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It is ten o’clock at night as we drive up to the Copacabana, a dilapida​ted brothel on the rue Dessalines in the red-light district of Port-au-Prince. My guide is a young Haitian, Jean-Bernard. Ten years before, J-B tells me, at the age of fourteen, “like every good Haitian boy” he had been brought here by his older cousins for his rite de passage. From the car to the entrance, we are accosted by a half dozen men and women for sex. We enter, go down a long hall that breaks upon a cavernous room with a stone floor. The cubicles of the prostitutes, I am told, are in an attached wing of the building. Save for a red-purple glow from small lights on the walls, the place is unlit. Dark shapes float by, each with a blindingly white stripe of teeth. Latin music is blaring. We take seats at the table farthest from the door. Just outside, there is the rhythmic lapping of the Caribbean Sea. About twenty men are seated at the tables or lean against the walls. Brightly dressed women, singly or in twos or threes, stroll about, now and then exchanging banter with the men. It is as though we have been deposited in act two of Bizet’s Carmen. If this place isn’t Lillas Pastia’s tavern, what is it?

Within minutes, three light-skinned young women arrive at our table. They are very beautiful and young and lively. Let them be Carmen, ​Mercedes and Frasquita.

“I want the old one,” says Frasquita, ruffling my hair. The women laugh uproariously.

“Don’t bother looking any further,” says Mercedes. “We are the prettiest ones.”
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“We only want to talk,” I tell her.

“Aaah, aaah,” she crows. “Massissi. You are massissi.” It is the contemptuous Creole term for homosexual. If we want only to talk, we must be gay. Mercedes and Carmen are slender, each weighing one hundred pounds or less. Frasquita is tall and hefty. They are dressed for work: red taffeta, purple chiffon and black sequins. Among them a thousand gold bracelets and earrings multiply every speck of light. Their bare shoulders are like animated lamps gleaming in the shadowy room. Since there is as yet no business, the women agree to sit with us. J-B orders beer and cigarettes. We pay each woman $10.

“Where are you from?” I begin.

“We are Dominican.”

“Do you miss your country?”
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“Oh, yes, we do.” Six eyes go muzzy with longing. “Our country is 
the most beautiful in the world. No country is like the Dominican. And it doesn’t stink like this one.”

“Then why don’t you work there? Why come to Haiti?”

“Santo Domingo has too many whores. All beautiful, like us. All light-skinned. The Haitian men like to sleep with light women.”

“Why is that?”

“Because always, the whites have all the power and the money. The black men can imagine they do, too, when they have us in bed.”
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Eleven o’clock. I look around the room that is still sparsely peopled with men.

“It isn’t getting any busier,” I say. Frasquita glances over her shoulder. Her eyes drill the darkness.

“It is still early,” she says.

“Could it be that the men are afraid of getting sick?” Frasquita is offended.

“Sick! They do not get sick from us. We are healthy, strong. Every week we go for a checkup. Besides, we know how to tell if we are getting sick.”
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“I mean sick with AIDS.” The word sets off a hurricane of taffeta, chiffon and gold jewelry. They are all gesticulation and fury. It is Carmen who speaks.

“AIDS!” Her lips curl about the syllable. “There is no such thing. It is a false disease invented by the American government to take advantage of the poor countries. The American President hates poor people, so now he makes up AIDS to take away the little we have.” The others nod vehemently.

“Mira, mon cher. Look, my dear,” Carmen continues. “One day the police came here. Believe me, they are worse than the tonton macoutes with their submachine guns. They rounded up one hundred and five of us and they took our blood. That was a year ago. None of us have died, you see? We are all still here. Mira, we sleep with all the men and we are not sick.”

“But aren’t there some of you who have lost weight and have diarrhea?”

“One or two, maybe. But they don’t eat. That is why they are weak.”
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“Only the men die,” says Mercedes. “They stop eating, so they die. It is hard to kill a woman.”

“Do you eat well?”

