,
UFOs, channeling and other examples of Western pseudoscience
emerged, along with such ancient Chinese practices as ancestor
worship, astrology and fortune telling— especially that version that in-
volves throwing yarrow sticks and working through the hoary hexa-
grams of the I Ching. The government newspaper lamented that “the
superstition of feudal ideology is reviving in our countryside.” It was
(and remains) a rural, not primarily an urban, affliction.

Individuals with “special powers” gained enormous followings.
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They could, they said, project Qi, the “energy field of the Universe,”
out of their bodies to change the molecular structure of a chemical
2000 kilometers away, to communicate with aliens, to cure diseases.
Some patients died under the ministrations of one of these “masters of
Qi Gong” who was arrested and convicted in 1993. Wang Hongcheng,
an amateur chemist, claimed to have synthesized a liquid, small
amounts of which, when added to water, would convert it to gasoline
or the equivalent. For a time he was funded by the army and the secret
police, but when his invention was found to be a scam he was arrested
and imprisoned. Naturally the story spread that his misfortune resulted
not from fraud, but from his unwillingness to reveal his “secret for-
mula” to the government. (Similar stories have circulated in America
for decades, usually with the government role replaced by a major oil
or auto company.) Asian rhinos are being driven to extinction because
their horns, when pulverized, are said to prevent impotence; the mar-
ket encompasses all of East Asia.

The government of China and the Chinese Communist Party
were alarmed by certain of these developments. On December s,
1994, they issued a joint proclamation that read in part:

[P]ublic education in science has been withering in recent years.
At the same time, activities of superstition and ignorance have
been growing, and antiscience and pseudoscience cases have be-
come frequent. Therefore, effective measures must be applied as
soon as possible to strengthen public education in science. The
level of public.education in science and technology is an impor-
tant sign of the national scientific accomplishment. It is a matter
of overall importance in economic development, scientific ad-
vance, and the progress of society. We must be attentive and im-
plement such public education as part of the strategy to
modernize our socialist country and to make our nation powerful
and prosperous. Ignorance is never socialist, nor is poverty.

So pseudoscience in America is part of a global trend. Its causes,
dangers, diagnosis and treatment are likely to be similar everywhere.
Here, psychics ply their wares on extended television commercials,
personally endorsed by entertainers. They have their own channel, the
“Psychic Friends Network”; a million people a year sign on and use
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such guidance in their everyday lives. For the CEOs of major corpora-
tions, for financial analysts, for lawyers and bankers there is a species of
astrologer/soothsayer/psychic ready to advise on any matter. “If people
knew how many people, especially the very rich and powerful ones,
went to psychics, their jaws would drop through the floor,” says a psy-
chic from Cleveland, Ohio. Royalty has traditionally been vulnerable
to psychic frauds. In ancient China and Rome astrology was the exclu-
sive property of the emperor; any private use of this potent art was con-
sidered a capital offense. Emerging from a particularly credulous
Southern California culture, Nancy and Ronald Reagan relied on an
astrologer in private and public matters—unknown to the voting pub-
lic. Some portion of the decision-making that influences the future of
our civilization is plainly in the hands of charlatans. If anything, the
practice is comparatively muted in America; its venue is worldwide.

As amusing as some of pseudoscience may seem, as confident as we
may be that we would never be so gullible as to be swept up by such a
doctrine, we know it’s happening all around us. Transcendental Medi-
tation and Aum Shinrikyo seem to have attracted a large number of ac-
complished people, some with advanced degrees in physics or
engineering. These are not doctrines for nitwits. Something else is
going on.

What's more, no one interested in what religions are and how they
begin can ignore them. While vast barriers may seem to stretch be-
tween a local, single-focus contention of pseudoscience and some-
thing like a world religion, the partitions are very thin. The world
presents us with nearly insurmountable problems. A wide variety of so-
lutions are offered, some of very limited worldview, some of porten-
tous sweep. In the usual Darwinian natural selection of doctrines,
some thrive for a time, while most quickly vanish. But a few —some-
times, as history has shown, the most scruffy and least prepossessing
among them —may have the power to profoundly change the history
of the world.

The continuum stretching from ill-practiced science, pseudo-
science, and superstition (New Age or Old), all the way to respectable
mystery religion, based on revelation, is indistinct. I try not to use the
word “cult” in this book in its usual meaning of a religion the speaker
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dislikes, but try to reach for the headstone of knowledge—do they re-
ally know what they claim to know? Everyone, it turns out, has rele-
vant expertise.

In certain passages of this book I will be critical of the excesses of
theology, because at the extremes it is difficult to distinguish pseudo-
science from rigid, doctrinaire religion. Nevertheless, I want to ac-
knowledge at the outset the prodigious diversity and complexity of
religious thought and practice over the millennia; the growth of liberal
religion and ecumenical fellowship during the last century; and the
fact that—as in the Protestant Reformation, the rise of Reform Ju-
daism, Vatican II, and the so-called higher criticism of the Bible —reli-
gion has fought (with varying degrees of success) its own excesses. But
in parallel to the many scientists who seem reluctant to debate or even
publicly discuss pseudoscience, many propenents of mainstream reli-
gions are reluctant to take on extreme conservatives and fundamental-
ists. If the trend continues, eventually the field is theirs; they can win
the debate by default.

One religious leader writes to me of his longing for “disciplined in-
tegrity” in religion:

We have grown far too sentimental. . . Devotionalism and cheap
psychology on one side, and arrogance and dogmatic intolerance
on the other distort authentic religious life almost beyond recogni-
tion. Sometimes I come close to despair, but then I live tena-
ciously and always with hope. . . Honest religion, more familiar
than its critics with the distortions and absurdities perpetrated in
its name, has an active interest in encouraging a healthy skepti-
cism for its own purposes. . . There is the possibility for religion
and science to forge a potent partnership against pseudo-science.
Strangely, I think it would soon be engaged also in opposing
pseudo-religion.

Pseudoscience differs from erroneous science. Science thrives on
errors, cutting them away one by one. False conclusions are drawn all
the time, but they are drawn tentatively. Hypotheses are framed so
they are capable of being disproved. A succession of alternative hy-
potheses is confronted by experiment and observation. Science gropes
and staggers toward improved understanding. Proprietary feelings are
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of course offended when a scientific hypothesis is disproved, but such
disproofs are recognized as central to the scientific enterprise.

Pseudoscience is just the opposite. Hypotheses are often framed
precisely so they are invulnerable to any experiment that offers a
prospect of disproof, so even in principle they cannot be invalidated.
Practitioners are defensive and wary. Skeptical scrutiny is opposed.
When the pseudoscientific hypothesis fails to catch fire with scientists,
conspiracies to suppress it are deduced.

Motor ability in healthy people is almost perfect. We rarely stum-
ble and fall, except in young and old age. We can learn tasks such as
riding a bicycle or skating or skipping, jumping rope or driving a car,
and retain that mastery for the rest of our lives. Even if we've gone a
decade without doing it, it comes back to us effortlessly. The precision
and retention of our motor skills may, however, give us a false sense of
confidence in our other talents. Our perceptions are fallible. We
sometimes see what isn’t there. We are prey to optical illusions. Occa-
sionally we hallucinate. We are error-prone. A most illuminating book
called How We Know What Isn't So: The Fallibility of Human Reason
in Everyday Life, by Thomas Gilovich, shows how people systemati-
cally err in understanding numbers, in rejecting unpleasant evidence,
in being influenced by the opinions of others. We're good in some
things, but not in everything. Wisdom lies in understanding our limi-
tations. “For Man is a giddy thing,” teaches William Shakespeare.
That’s where the stuffy skeptical rigor of science comes in.