“Oh, yes, don’t worry, we do. We eat like poor people, but we eat.” There is a sudden scream from Frasquita. She points to a large rat that has emerged from beneath our table.

“My God!” she exclaims. “It is big like a pig.” They burst into laughter. For a moment the women fall silent. There is only the restlessness of their many bracelets. I give them each another $10.

“Are many of the men here bisexual?”
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“Too many. They do it for money. Afterward, they come to us.” ​Carmen lights a cigarette and looks down at the small lace handkerchief she has been folding and unfolding with immense precision on the table. All at once she turns it over as though it were the ace of spades.

“Mira, blanc . . . look, white man,” she says in a voice suddenly full of foreboding. Her skin seems to darken to coincide with the tone of her voice.

“Mira, soon many Dominican women will die in Haiti!”

“Die of what?”

She shrugs. “It is what they do to us.”

35

“Carmen,” I say, “if you knew that you had AIDS, that your blood was bad, would you still sleep with men?” Abruptly, she throws back her head and laughs. It is the same laughter with which Frasquita had greeted the rat at our feet. She stands and the others follow.

“Méchant! You wicked man,” she says. Then, with terrible solemnity, “You don’t know anything.”

“But you are killing the Haitian men,” I say.

“As for that,” she says, “everyone is killing everyone else.” All at once, I want to know everything about these three — their childhood, their dreams, what they do in the afternoon, what they eat for lunch.

“Don’t leave,” I say. “Stay a little more.” Again, I reach for my wallet. But they are gone, taking all the light in the room with them — Mercedes and Carmen to sit at another table where three men have been waiting. Frasquita is strolling about the room. Now and then, as if captured by the music, she breaks into a few dance steps, snapping her fingers, singing to herself.
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Midnight. And the Copacabana is filling up. Now it is like any other seedy nightclub where men and women go hunting. We get up to leave. In the center a couple are dancing a méringue. He is the most graceful dancer I have ever watched; she, the most voluptuous. Together they seem to be riding the back of the music as it gallops to a precisely sexual beat. Closer up, I see that the man is short of breath, sweating. All at once, he collapses into a chair. The woman bends over him, coaxing, teasing, but he is through. A young man with a long polished stick blocks my way.

“I come with you?” he asks. “Very good time. You say yes? Ten dollars? Five?”

I have been invited by Dr. Jean William Pape to attend the AIDS clinic of which he is the director. Nothing from the outside of the low whitewashed structure would suggest it as a medical facility. Inside, it is divided into many small cubicles and a labyrinth of corridors. At nine a.m. the hallways are already full of emaciated silent men and women, some sitting on the few benches, the rest leaning against the walls. The only sounds are subdued moans of discomfort interspersed with coughs. How they eat us with their eyes as we pass.

The room where Pape and I work is perhaps ten feet by ten. It contains a desk, two chairs and a narrow wooden table that is covered with a sheet that will not be changed during the day. The patients are called in one at a time, asked how they feel and whether there is any change in their symptoms, then examined on the table. If the patient is new to the clinic, he or she is questioned about sexual activities.

A twenty-seven-year-old man whose given name is Miracle enters. He is wobbly, panting, like a groggy boxer who has let down his arms and is waiting for the last punch. He is neatly dressed and wears, despite the heat, a heavy woolen cap. When he removes it, I see that his hair is thin, dull reddish and straight. It is one of the signs of AIDS in Haiti, Pape tells me. The man’s skin is covered with a dry itchy rash. Throughout the interview and examination he scratches himself slowly, absentmindedly. The rash is called prurigo. It is another symptom of AIDS in Haiti. This man has had diarrhea for six months. The laboratory reports that the diarrhea is due to an organism called cryptosporidium, for which there is no treatment. The telltale rattling of the tuberculous moisture in his chest is audible without a stethoscope. He is like a leaky cistern that bubbles and froths. And, clearly, exhausted.
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“Where do you live?” I ask.

“Kenscoff.” A village in the hills above Port-au-Prince.

“How did you come here today?”

“I came on the tap-tap.” It is the name given to the small buses that swarm the city, each one extravagantly decorated with religious slogans, icons, flowers, animals, all painted in psychedelic colors. I have never seen a tap-tap that was not covered with passengers as well, riding outside and hanging on. The vehicles are little masterpieces of contagion, if not of AIDS then of the multitude of germs which Haitian flesh is heir to. Miracle is given a prescription for a supply of Sera, which is something like Gatorade, and told to return in a month.

“Mangé kou bêf,” says the doctor in farewell. “Eat like an ox.” What can he mean? The man has no food or money to buy any. Even had he food, he has not the appetite to eat or the ability to retain it. To each departing patient the doctor will say the same words — “Mangé kou bêf.” I see that it is his way of offering a hopeful goodbye.
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“Will he live until his next appointment?” I ask.

“No.” Miracle leaves to catch the tap-tap for Kenscoff.

Next is a woman of twenty-six who enters holding her right hand to her forehead in a kind of permanent salute. In fact, she is shielding her eye from view. This is her third visit to the clinic. I see that she is still quite well nourished.

“Now, you’ll see something beautiful, tremendous,” the doctor says. Once seated upon the table, she is told to lower her hand. When she does, I see that her right eye and its eyelid are replaced by a huge fungating ulcerated tumor, a side product of her AIDS. As she turns her head, the cluster of lymph glands in her neck to which the tumor has spread is thrown into relief. Two years ago she received a blood transfusion at a time when the country’s main blood bank was grossly contaminated with AIDS. It has since been closed down. The only blood available in Haiti is a small supply procured from the Red Cross.

“Can you give me medicine?” the woman wails.
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“No.”

“Can you cut it away?”

“No.”

“Is there radiation therapy?” I ask.

“No.”
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“Chemotherapy?” The doctor looks at me in what some might call weary amusement. I see that there is nothing to do. She has come here because there is nowhere else to go.

“What will she do?”

“Tomorrow or the next day or the day after that she will climb up into the mountains to seek relief from the houngan, the voodoo priest, just as her slave ancestors did two hundred years ago.”

Then comes a frail man in his thirties, with a strangely spiritualized face, like a child’s. Pus runs from one ear onto his cheek, where it has dried and caked. He has trouble remembering, he tells us. In fact, he seems confused. It is from toxoplasmosis of the brain, an effect of his AIDS. This man is bisexual. Two years ago he engaged in oral sex with foreign men for money. As I palpate the swollen glands of his neck, a mosquito flies between our faces. I swat at it, miss. Just before coming to Haiti I had read that the AIDS virus had been isolated from a certain mosquito. The doctor senses my thought.

“Not to worry,” he says. “So far as we know there has never been a case transmitted by insects.”
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“Yes,” I say. “I see.”

And so it goes until the last, the thirty-sixth AIDS patient has been seen. At the end of the day I am invited to wash my hands before leaving. I go down a long hall to a sink. I turn on the faucets but there is no water.

“But what about you?” I ask the doctor. “You are at great personal risk here — the tuberculosis, the other infections, no water to wash  .  .  .” He shrugs, smiles faintly and lifts his hands palm upward.

We are driving up a serpiginous steep road into the barren mountains above Port-au-Prince. Even in the bright sunshine the countryside has 
the bloodless color of exhaustion and indifference. Our destination is the Baptist Mission Hospital, where many cases of AIDS have been reported. Along the road there are slow straggles of schoolchildren in blue uniforms who stretch out their hands as we pass and call out, “Give me something.” Already a crowd of outpatients has gathered at the entrance to the mission compound. A tour of the premises reveals that in contrast to the aridity outside the gates, this is an enclave of productivity, lush with fruit trees and poinsettia.

The hospital is clean and smells of creosote. Of the forty beds, less than a third are occupied. In one male ward of twelve beds, there are two patients. The chief physician tells us that last year he saw ten cases of AIDS each week. Lately the number has decreased to four or five.
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“Why is that?” we want to know.