Perhaps the sharpest distinction between science and pseudo-
science is that science has a far keener appreciation of human imper-
fections and fallibility than does pseudoscience (or “inerrant”
revelation). If we resolutely refuse to acknowledge where we are liable
to fall into error, then we can confidently expect that error—even seri-
ous error, profound mistakes—will be our companion forever. But if
we are capable of a little courageous self-assessment, whatever rueful
reflections they may engender, our chances improve enormously.

If we teach only the findings and products of science —no matter
how useful and even inspiring they may be —without communicating
its critical method, how can the average person possibly distinguish
science from pseudoscience? Both then are presented as unsupported
assertion. In Russia and China, it used to be easy. Authoritative sci-
ence was what the authorities taught. The distinction between science
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and pseudoscience was made for you. No perplexities needed to be
muddled through. But when profound political changes occurred and
strictures on free thought were loosened, a host of confident or charis-
matic claims—especially those that told us what we wanted to hear—
gained a vast following. Every notion, however improbable, became
authoritative.

It is a supreme challenge for the popularizer of science to make
clear the actual, tortuous history of its great discoveries and the misap-
prehensions and occasional stubborn refusal by its practitioners to
change course. Many, perhaps most, science textbooks for budding sci-
entists tread lightly here. It is enormously easier to present in an ap-
pealing way the wisdom distilled from centuries of patient and
collective interrogation of Nature than to detail the messy distillation
apparatus. The method of science, as stodgy and grumpy as it may
seem, is far more important than the findings of science.



Chapter 2

SCIENCE
AND HOPE




Two men came to a hole in the sky.
One asked the other to lifthimup . ..
But so beautiful was it in heaven that
the man who looked in over the edge
forgot everything, forgot his companion
whom he had promised to help up

and simply ran off into all the

splendor of heaven.

from an Iglulik Inuit prose poem, early
twentieth century, toldby INUGPASUG]JUK
to KNUD RASMUSSEN, the Greenlandic

arctic explorer



l was a child in a time of hope. I wanted to be a scientis* from my ear-
liest school days. The crystallizing moment came when I first
caught on that the stars are mighty suns, when it first dawned on me
how staggeringly far away they must be to appear as mere points of
light in the sky. I'm not sure I even knew the meaning of the word “sci-
ence” then, but I wanted somehow to immerse myself in all that
grandeur. I was gripped by the splendor of the Universe, transfixed by
the prospect of understanding how things really work, of helping to
uncover deep mysteries, of exploring new worlds—maybe even liter-
ally. It has been my good fortune to have had that dream in part ful-
filled. For me, the romance of science remains as appealing and new
as it was on that day, more than half a century ago, when I was shown
the wonders of the 1939 World’s Fair.

Popularizing science—trying to make its methods and findings ac-
cessible to non-scientists—then follows naturally and immediately.
Not explaining science seems to me perverse. When you're in love,
you want to tell the world. This book is a personal statement, reflect-
ing my lifelong love affair with science.

But there’s another reason: Science is more than a body of knowl-
edge; it is a way of thinking. I have a foreboding of an America in my
children’s or grandchildren’s time —when the United States is a ser-
vice and information economy; when nearly all the key manufactur-
ing industries have slipped away to other countries; when awesome
technological powers are in the hands of a very few, and no one repre-
senting the public interest can even grasp the issues; when the people
have lost the ability to set their own agendas or knowledgeably ques-
tion those in authority; when, clutching our crystals and nervously
consulting our horoscopes, our critical faculties in decline, unable to
distinguish between what feels good and what’s true, we slide, almost
without noticing, back into superstition and darkness.

The dumbing down of America is most evident in the slow decay
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of substantive content in the enormously influential media, the 30-
second sound bites (now down to 10 seconds or less), lowest common
denominator programming, credulous presentations on pseudo-
science and superstition, but especially a kind of celebration of igno-
rance. As [ write, the number-one videocassette rental in America is
the movie Dumb and Dumber. “Beavis and Butthead” remain popular
(and influential) with young TV viewers. The plain lesson is that study
and learning—not just of science, but of anything—are avoidable,
even undesirable.

We've arranged a global civilization in which most crucial ele-
ments — transportation, communications, and all other industries;
agriculture, medicine, education, entertainment, protecting the envi-
ronment; and even the key democratic institution of voting— pro-
foundly depend on science and technology. We have also arranged
things so that almost no one understands science and technology. This
is a prescription for disaster. We might get away with it for a while, but
sooner or later this combustible mixture of ignorance and power is
going to blow up in our faces.

A Candle in the Dark is the title of a courageous, largely Biblically
based, book by Thomas Ady, published in London in 1656, attacking
the witch hunts then in progress as a scam “to delude the people.” Any
illness or storm, anything out of the ordinary, was popularly attributed
to witchcraft. Witches must exist, Ady quoted the “witchmongers” as
arguing—“else how should these things be, or come to pass?” For
much of our history, we were so fearful of the outside world, with its
unpredictable dangers, that we gladly embraced anything that
promised to soften or explain away the terror. Science is an attempt,
largely successful, to understand the world, to get a grip on things, to
get hold of ourselves, to steer a safe course. Microbiology and meteo-
rology now explain what only a few centuries ago was considered suffi-
cient cause to burn women to death.

Ady also warned of the danger that “the Nations [will] perish for
lack of knowledge.” Avoidable human misery is more often caused not
so much by stupidity as by ignorance, particularly our ignorance about
ourselves. I worry that, especially as the Millennium edges nearer,
pseudoscience and superstition will seem year by year more tempting,
the siren song of unreason more sonorous and attractive. Where have
we heard it before? Whenever our ethnic or national prejudices are
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aroused, in times of scarcity, during challenges to national self-esteem
or nerve, when we agonize about our diminished cosmic place and
purpose, or when fanaticism is bubbling up around us—then, habits
of thought familiar from ages past reach for the controls.

The candle flame gutters. Its little pool of light trembles. Darkness
gathers. The demons begin to stir.

—_—

There is much that science doesn’t understand, many mysteries still to
be resolved. In a Universe tens of billions of light-years across and
some ten or fifteen billion years old, this may be the case forever. We
are constantly stumbling on surprises. Yet some New Age and religious
writers assert that scientists believe that “what they find is all there is.”
Scientists may reject mystic revelations for which there is no evidence
except somebody’s say-so, but they hardly believe their knowledge of
Nature to be complete.

Science is far from a perfect instrument of knowledge. It’s just the
best we have. In this respect, as in many others, it’s like democracy.
Science by itself cannot advocate courses of human action, but it can
certainly illuminate the possible consequences of alternative courses
of action.

The scientific way of thinking is at once imaginative and disci-
plined. This is central to its success. Science invites us to let the facts
in, even when they don’t conform to our preconceptions. It counsels
us to carry alternative hypotheses in our heads and see which best fit
the facts. It urges on us a delicate balance between no-holds-barred
openness to new ideas, however heretical, and the most rigorous skep-
tical scrutiny of everything—new ideas and established wisdom. This
kind of thinking is also an essential tool for a democracy in an age of
change.