“Because we do not admit them to the hospital, so they have learned not to come here.”

“Why don’t you admit them?”

“Because we would have nothing but AIDS here then. So we send them away.”

“But I see that you have very few patients in bed.”
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“That is also true.”

“Where do the AIDS patients go?”

“Some go to the clinic in Port-au-Prince or the general hospital in the city. Others go home to die or to the voodoo priest.”

“Do the people with AIDS know what they have before they come here?”

“Oh, yes, they know very well, and they know there is nothing to be done for them.”
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Outside, the crowd of people is dispersing toward the gate. The clinic has been canceled for the day. No one knows why. We are conducted to the office of the reigning American pastor. He is a tall, handsome Midwesterner with an ecclesiastical smile.

“It is voodoo that is the devil here.” He warms to his subject. “It is a demonic religion, a cancer on Haiti. Voodoo is worse than AIDS. And it is one of the reasons for the epidemic. Did you know that in order for a man to become a houngan he must perform anal sodomy on another man? No, of course you didn’t. And it doesn’t stop there. The houngans tell the men that in order to appease the spirits they too must do the same thing. So you have ritualized homosexuality. That’s what is spreading the AIDS.” The pastor tells us of a nun who witnessed two acts of sodomy in a provincial hospital where she came upon a man sexually assaulting a houseboy and another man mounting a male patient in his bed.

“Fornication,” he says. “It is Sodom and Gomorrah all over again, so what can you expect from these people?” Outside his office we are shown a cage of terrified, cowering monkeys to whom he coos affectionately. It is clear that he loves them. At the car, we shake hands.

“By the way,” the pastor says, “what is your religion? Perhaps I am a kinsman?”

“While I am in Haiti,” I tell him, “it will be voodoo or it will be nothing at all.”

85

Abruptly, the smile breaks. It is as though a crack had suddenly appeared in the face of an idol.

From the mission we go to the general hospital. In the heart of Port-au-Prince, it is the exact antithesis of the immaculate facility we have just 
left — filthy, crowded, hectic and staffed entirely by young interns and residents. Though it is associated with a medical school, I do not see any members of the faculty. We are shown around by Jocelyne, a young intern in a scrub suit. Each bed in three large wards is occupied. On the floor about the beds, ​hunkered in the posture of the innocent poor, are family members of the patients. In the corridor that constitutes the emergency room, someone lies on a stretcher receiving an intravenous infusion. She is hardly more than a cadaver.

“Where are the doctors in charge?” I ask Jocelyne. She looks at me questioningly.

“We are in charge.”

“I mean your teachers, the faculty.”
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“They do not come here.”

“What is wrong with that woman?”

“She has had diarrhea for three months. Now she is dehydrated.” I ask the woman to open her mouth. Her throat is covered with the white plaques of thrush, a fungus infection associated with AIDS.

“How many AIDS patients do you see here?”

“Three or four a day. We send them home. Sometimes the families abandon them, then we must admit them to the hospital. Every day, then, a relative comes to see if the patient has died. They want to take the body. That is important to them. But they know very well that AIDS is contagious and they are afraid to keep them at home. Even so, once or twice a week the truck comes to take away the bodies. Many are children. They are buried in mass graves.”
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“Where do the wealthy patients go?”

“There is a private hospital called Canapé Vert. Or else they go to Miami. Most of them, rich and poor, do not go to the hospital. Most are never diagnosed.”

“How do you know these people have AIDS?”

“We don’t know sometimes. The blood test is inaccurate. There are many false positives and false negatives. Fifteen percent of those with the disease have negative blood tests. We go by their infections — tuberculosis, diarrhea, fungi, herpes, skin rashes. It is not hard to tell.”

“Do they know what they have?”
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“Yes. They understand at once and they are prepared to die.”

“Do the patients know how AIDS is transmitted?”

“They know, but they do not like to talk about it. It is taboo. Their memories do not seem to reach back to the true origins of their disaster. It is understandable, is it not?”