One of the reasons for its success is that science has built-in, error-
correcting machinery at its very heart. Some may consider this an
overbroad characterization, but to me every time we exercise self-
criticism, every time we test our ideas against the outside world, we are
doing science. When we are self-indulgent and uncritical, when we
confuse hopes and facts, we slide into pseudoscience and superstition.

Every time a scientific paper presents a bit of data, it's accompa-
nied by an error bar—a quiet but insistent reminder that no knowl-
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edge is complete or perfect. It's a calibration of how much we trust
what we think we know. If the error bars are small, the accuracy of our
empirical knowledge is high; if the error bars are large, then so is the
uncertainty in our knowledge. Except in pure mathematics, nothing is
known for certain (although much is certainly false).

Moreover, scientists are usually careful to characterize the veridi-
cal status of their attempts to understand the world —ranging from
conjectures and hypotheses, which are highly tentative, all the way up
to laws of Nature which are repeatedly and systematically confirmed
through many interrogations of how the world works. But even laws of
Nature are not absolutely certain. There may be new circumstances
never before examined—inside black holes, say, or within the elec-
tron, or close to the speed of light—where even our vaunted laws of
Nature break down and, however valid they may be in ordinary cir-
cumstances, need correction. ‘

Humans may crave absolute certainty; they may aspire to it; they
may pretend, as partisans of certain religions do, to have attained it.
But the history of science— by far the most successful claim to knowl-
edge accessible to humans—teaches that the most we can hope for is
successive improvement in our understanding, learning from our mis-
takes, an asymptotic approach to the Universe, but with the proviso
that absolute certainty will always elude us.

We will always be mired in error. The most each generation can
hope for is to reduce the error bars a little, and to add to the body of data
to which error bars apply. The error bar is a pervasive, visible self-
assessment of the reliability of our knowledge. You can often see error
bars in public opinion polls (“an uncertainty of plus or minus 3 per-
cent,” say). Imagine a society in which every speech in the Congres-
sional Record, every television commercial, every sermon had an
accompanying error bar or its equivalent.

One of the great commandments of science is, “Mistrust arguments
from authority.” (Scientists, being primates, and thus given to domi-
nance hierarchies, of course do not always follow this commandment.)
Too many such arguments have proved too painfully wrong. Authori-
ties must prove their contentions like everybody else. This indepen-
dence of science, its occasional unwillingness to accept conventional
wisdom, makes it dangerous to doctrines less self-critical, or with pre-
tensions to certitude.
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Because science carries us toward an understanding of how the
world is, rather than how we would wish it to be, its findings may not
in all cases be immediately comprehensible or satisfying. It may take a
little work to restructure our mindsets. Some of science is very simple.
When it gets complicated, that’s usually because the world is compli-
cated—or because we're complicated. When we shy away from it be-
cause it seems too difficult (or because we’ve been taught so poorly),
we surrender the ability to take charge of our future. We are disenfran-
chised. Our self-confidence erodes.

But when we pass beyond the barrier, when the findings and meth-
ods of science get through to us, when we understand and put this
knowledge to use, many feel deep satisfaction. This is true for every-
one, but especially for children—born with a zest for knowledge,
aware that they must live in a future molded by science, but so often
convinced in their adolescence that science is not for them. I know
personally, both from having science explained to me and from my at-
tempts to explain it to others, how gratifying it is when we get it, when
obscure terms suddenly take on meaning, when we grasp what all the
fuss is about, when deep wonders are revealed.

In its encounter with Nature, science invariably elicits a sense of
reverence and awe. The very act of understanding is a celebration of
joining, merging, even if on a very modest scale, with the magnifi-
cence of the Cosmos. And the cumulative worldwide buildup of
knowledge over time converts science into something only a little
short of a transnational, transgenerational meta-mind.

“Spirit” comes from the Latin word “to breathe.” What we breathe
is air, which is certainly matter, however thin. Despite usage to the
contrary, there is no necessary implication in the word “spiritual” that
we are talking of anything other than matter (including the matter of
which the brain is made), or anything outside the realm of science.
On occasion, I will feel free to use the word. Science is not only com-
patible with spirituality; it is a profound source of spirituality. When
we recognize our place in an immensity of light-years and in the pas-
sage of ages, when we grasp the intricacy, beauty, and subtlety of life,
then that soaring feeling, that sense of elation and humility combined,
is surely spiritual. So are our emotions in the presence of great art or
music or literature, or of acts of exemplary selfless courage such as
those of Mohandas Gandhi or Martin Luther King, Jr. The notion that
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science and spirituality are somehow mutually exclusive does a disser-

vice to both.

Science may be hard to understand. It may challenge cherished be-
liefs. When its products are placed at the disposal of politicians or in-
dustrialists, it may lead to weapons of mass destruction and grave
threats to the environment. But one thing you have to say about it: It
delivers the goods.

Not every branch of science can foretell the future— paleontology
can’t—but many can and with stunning accuracy. If you want to know
when the next eclipse of the Sun will be, you might try magicians or
mystics, but you'll do much better with scientists. They will tell you
where on Earth to stand, when you have to be there, and whether it
will be a partial eclipse, a total eclipse, or an annular eclipse. They can
routinely predict a solar eclipse, to the minute, a millennium in ad-
vance. You can go to the witch doctor to lift the spell that causes your
pernicious anemia, or you can take vitamin B,,. If you want to save
your child from polio, you can pray or you can inoculate. If you're in-
terested in the sex of your unborn child, you can consult plumb-bob
danglers all you want (left-right, a boy; forward-back, a girl —or maybe
it’s the other way around), but they’ll be right, on average, only one
time in two. If you want real accuracy (here, 99 percent accuracy), try
amniocentesis and sonograms. Try science.

Think of how many religions attempt to validate themselves with
prophecy. Think of how many people rely on these prophecies, how-
ever vague, however unfulfilled, to support or prop up their beliefs. Yet
has there ever been a religion with the prophetic accuracy and relia-
bility of science? There isn't a religion on the planet that doesn’t long
for a comparable ability— precise, and repeatedly déemonstrated before
committed skeptics—to foretell future events. No other human insti-
tution comes close.

Is this worshiping at the altar of science? Is this replacing one faith
by another, equally arbitrary? In my view, not at all. The directly ob-
served success of science is the reason I advocate its use. If something
else worked better, I would advocate the something else. Does science
insulate itself from philosophical criticism? Does it define itself as hav-
ing a monopoly on the “truth”? Think again of that eclipse a thousand
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years in the future. Compare as many doctrines as you can think of,
note what predictions they make of the future, which ones are vague,
which ones are precise, and which doctrines—every one of them sub-
ject to human fallibility—have error-correcting mechanisms built in.
Take account of the fact that not one of them is perfect. Then simply
pick the one that in a fair comparison works (as opposed to feels) best.
If different doctrines are superior in quite separate and independent
fields, we are of course free to choose several —but not if they contra-
dict one another. Far from being idolatry, this is the means by which
we can distinguish the false idols from the real thing.

Again, the reason science works so well is partly that built-in error-
correcting machinery. There are no forbidden questions in science,
no matters too sensitive or delicate to be probed, no sacred truths.
That openness to new ideas, combined with the most rigorous, skepti-
cal scrutiny of all ideas, sifts the wheat from the chaff. It makes no dif-
ference how smart, august, or beloved you are. You must prove your
case in the face of determined, expert criticism. Diversity and debate
are valued. Opinions are encouraged to contend—substantively and
in depth.

The process of science may sound messy and disorderly. In a way,
it is. If you examine science in its everyday aspect, of course you find
that scientists run the gamut of human emotion, personality, and char-
acter. But there’s one facet that is really striking to the outsider, and
that is the gauntlet of criticism considered acceptable or even desir-
able. There is much warm and inspired encouragement of apprentice
scientists by their mentors. But the poor graduate student at his or her
Ph.D. oral exam is subjected to a withering crossfire of questions from
the very professors who have the candidate’s future in their grasp. Nat-
urally the students are nervous; who wouldn’t be? True, they've pre-
pared for it for years. But they understand that at this critical moment,
they have to be able to answer searching questions posed by experts.
So in preparing to defend their theses, they must practice a very useful
habit of thought: They must anticipate questions; they have to ask:
Where in my dissertation is there a weakness that someone else might
find? I'd better identify it before they do.

You sit in at contentious scientific meetings. You find university
colloquia in which the speaker has hardly gotten 30 seconds into the
talk before there are devastating questions and comments from the au-
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dience. You examine the conventions in which a written report is sub-
mitted to a scientific journal, for possible publication, then is con-
veyed by the editor to anonymous referees whose job it is to ask: Did
the author do anything stupid? Is there anything in here that is suffi-
ciently interesting to be published? What are the deficiencies of this
paper? Have the main results been found by anybody else? Is the argu-
ment adequate, or should the paper be resubmitted after the author
has actually demonstrated what is here only speculated on? And it’s
anonymous: The author doesn’t know who the critics are. This is the
everyday expectation in the scientific community.

Why do we put up with it? Do we like to be criticized? No, no sci-
entist enjoys it. Every scientist feels a proprietary affection for his or
her ideas and findings. Even so, you don't reply to critics, Wait a
minute; this is a really good idea; I'm very fond of it; it's done you no
harm,; please leave it alone. Instead, the hard but just rule is that if the
ideas don’t work, you must throw them away. Don’t waste neurons on
what doesn’t work. Devote those neurons to new ideas that better ex-
plain the data. The British physicist Michael Faraday warned of the
powerful temptation

to seek for such evidence and appearances as are in the favour of
our desires, and to disregard those which oppose them. . . We re-
ceive as friendly that which agrees with [us], we resist with dislike
that which opposes us; whereas the very reverse is required by
every dictate of common sense.

Valid criticism does you a favor.

Some people consider science arrogant—especially when it pur-
ports to contradict beliefs of long standing or when it introduces
bizarre concepts that seem contradictory to common sense. Like an
earthquake that rattles our faith in the very ground we're standing on,
challenging our accustomed beliefs, shaking the doctrines we have
grown to rely upon can be profoundly disturbing. Nevertheless, 1
maintain that science is part and parcel humility. Scientists do not
seek to impose their needs and wants on Nature, but instead humbly
interrogate Nature and take seriously what they find. We are aware
that revered scientists have been wrong. We understand human imper-
fection. We insist on independent and —to the extent possible —quan-
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wrong before.” Despite all the talk of humility, show me something
comparable in religion. Scripture is said to be divinely inspired—a
phrase with many meanings. But what if it's simply made up by fallible
humans? Miracles are attested, but what if they're instead some mix of
charlatanry, unfamiliar states of consciousness, misapprehensions of
natural phenomena, and mental illness? No contemporary religion
and no New Age belief seems to me to take sufficient account of the
grandeur, magnificence, subtlety and intricacy of the Universe re-
vealed by science. The fact that so little of the findings of modern sci-
ence is prefigured in Scripture to my mind casts further doubt on its
divine inspiration.
But of course I might be wrong.

Read the following two paragraphs—not to understand the science de-
scribed, but to get a feeling for the author’s style of thinking. He is fac-
ing anomalies, apparent paradoxes in physics; “asymmetries” he calls
them. What can we learn from them?

It is known that Maxwell’s electrodynamics— as usually under-
stood at the present time—when applied to moving bodies, leads
to asymmetries which do not appear to be inherent in the phe-
nomena. Take, for example, the reciprocal electrodynamic action
of a magnet and a conductor. The observable phenomenon here
depends only on the relative motion of the conductor and the
magnet, whereas the customary view draws a sharp distinction be-
tween the two cases in which either the one or the other of these
bodies is in motion. For if the magnet is in motion and the con-
ductor at rest, there arises in the neighbourhood of the magnet an
electric field with a certain definite energy, producing a current at
the places where parts of the conductor are situated. But if the
magnet is stationary and the conductor in motion, no electric
field arises in the neighbourhood of the magnet. In the conductor,
however, we find an electromotive force, to which in itself there is
no corresponding energy, but which gives rise —assuming equality
of relative motion in the two cases discussed —to electric currents
of the same path and intensity as those produced by the electric
forces in the former case.

Examples of this sort, together with the unsuccessful attempts
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to discover any motion of the earth relative to the “ether,” suggest
that the phenomena of electrodynamics as well as of mechanics
possess no properties corresponding to the idea of absolute rest.
They suggest rather that, as has already been shown to the first
order of small quantities, the same laws of electrodynamics and
optics will be valid for all frames of reference for which the equa-
tions of mechanics hold good.

What is the author trying to tell us here? I'll try to explain the back-
ground later in this book. For now, we can perhaps recognize that the
language is spare, technical, cautious, clear, and not a jot more com-
plicated than it need be. You would not offhand guess from how it’s
phrased (or from its unostentatious title, “On the Electrodynamics of
Moving Bodies”) that this article represents the crucial arrival of the
theory of Special Relativity into the world, the gateway to the tri-
umphant announcement of the equivalence of mass and energy, the
deflation of the conceit that our small world occupies some “privi-
leged reference frame” in the Universe, and in several different ways
an epochal event in human history. The opening words of Albert Ein-
stein’s 1905 paper are characteristic of the scientific report. It is refresh-
ingly unself-serving, circumspect, understated. Contrast its restrained
tone with, say, the products of modern advertising, political speeches,
authoritative theological pronouncements—or for that matter the
blurb on the cover of this book.

Notice how Einstein’s paper begins by trying to make sense of ex-
perimental results. Wherever possible, scientists experiment. Which
experiments suggest themselves often depends on which theories cur-
rently prevail. Scientists are intent on testing those theories to the
breaking point. They do not trust what is intuitively obvious. That the
Earth is flat was once obvious. That heavy bodies fall faster than light
ones was once obvious. That bloodsucking leeches cure most diseases
was once obvious. That some people are naturally and by divine de-
cree slaves was once obvious. That there is such a place as the center
of the Universe, and that the Earth sits in that exalted spot was once
obvious. That there is an absolute standard of rest was once obvious.
The truth may be puzzling or counterintuitive. It may contradict
deeply held beliefs. Experiment is how we get a handle on it.