“Whatever you write, don’t hurt us any more than we have already been hurt.” It is a young Haitian journalist with whom I am drinking a rum punch. He means that any further linkage of AIDS and Haiti in the media would complete the economic destruction of the country. The damage was done early in the epidemic when the Centers for Disease Control in Atlanta added Haitians to the three other high-risk groups — hemophiliacs, intravenous drug users and homosexual and bisexual men. In fact, Haitians are no more susceptible to AIDS than anyone else. Although the CDC removed Haitians from special scrutiny in 1985, the lucrative tourism on which so much of the country’s economy was based was ​crippled. Along with tourism went much of the foreign business investment. Worst of all was the injury to the national pride. Suddenly Haiti was indicted as the source of AIDS in the western hemisphere.

What caused the misunderstanding was the discovery of a large number of Haitian men living in Miami with AIDS antibodies in their blood. They denied absolutely they were homosexuals. But the CDC investigators did not know that homosexuality is the strongest taboo in Haiti and that no man would ever admit to it. Bisexuality, however, is not uncommon. Many married men and heterosexually oriented males will occasionally seek out other men for sex. Further, many, if not most, Haitian men visit female prostitutes from time to time. It is not difficult to see that once the virus was set loose in Haiti, the spread would be swift through both genders.
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Exactly how the virus of AIDS arrived is not known. Could it have been brought home by the Cuban soldiers stationed in Angola and thence to Haiti, about fifty miles away? Could it have been passed on by the thousands of Haitians living in exile in Zaire, who later returned home or immigrated to the United States? Could it have come from the American and Canadian homosexual tourists, and, yes, even some U.S. diplomats who have traveled to the island to have sex with impoverished Haitian men all too willing to sell themselves to feed their families? Throughout the international gay community Haiti was known as a good place to go for sex.

On a private tip from an official at the Ministry of Tourism, J-B and I drive to a town some fifty miles from Port-au-Prince. The hotel is owned by two Frenchmen who are out of the country, one of the staff tells us. He is a man of about thirty and clearly he is desperately ill. Tottering, short of breath, he shows us about the empty hotel. The furnishings are opulent and extreme — tiger skins on the wall, a live leopard in the garden, a bedroom containing a giant bathtub with gold faucets. Is it the heat of the day or the heat of my imagination that makes these walls echo with the painful cries of pederasty?

The hotel where we are staying is in Pétionville, the fashionable suburb of Port-au-Prince. It is the height of the season but there are no tourists, only a dozen or so French and American businessmen. The swimming pool is used once or twice a day by a single person. Otherwise, the water remains un​disturbed until dusk, when the fruit bats come down to drink in midswoop. The hotel keeper is an American. He is eager to set me straight on Haiti.

“What did and should attract foreign investment is a combination of reliable weather, an honest and friendly populace, low wages and multilingual managers.”

“What spoiled it?”
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“Political instability and a bad American press about AIDS.” He pauses, then adds: “To which I hope you won’t be contributing.”

“What about just telling the truth?” I suggest.

“Look,” he says, “there is no more danger of catching AIDS in Haiti than in New York or Santo Domingo. It is not where you are but what you do that counts.” Agreeing, I ask if he had any idea that much of the tourism in Haiti during the past few decades was based on sex.

“No idea whatsoever. It was only recently that we discovered that that was the case.”

“How is it that you hoteliers, restaurant owners and the Ministry of Tourism did not know what tout1  Haiti knew?”
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“Look. All I know is that this is a middle-class, family-oriented hotel. We don’t allow guests to bring women, or for that matter men, into their rooms. If they did, we’d ask them to leave immediately.”

At five a.m. the next day the telephone rings in my room. A Creole-
accented male voice.

“Is the lady still with you, sir?”

“There is no lady here.”

“In your room, sir, the lady I allowed to go up with a package?”
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“There is no lady here, I tell you.”

At seven a.m. I stop at the front desk. The clerk is a young man.

“Was it you who called my room at five o’clock?”