At a dinner many decades ago, the physicist Robert W. Wood was
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asked to respond to the toast, “To physics and metaphysics.” By “meta-
physics,” people then meant something like philosophy, or truths you
could recognize just by thinking about them. They could also have in-
cluded pseudoscience. Wood answered along these lines:

The physicist has an idea. The more he thinks it through, the more
sense it seems to make. He consults the scientific literature. The more
he reads, the more promising the idea becomes. Thus prepared, he
goes to the laboratory and devises an experiment to test it. The experi-
ment is painstaking. Many possibilities are checked. The accuracy of
measurement is refined, the error bars reduced. He lets the chips fall
where they may. He is devoted only to what the experiment teaches.
At the end of all this work, through careful experimentation, the idea
is found to be worthless. So the physicist discards it, frees his mind
from the clutter of error, and moves on to something else.*

The difference between physics and metaphysics, Wood con-
cluded as he raised his glass high, is not that the practitioners of one
are smarter than the practitioners of the other. The difference is that
the metaphysicist has no laboratory.

For me, there are four main reasons for a concerted effort to convey
science—in radio, TV, movies, newspapers, books, computer pro-
grams, theme parks, and classrooms—to every citizen. In all uses of
science, it is insufficient—indeed it is dangerous—to produce only a
small, highly competent, well-rewarded priesthood of professionals.
Instead, some fundamental understanding of the findings and meth-
ods of science must be available on the broadest scale.

* Despite plentiful opportunities for misuse, science can be the
golden road out of poverty and backwardness for emerging nations. It
makes national economies and the global civilization run. Many na-
tions understand this. It is why so many graduate students in science
and engineering at American universities—still the best in the

* As the pioneering physicist Benjamin Franklin put it, “In going on with these
experiments, how many pretty systems do we build, which we soon find ourselves
obliged to destroy?” At the very least, he thought, the experience sufficed to “help to
make a vain Man humble.”
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world—are from other countries. The corollary, one that the United
States sometimes fails to grasp, is that abandoning science is the road
back into poverty and backwardness.
* Science alerts us to the perils introduced by our world-altering
technologies, especially to the global environment on which our lives
depend. Science provides an essential early warning system.
*  Science teaches us about the deepest issues of origins, natures, and
fates— of our species, of life, of our planet, of the Universe. For the first
time in human history we are able to secure a real understanding of
some of these matters. Every culture on Earth has addressed such is-
sues and valued their importance. All of us feel goosebumps when we
approach these grand questions. In the long run, the greatest gift of sci-
ence may be in teaching us, in ways no other human endeavor has
been able, something about our cosmic context, about where, when,
and who we are.
* The values of science and the values of democracy are concordant,
in many cases indistinguishable. Science and democracy began—in
their civilized incarnations—in the same time and place, Greece in
the seventh and sixth centuries B.C. Science confers power on anyone
who takes the trouble to learn it (although too many have been sys-
tematically prevented from doing so). Science thrives on, indeed re-
quires, the free exchange of ideas; its values are antithetical to secrecy.
Science holds to no special vantage points or privileged positions.
Both science and democracy encourage unconventional opinions and
vigorous debate. Both demand adequate reason, coherent argument,
rigorous standards of evidence and honesty. Science is a way to call
the bluff of those who only pretend to knowledge. It is a bulwark
against mysticism, against superstition, against religion misapplied to
where it has no business being. If we're true to its values, it can tell us
when we're being lied to. It provides a mid-course correction to our
mistakes. The more widespread its language, rules, and methods, the
better chance we have of preserving what Thomas Jefferson and his
colleagues had in mind. But democracy can also be subverted more
thoroughly through the products of science than any pre-industrial
demagogue ever dreamed.

Finding the occasional straw of truth awash in a great ocean of
confusion and bamboozle requires vigilance, dedication, and courage.
But if we don’t practice these tough habits of thought, we cannot hope
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to solve the truly serious problems that face us—and we risk becoming
a nation of suckers, a world of suckers, up for grabs by the next charla-
tan who saunters along.

An extraterrestrial being, newly arrived on Earth—scrutinizing what
we mainly present to our children in television, radio, movies, newspa-
pers, magazines, the comics, and many books —might easily conclude
that we are intent on teaching them murder, rape, cruelty, supersti-
tion, credulity, and consumerism. We keep at it, and through constant
repetition many of them finally get it. What kind of society could we
create if, instead, we drummed into them science and a sense of hope?



The moon leaps

In the Great River’s current . . .

Floating on the wind,
What do I resemble?

DU FU,
“Traveling at Night”
(China, Tang Dynasty, 765)



Each field of science has its own complement of pseudoscience.
Geophysicists have flat Earths, hollow Earths, Earths with wildly
bobbing axes to contend with, rapidly rising and sinking continents,
plus earthquake prophets. Botanists have plants whose passionate
emotional lives can be monitored with lie detectors, anthropologists
have surviving ape-men, zoologists have extant dinosaurs, and evolu-
tionary biologists have Biblical literalists snapping at their flanks. Ar-
chaeologists have ancient astronauts, forged runes, and spurious
statuary. Physicists have perpetual motion machines, an army of ama-
teur relativity disprovers, and perhaps cold fusion. Chemists still have
alchemy. Psychologists have much of psychoanalysis and almost all of
parapsychology. Economists have long-range economic forecasting.
Meteorologists, so far, have long-range weather forecasting, as in the
sunspot-oriented Farmer’s Almanac (although long-term climate fore-
casting is another matter). Astronomy has, as its most prominent pseu-
doscience, astrology—the discipline out of which it emerged. The
pseudosciences sometimes intersect, compounding the confusion —as
in telepathic searches for buried treasures from Atlantis, or astrological
economic forecasting.

But because I work mainly with planets, and because I've been in-
terested in the possibility of extraterrestrial life, the pseudosciences
that most often park themselves on my doorstep involve other worlds
and what we have come so easily in our time to call “aliens.” In the
chapters immediately following, I want to lay out two recent, some-
what related pseudoscientific doctrines. They share the possibility that
human perceptual and cognitive imperfections play a role in deceiv-
ing us on matters of great import. The first contends that a giant stone
face from ages past is staring expressionlessly up at the sky from the
sands of Mars. The second maintains that alien beings from distant
worlds visit the Earth with casual impunity.

Even when summarized so baldly, isn’t there a kind of thrill in
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contemplating these claims? What if such hoary science fiction
ideas—resonant surely with deep human fears and longings—actually
were coming to pass? Whose interest can fail to be aroused? Immersed
in such material, even the crassest cynic is stirred. Are we absolutely
sure, beyond the shadow of a doubt, that we can dismiss these claims?
And if hardened debunkers can sense the appeal, what must those un-
tutored in scientific skepticism, like Mr. “Buckley,” feel?

For most of history—before spacecraft, before telescopes, when we
were still largely immersed in magical thinking—the Moon was an
enigma. Almost no one thought of it as a world.

What do we actually see when we look up at the Moon with the
naked eye? We make out a configuration of irregular bright and dark
markings—not a close representation of any familiar object. But, al-
most irresistibly, our eyes connect the markings, emphasizing some,
ignoring others. We seek a pattern, and we find one. In world myth
and folklore, many images are seen: a woman weaving, stands of laurel
trees, an elephant jumping off a cliff, a girl with a basket on her back,
a rabbit, the lunar intestines spilled out on its surface after evisceration
by an irritable flightless bird, a woman pounding tapa cloth, a four-
eyed jaguar. People of one culture have trouble understanding how
such bizarre things could be seen by the people of another.

The most common image is the Man in the Moon. Of course, it
doesn’t really look like a man. Its features are lopsided, warped, droop-
ing. There’s a beefsteak or something over the left eye. And what ex-
pression does that mouth convey? An “O” of surprise? A hint of sadness,
even lamentation? Doleful recognition of the travails of life on Earth?
Certainly the face is too round. The ears are missing. [ guess he’s bald
on top. Nevertheless, every time [ look at it, I see a human face.

World folklore depicts the Moon as something prosaic. In the pre-
Apollo generation, children were told that the Moon was made of
green (that is, smelly) cheese, and for some reason this was thought
not marvelous but hilarious. In children’s books and editorial cartoons,
the Man in the Moon is often drawn simply as a face set in a circle, not
too different from the bland “happy face” of a pair of dots and an up-
turned arc. Benignly, he looks down on the nocturnal frolics of ani-
mals and children, of the knife and the spoon.
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Consider again the two categories of terrain we recognize when we
examine the Moon with the naked eye: the brighter forehead, cheeks,
and chin; and the darker eyes and mouth. Through a telescope, the
bright features are revealed to be ancient cratered highlands, dating
back, we now know (from the radioactive dating of samples returned
by the Apollo astronauts), to almost 4.5 billion years ago. The dark fea-
tures are somewhat younger flows of basaltic lava called maria (singu-
lar, mare—both from the Latin word for ocean, although the Moon,
we now know, is dry as a bone). The maria welled up in the first few
hundred million years of lunar history, partly induced by the high-
speed impact of enormous asteroids and comets. The right eye is Mare
Imbrium, the beefsteak drooping over the left eye is the combination
of Mare Serenitatis and Mare Tranquilitatis (where Apollo 11 landed),
and the off-center open mouth is Mare Humorum. (No craters can be
made out by ordinary, unaided human vision.)

The Man in the Moon is in fact a record of ancient catastrophes —
most of which took place before humans, before mammals, before ver-
tebrates, before multicelled organisms, and probably even before life
arose on Earth. It is a characteristic conceit of our species to put a
human face on random cosmic violence.

Humans, like other primates, are a gregarious lot. We enjoy one an-
other’s company. We're mammals, and parental care of the young is
essential for the continuance of the hereditary lines. The parent smiles
at the child, the child smiles back, and a bond is forged or strength-
ened. As soon as the infant can see, it recognizes faces, and we now
know that this skill is hardwired in our brains. Those infants who a
million years ago were unable to recognize a face smiled back less,
were less likely to win the hearts of their parents, and less likely to pros-
per. These days, nearly every infant is quick to identify a human face,
and to respond with a goony grin.

As an inadvertent side effect, the pattern-recognition machinery in
our brains is so efficient in extracting a face from a clutter of other de-
tail that we sometimes see faces where there are none. We assemble
disconnected patches of light and dark and unconsciously try to see a
face. The Man in the Moon is one result. Michelangelo Antonioni’s
film Blowup describes another. There are many other examples.



46 - The Demon-Haunted World

Sometimes it’s a geological formation, such as the Old Man of the
Mountains at Franconia Notch, New Hampshire. We recognize that,
rather than some supernatural agency or an otherwise undiscovered
ancient civilization in New Hampshire, this is the product of erosion
and collapse of a rock face. Anyway, it doesn’t look much like a face
anymore. There’s the Devil’s Head in North Carolina, the Sphinx
Rock in Wastwater, England, the Old Woman in France, the Vartan
Rock in Armenia. Sometimes it's a reclining woman, as Mt. Ixtacci-
huatl in Mexico. Sometimes it's other body parts, like the Grand Tetons
in Wyoming—approached from the West, a pair of mountain peaks
named by French explorers. (Actually there are three.) Sometimes it’s
changing patterns in the clouds. In late medieval and Renaissance
Spain, visions of the Virgin Mary were “confirmed” by people seeing
saints in cloud forms. (While sailing out of Suva, Fiji, I once saw the
head of a truly terrifying monster, jaws agape, set in a brooding storm
cloud.)

Occasionally, a vegetable or a pattern of wood grain or the hide of
a cow resembles a human face. There was a celebrated eggplant that
closely resembled Richard M. Nixon. What shall we deduce from this
fact? Divine or extraterrestrial intervention? Republican meddling in
eggplant genetics? No. We recognize that there are large numbers of
eggplants in the world and that, given enough of them, sooner or later
we’ll come upon one that looks like a human face, even a very particu-
lar human face.

When the face is of a religious personage —as, for example, a tor-
tilla purported to exhibit the face of Jesus—believers tend quickly to
deduce the hand of God. In an age more skeptical than most, they
crave reassurance. Still, it seems unlikely that a miracle is being
worked on so evanescent a medium. Considering how many tortillas
have been pounded out since the beginning of the world, it would be
surprising if a few didn’t have at least vaguely familiar features.*

Magical properties have been ascribed to ginseng and mandrake
roots, in part because of vague resemblances to the human form.

* These cases are very different from that of the so-called Shroud of Turin, which
shows something too close to a human form to be a misapprehended natural pattern
and which is now suggested by carbon-14 dating to be not the death shroud of Jesus,
but a pious hoax from the fourteenth century—a time when the manufacture of fraud-
ulent religious relics was a thriving and profitable home handicraft industry.
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at seeing canals. Or perhaps the whole business was some kind of per-
ceptual delusion.

Much of the idea of Mars as an abode of life, as well as the preva-
lence of “Martians” in popular fiction, derives from the canals. I
myself grew up steeped in this literature, and when I found myself
an experimenter on the Mariner 9 mission to Mars—the first space-
craft to orbit the red planet—naturally I was interested to see what
the real circumstances were. With Mariner 9 and with Viking, we
were able to map the planet pole-to-pole, detecting features hundreds
of times smaller than the best that could be seen from Earth. I found,
not altogether to my surprise, not a trace of canals. There were a few
more or less linear features that had been made out through the tele-
scope—for example, a 5,000-kilometer-long rift valley that would
have been hard to miss. But the hundreds of “classical” canals carry-
ing water from the polar caps through the arid deserts to the parched
equatorial cities simply did not exist. They were an illusion, some
malfunction of the human hand-eye-brain combination at the limit
of resolution when we peer through an unsteady and turbulent
atmosphere.

Even a succession of professional scientists—including famous as-
tronomers who had made other discoveries that are confirmed and
now justly celebrated —can make serious, even profound errors in pat-
tern recognition. Especially where the implications of what we think
we are seeing seem to be profound, we may not exercise adequate self-
discipline and self-criticism. The Martian canal myth constitutes an
important cautionary tale.

For the canals, spacecraft missions provided the means of correct-
ing our misapprehensions. But it is also true that some of the most
haunting claims of unexpected patterns emerge from spacecraft explo-
ration. In the early 1960s, I urged that we be attentive to the possibility
of finding the artifacts of ancient civilizations—either those indige-
nous to a given world, or those constructed by visitors from elsewhere.
I didn’t imagine that this would be easy or probable, and I certainly
did not suggest that, on so important a matter, anything short of iron-
clad evidence would be worth considering.

Beginning with John Glenn’s evocative report of “fireflies” sur-
rounding his space capsule, every time an astronaut reported seeing
something not immediately understood, there were those who de-
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duced “aliens.” Prosaic explanations—specks of paint flecking off the
ship in the space environment, say—were dismissed with contempt.
The lure of the marvelous blunts our critical faculties. (As if a man be-
come a moon is not marvel enough.)