“Sorry,” he says with a smile. “It was a mistake, sir. I meant to ring the room next door to yours.” Still smiling, he holds up his shushing finger.

Next to Dr. Pape, director of the AIDS clinic, Bernard Liautaud, a dermatologist, is the most knowledgeable Haitian physician on the subject of the epidemic. Together, the two men have published a dozen articles on AIDS in international medical journals. In our meeting they present me with statistics:


l•
There are more than one thousand documented cases of AIDS 
in Haiti, and as many as one hundred thousand carriers of the virus.


l•
Eighty-seven percent of AIDS is now transmitted heterosexually. While it is true that the virus was introduced via the bisexual community, that route has decreased to 10 percent or less.


l•
Sixty percent of the wives or husbands of AIDS patients tested positive for the antibody.


l•
Fifty percent of the prostitutes tested in the Port-au-Prince area are infected.


l•
Eighty percent of the men with AIDS have had contact with ​prostitutes.


l•
The projected number of active cases in four years is ten thousand. (Since my last visit, the Haitian Medical Association broke its silence on the epidemic by warning that one million of the country’s six million people could be carriers by 1992.)
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The two doctors have more to tell. “The crossing over of the plague from the homosexual to the heterosexual community will follow in the United States within two years. This, despite the hesitation to say so by those who fear to sow panic among your population. In Haiti, because bisexuality is more common, there was an early crossover into the general population. The trend, inevitably, is the same in the two countries.”

“What is there to do, then?”

“Only education, just as in America. But here the Haitians reject the use of condoms. Only the men who are too sick to have sex are celibate.”

“What is to be the end of it?”

“When enough heterosexuals of the middle and upper classes die, perhaps there will be the panic necessary for the people to change their sexual lifestyles.”
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This evening I leave Haiti. For two weeks I have fastened myself to this lovely fragile land like an ear pressed to the ground. It is a country to break a traveler’s heart. It occurs to me that I have not seen a single jogger. Such a public expenditure of energy while everywhere else strength is ebbing — it would be obscene. In my final hours, I go to the Cathédrale of Sainte Trinité, the inner walls of which are covered with murals by Haiti’s most renowned artists. Here are all the familiar Bible stories depicted in naïveté and piety, and all in such an exuberance of color as to tax the capacity of the retina to receive it, as though all the vitality of Haiti had been turned to paint and brushed upon these walls. How to explain this efflorescence at a time when all else is lassitude and inertia? Perhaps one day the plague will be rendered in poetry, music, painting, but not now. Not now.

Questions

1.
Summarize the scene at the Copacabana. Which details are memorable? Why does Selzer spend so much time with Carmen, Mercedes, and Frasquita? Why are their attitudes toward AIDS so important?


2.
Selzer writes at great length about his visit to the AIDS clinic directed by Dr. Jean William Pape. What does Selzer learn from observing patients at this clinic? What does Selzer learn about AIDS from the doctor at work?


3.
A young Haitian journalist tells Selzer, “Whatever you write, don’t hurt us any more than we have already been hurt” (paragraph 103). What is the significance of this request? After reading Selzer’s essay, do you think Selzer has honored this request?


4.
In the final paragraph of the essay, Selzer writes, “For two weeks I have fastened myself to this lovely fragile land like an ear pressed to the ground. It is a country to break a traveler’s heart.” What has Selzer learned about the politics of AIDS from his journey to Haiti?


5.
Look at the various scenes and vignettes Selzer offers his readers. How does he connect these different scenes? How does this structure succeed in presenting his reflections?


6.
What have you learned about the politics of AIDS from reading Selzer’s essay? Write an essay reflecting on Selzer’s essay.


7.
Selzer offers his reflections as a way of justifying his strong feelings about AIDS. In other words, his reflections become a kind of argument. How would you make a more objective argument for his position?

Making Connections

Selzer and Adam Gopnik (p. 78) both write as spectators of, rather than as participants in, the events they report. Compare and contrast the ways they develop their reflections within such a perspective.