Around the time of the Apollo lunar landings, many non-
experts—owners of small telescopes, flying saucer zealots, writers
for aerospace magazines—pored over the returned photographs
seeking anomalies that NASA scientists and astronauts had over-
looked. Soon there were reports of gigantic Latin letters and Arabic
numerals inscribed on the lunar surface, pyramids, highways, crosses,
glowing UFOs. Bridges were reported on the Moon, radio antennas,
the tracks of enormous crawling vehicles, and the devastation left
by machines able to slice craters in two. Every one of these claims,
though, turns out to be a natural lunar geological formation mis-
judged by amateur analysts, internal reflections in the optics of
the astronauts’ Hasselblad cameras, and the like. Some enthusiasts
discerned the long shadows of ballistic missiles— Soviet missiles it
was ominously confided, aimed at America. The rockets, also de-
scribed as “spires,” turn out to be low hills casting long shadows
when the Sun is near the lunar horizon. A little trigonometry dispels
the mirage.

These experiences also provide fair warning: For a complex terrain
sculpted by unfamiliar processes, amateurs (and sometimes even pro-
fessionals) examining photographs, especially near the limit of resolu-
tion, may get into trouble. Their hopes and fears, the excitement of
possible discoveries of great import, may overwhelm the usual skepti-
cal and cautious approach of science.

If we examine available surface images of Venus, occasionally a
peculiar landform swims into view—as, for example, a rough portrait
of Joseph Stalin discovered by American geologists analyzing Soviet
orbital radar imagery. No one maintains, I gather, that unrecon-
structed Stalinists had doctored the magnetic tapes, or that the former
Soviets were engaged in engineering activities of unprecedented and
hitherto unrevealed scale on the surface of Venus—where every space-
craft to land has been fried in an hour or two. The odds are over-
whelming that this feature, whatever it is, is due to geology. The same
is true of what seems to be a portrait of the cartoon character Bugs
Bunny on the Uranian moon Ariel. A Hubble Space Telescope image
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of Titan in the near-infrared shows clouds roughly configured to make
a world-sized smiling face. Every planetary scientist has a favorite
example.

The astronomy of the Milky Way also is replete with imagined
likenesses—for example, the Horsehead, Eskimo, Owl, Homunculus,
Tarantula, and North American Nebulae, all irregular clouds of gas
and dust, illuminated by bright stars and each on a scale that dwarfs
our solar system. When astronomers mapped the distribution of galax-
ies out to a few hundred million light-years, they found themselves
outlining a crude human form which has been called “the Stickman.”
The configuration is understood as something like enormous adjacent
soap bubbles, the galaxies formed on the surface of adjacent bubbles
and almost no galaxies in the interiors. This makes it quite likely that
they will mark out a pattern with bilateral symmetry something like
the Stickman.

Mars is much more clement than Venus, although the Viking
landers provided no compelling evidence for life. Its terrain is ex-
tremely heterogeneous and diverse. With 100,000 or so close-up pho-
tographs available, it is not surprising that claims have been made over
the years about something unusual on Mars. There is, for example, a
cheerful “happy face” sitting inside a Martian impact crater 8 kilome-
ters (5 miles) across, with a set of radial splash marks outside, making it
look like the conventional representation of a smiling Sun. But no one
claims that this has been engineered by an advanced (and excessively
genial) Martian civilization, perhaps to attract our attention. We recog-
nize that, with objects of all sizes falling out of the sky, with the surface
rebounding, slumping, and reconfiguring itself after each impact, and
with ancient water and mudflows and modern windborne sand sculpt-
ing the surface, a wide variety of landforms must be generated. If we
scrutinize 100,000 pictures, it's not surprising that occasionally we’ll
come upon something like a face. With our brains programmed for
this from infancy, it would be amazing if we couldn’t find one here
and there.

A few small mountains on Mars resemble pyramids. In the Ely-
sium high plateau, there is a cluster of them—the biggest a few kilo-
meters across at the base—all oriented in the same direction. There
is something a little eerie about these pyramids in the desert, so remi-
niscent of the Gizeh plateau in Egypt, and I would love to examine
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them more closely. Is it reasonable, though, to deduce Martian
pharaohs?

Similar features are also known on Earth in miniature, especially
in Antarctica. Some of them would come up to your knees. If we knew
nothing else about them, would it be fair to conclude that they've
been manufactured by scale-model Egyptians living in the Antarctic
wasteland? (The hypothesis loosely fits the observations, but much
else we know about the polar environment and the physiology of hu-
mans speaks against it.) They are, in fact, generated by wind erosion—
the splatter of fine particles picked up by strong winds blowing mainly
in the same direction and, over the years, sculpting what once were ir-
regular hummocks into nicely symmetrical pyramids. They're called
dreikanters, from a German word meaning three sides. This is order
generated out of chaos by natural processes—something we see over
and over again throughout the Universe (in rotating spiral galaxies, for
instance). Each time it happens we're tempted to infer the direct inter-
vention of a Maker.

On Mars, there is evidence of winds much fiercer than any ever ex-
perienced on Earth, ranging up to half the speed of sound. Planet-
wide duststorms are common —carrying fine grains of sand. A steady
pitter-patter of particles moving much faster than in the fiercest gales
of Earth should, over ages of geological time, work profound changes
in rock faces and landforms. It would not be too surprising if a few fea-
tures—even very large ones—were sculpted by aeolian processes into
the pyramidal forms we see.

There is a place on Mars called Cydonia, where a great stone face a
kilometer across stares unblinkingly up at the sky. It is an unfriendly
face, but one that seems recognizably human. In some representa-
tions, it could have been sculpted by Praxiteles. It lies in a landscape
where many low hills have been molded into odd forms, perhaps by
some mixture of ancient mudflows and subsequent wind erosion.
From the number of impact craters, the surrounding terrain looks to
be at least hundreds of millions of years old.

Intermittently, “The Face” has attracted attention, both in the
United States and in the former Soviet Union. The headline in the
November 20, 1984 Weekly World News, a supermarket tabloid not cel-
ebrated for its integrity, read:
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SOVIET SCIENTIST’S AMAZING CLAIM:
RUINED TEMPLES FOUND ON MARS.
SPACE PROBE DISCOVERS REMAINS OF
50,000-YEAR-OLD CIVILIZATION.

The revelations are attributed to an anonymous Soviet source and
breathlessly describe discoveries made by a nonexistent Soviet space
vehicle.

But the story of “The Face” is almost entirely an American one. It
was found by one of the Viking orbiters in 1976. There was an unfortu-
nate dismissal of the feature by a project official as a trick of light and
shadow, which prompted a later accusation that NASA was covering
up the discovery of the Millennium. A few engineers, computer spe-
cialists, and others—some of them contract employees of NASA—
worked on their own time to digitally enhance the image. Perhaps they
hoped for stunning revelations. That's permissible in science, even en-
couraged —as long as your standards of evidence are high. Some of
them were fairly cautious and deserve to be commended for advanc-
ing the subject. Others were less restrained, deducing not only that the
Face was a genuine, monumental sculpture of a human being, but
claiming to find a city nearby with temples and fortifications.* From
spurious arguments, one writer announced that the monuments had a
particular astronomical orientation —not now, though, but half a mil-
lion years ago—from which it followed that the Cydonian wonders
were erected in that remote epoch. But then how could the builders
have been human? Half a million years ago, our ancestors were busy
mastering stone tools and fire. They did not have spaceships.