1 tout: All. [Eds.]
Lenses

Annie Dillard

Annie Dillard (b. 1945) grew up in Pittsburgh, Pennsylvania, and earned degrees at Hollins College in Virginia’s Roanoke Valley. Her first published book of prose, A Tinker at Pilgrim Creek (1974), in which she focuses an intent eye on her rural Virginia surroundings, won the Pulitzer Prize. Dillard’s other books include Holy the Firm (1978), a meditation on religion and spirituality; Living by Fiction (1982), a work of literary analysis; An American Childhood (1989), a memoir; The Living (1992), a novel; For the Time Being (1999), an inquiry into the place of God in a world marked by cruelty; and several volumes of poetry. “I am no scientist,” she has said of herself. “I am a wanderer with a background in theology and a penchant for quirky facts. . . . I consider nature’s facts — its beautiful and grotesque forms and events — in terms of the import to thought and their impetus to the spirit.” The following essay appeared in Teaching a Stone to Talk: Expeditions and Encounters (1982).

You get used to looking through lenses; it is an acquired skill. When you first look through binoculars, for instance, you can’t see a thing. You look at the inside of the barrel; you blink and watch your eyelashes; you play with the focus knob till one eye is purblind.

The microscope is even worse. You are supposed to keep both eyes open as you look through its single eyepiece. I spent my childhood in Pittsburgh trying to master this trick: seeing through one eye, with both eyes open. The microscope also teaches you to move your hands wrong, to shove the glass slide to the right if you are following a creature who is swimming off to the left — as if you were operating a tiller, or backing a trailer, or performing any other of those paradoxical maneuvers which require either sure instincts or a grasp of elementary physics, neither of which I possess.

A child’s microscope set comes with a little five-watt lamp. You place this dim light in front of the microscope’s mirror; the mirror bounces the light up through the slide, through the magnifying lenses, and into your eye. The only reason you do not see everything in silhouette is that microscopic things are so small they are translucent. The animals and plants in a drop of pond water pass light like pale stained glass; they seem so soaked in water and light that their opacity has leached away.

The translucent strands of algae you see under a microscope — Spirogyra, Oscillatoria, Cladophora — move of their own accord, no one knows how or why. You watch these swaying yellow, green, and brown strands of algae half mesmerized; you sink into the microscope’s field forgetful, oblivious, as if it were all a dream of your deepest brain. Occasionally a zippy rotifer comes barreling through, black and white, and in a tremendous hurry.
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My rotifers and daphniae and amoebae were in an especially tremendous hurry because they were drying up. I burnt out or broke my little five-watt bulb right away. To replace it, I rigged an old table lamp laid on its side; the table lamp carried a seventy-five-watt bulb. I was about twelve, immortal and invulnerable, and did not know what I was doing; neither did anyone else. My parents let me set up my laboratory in the basement, where they wouldn’t have to smell the urine I collected in test tubes and kept in the vain hope it would grow something horrible. So in full, solitary ignorance I spent evenings in the basement staring into a seventy-five-watt bulb magnified three hundred times and focused into my eye. It is a wonder I can see at all. My eyeball itself would start drying up; I blinked and blinked.

But the pond water creatures fared worse. I dropped them on a slide, floated a cover slip over them, and laid the slide on the microscope’s stage, which the seventy-five-watt bulb had heated like a grill. At once the drop of pond water started to evaporate. Its edges shrank. The creatures swam among algae in a diminishing pool. I liked this part. The heat worked for me as a centrifuge, to concentrate the biomass. I had about five minutes to watch the members of a very dense population, excited by the heat, go about their business until — as I fancied sadly — they all caught on to their situation and started making out wills.

I was, then, not only watching the much-vaunted wonders in a drop of pond water; I was also, with mingled sadism and sympathy, setting up a limitless series of apocalypses. I set up and staged hundreds of ends-of-the-world and watched, enthralled, as they played themselves out. Over and over again, the last trump sounded, the final scroll unrolled, and the known world drained, dried, and vanished. When all the creatures lay motionless, boiled and fried in the positions they had when the last of their water dried completely, I washed the slide in the sink and started over with a fresh drop. How I loved that deep, wet world where the colored algae waved in the water and the rotifers swam!