The Martian Face is compared to “similar faces . . . constructed in
civilizations on Earth. The faces are looking up at the sky because
they're looking up to God.” Or the Face was constructed by the sur-
vivors of an interplanetary war that left the surface of Mars (and the
Moon) pockmarked and ravaged. What causes all those craters any-
way? [s the Face a remnant of a long-extinct human civilization? Were
the builders originally from Earth or Mars? Could the Face have been

* The general idea is quite old, going back at least a century to the Martian canal
myth of Percival Lowell. As one of many examples, P. E. Cleator, in his 1936 book
Rockets Through Space: The Dawn of Interplanetary Travel, speculated: “On Mars, the
crumbling remains of ancient civilizations may be found, mutely testifying to the one-
time glory of a dying world.”
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are—they are worth examining. Unlike the UFO phenomenon, we
have here the opportunity for a definitive experiment. This kind of hy-
pothesis is falsifiable, a property that brings it well into the scientific
arena. | hope that forthcoming American and Russian missions to
Mars, especially orbiters with high-resolution television cameras, will
make a special effort—among hundreds of other scientific questions—
to look much more closely at the pyramids and what some people call
the Face and the city.

Even if it becomes plain to everyone that these Martian features are
geological and not artificial, monumental faces in space (and allied
wonders) will not, I fear, go away. Already there are supermarket
tabloids reporting nearly identical faces seen from Venus to Neptune
(floating in the clouds?). The “findings” are typically attributed to ficti-
tious Russian spacecraft and imaginary space scientists—which of
course makes it marginally harder for a skeptic to check the story out.
One of the Mars face enthusiasts now announces

BREAKTHRU NEWS OF THE CENTURY
CENSORED BY NASA
FOR FEAR OF RELICIOUS UPHEAVALS AND BREAKDOWNS.
THE DISCOVERY OF ANCIENT

ALIEN RUINS ON THE MOON.

A “giant city, size of Los Angeles basin, covered by immense glass
dome, abandoned millions of years ago, and shattered by meteors with
gigantic tower 5 miles tall, with giant one mile square cube on top” is
breathlessly “CONFIRMED” —on the well-studied Moon. The evi-
dence? Photos taken by NASA robotic and Apollo missions whose sig-
nificance was suppressed by the government and overlooked by all
those lunar scientists in many countries who don’t work for the “gov-
ernment.”

The August 18, 1992 issue of Weekly World News reports the discov-
ery by “a secret NASA satellite” of “thousands maybe even millions of
voices” emanating from the black hole at the center of the galaxy Ms;,
all singing “‘Glory, glory, glory to the Lord on high’ over and over
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again.” In English. There is even a tabloid report, fully although murk-
ily illustrated, of a space probe that photographed God, or at least his
eyes and the bridge of his nose, up there in the Orion Nebula.

The July 20, 1993 WWN sports a banner headline, “Clinton Meets
With JFK!” along with a faked photo of a plausibly aged, slumped-over
John Kennedy, having secretly survived the assassination attempt, in a
wheelchair at Camp David. Many pages inside the tabloid, we are in-
formed about another item of possible interest. In “Doomsday Aster-
oids,” an alleged top-secret document quotes alleged “top” scientists
about an alleged asteroid (“M-167") that will allegedly hit the Earth on
November 11, 1993 and “could mean the end of life on Earth.” Presi-
dent Clinton is described as being kept “constantly informed of the as-
teroid’s position and speed.” Perhaps it was one of the items he
discussed in his meeting with President Kennedy. Somehow, the fact
that the Earth escaped this catastrophe did not merit even a retrospec-
tive paragraph after November 1, 1993 uneventfully passed. At least
the headline writer’s judgment not to burden the front page with the
news of the end of the world was vindicated.

Some see this as just a kind of fun. However, we live in a time
when a real long-term statistical threat of an impact of an asteroid
with the Earth has been identified. (This real science is of course the
inspiration, if that's the word, of the WWN story.) Government agen-
cies are studying what to do about it. Stories like this suffuse the sub-
ject with apocalyptic exaggeration and whimsy, make it difficult for
the public to distinguish real perils from tabloid fiction, and conceiv-
ably can impede our ability to take precautionary steps to mitigate the
danger.

The tabloids are often sued—sometimes by actors and actresses
who stoutly deny they have performed loathsome acts—and large
sums of money occasionally change hands. The tabloids must con-
sider such suits as just one of the costs of doing a very profitable busi-
ness. In their defense they often say that they are at the mercy of their
writers and have no institutional responsibility to check out the truth
of what they publish. Sal Ivone, the managing editor of Weekly World
News, discussing the stories he publishes, says “For all I know, they
could be the product of active imaginations. But because we'’re a
tabloid, we don’t have to question ourselves out of a story.” Skepticism
doesn’t sell newspapers. Writers who have defected from the tabloids
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describe “creative” sessions in which writers and editors dream up sto-
ries and headlines out of whole cloth, the more outrageous the better.

Out of their immense readership, are there not many who take the
stories at face value, who believe the tabloids “couldn’t” print it if it
wasn’t so? Some readers I talk to insist they read them only for enter-
tainment, just as they watch “wrestling” on television, that they're not
in the least taken in, that the tabloids are understood by publisher and
reader alike to be whimsies that explore the absurd. They merely exist
outside any universe burdened by rules of evidence. But my mail sug-
gests that large numbers of Americans take the tabloids very seriously
indeed.

In the 199os the tabloid universe is expanding, voraciously gob-
bling up other media. Newspapers, magazines, or television programs
that labor under prissy restraints imposed by what is actually known
are outsold by media outlets with less scrupulous standards. We can
see this in the new generation of acknowledged tabloid television, and
increasingly in what passes for news and information programs.

Such reports persist and proliferate because they sell. And they
sell, I think, because there are so many of us who want so badly to be
jolted out of our humdrum lives, to rekindle that sense of wonder we
remember from childhood, and also, for a few of the stories, to be
able, really and truly, to believe—in Someone older, smarter, and
wiser who is looking out for us. Faith is clearly not enough for many
people. They crave hard evidence, scientific proof. They long for the
scientific seal of approval, but are unwilling to put up with the rigor-
ous standards of evidence that impart credibility to that seal. What a
relief it would be: doubt reliably abolished! Then, the irksome burden
of looking after ourselves would be lifted. We're worried—and for
good reason—about what it means for the human future if we have
only ourselves to rely upon.

These are the modern miracles —shamelessly vouched for by those
who make them up from scratch, bypassing any formal skeptical
scrutiny, and available at low cost in every supermarket, grocery store
and convenience outlet in the land. One of the pretenses of the
tabloids is to make science, the very instrument of our disbelief, con-
firm our ancient faiths and effect a convergence of pseudoscience and
pseudoreligion.

By and large, scientists’ minds are open when exploring new
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worlds. If we knew beforehand what we'd find, it would be unneces-
sary to go. In future missions to Mars or to the other fascinating worlds
in our neck of the cosmic woods, surprises—even some of mythic pro-
portions—are possible, maybe even likely. But we humans have a tal-
ent for deceiving ourselves. Skepticism must be a component of the
explorer’s toolkit, or we will lose our way. There are wonders enough
out there without our inventing any.