But oddly, this a story about swans. It is not even a story; it is a description of swans. This description of swans includes the sky over a pond, a pair of binoculars, and a mortal adult who had long since moved out of the Pittsburgh basement.

In the Roanoke valley of Virginia, rimmed by the Blue Ridge Mountains to the east and the Allegheny Mountains to the west, is a little semi-agricultural area called Daleville. In Daleville, set among fallow fields and wooded ridges, is Daleville Pond. It is a big pond, maybe ten acres; it holds a lot of sky. I used to haunt the place because I loved it; I still do. In winter it had that airy scruffiness of deciduous lands; you greet the daylight and the open space, and spend the evening picking burrs out of your pants.

One Valentine’s Day, in the afternoon, I was crouched among dried reeds at the edge of Daleville Pond. Across the pond from where I crouched was a low forested mountain ridge. In every other direction I saw only sky, sky crossed by the reeds which blew before my face whichever way I turned.

I was looking through binoculars at a pair of whistling swans. Whistling swans! It is impossible to say how excited I was to see whistling swans in Daleville, Virginia. The two were a pair, mated for life, migrating north and west from the Atlantic coast to the high arctic. They had paused to feed at Daleville Pond. I had flushed them, and now they were flying and circling the pond. I crouched in the reeds so they would not be afraid to come back to the water.

Through binoculars I followed the swans, swinging where they flew. All their feathers were white; their eyes were black. Their wingspan was six feet; they were bigger than I was. They flew in unison, one behind the other; they made pass after pass at the pond. I watched them change from white swans in front of the mountain to black swans in front of the sky. In clockwise ellipses they flew, necks long and relaxed, alternately beating their wide wings and gliding.

As I rotated on my heels to keep the black frame of the lenses around them, I lost all sense of space. If I lowered the binoculars I was always amazed to learn in which direction I faced — dazed, the way you emerge awed from a movie and try to reconstruct, bit by bit, a real world, in order to discover where in it you might have parked the car.

I lived in that circle of light, in great speed and utter silence. When the swans passed before the sun they were distant — two black threads, two live stitches. But they kept coming, smoothly, and the sky deepened to blue behind them and they took on light. They gathered dimension as they neared, and I could see their ardent, straining eyes. Then I could hear the brittle blur of their wings, the blur which faded as they circled on, and the sky brightened to yellow behind them and the swans flattened and darkened and diminished as they flew. Once I lost them behind the mountain ridge; when they emerged they were flying suddenly very high, and it was like music changing key.
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I was lost. The reeds in front of me, swaying and out of focus in the binoculars’ circular field, were translucent. The reeds were strands of color passing light like cells in water. They were those yellow and green and brown strands of pond algae I had watched so long in a light-soaked field. My eyes burned; I was watching algae wave in a shrinking drop; they crossed each other and parted wetly. And suddenly into the field swam two whistling swans, two tiny whistling swans. They swam as fast as rotifers: two whistling swans, infinitesimal, beating their tiny wet wings, perfectly formed.

Questions


1.
At the beginning of her essay, Dillard says that “looking through 
lenses. . . . is an acquired skill,” and she then proceeds to discuss the challenges of learning to use both a microscope and binoculars. In what ways are these instruments similar? In what ways are they different?


2.
At the beginning of paragraph 8, midway through her piece, Dillard says “But oddly, this is a story about swans.” Why, then, does she wait so long to mention the swans? Why doesn’t she begin with the swans? What, if anything, does her prior account of looking through a microscope at “the animals and plants in a drop of pond water” contribute to her description of the swans?


3.
Compare and contrast Dillard’s childhood behavior while looking through a microscope with her adult behavior while looking through binoculars. In which case does she appear to be most scientific?


4.
Throughout her essay, Dillard frequently relies on analogies to clarify the nature of her perceptual experience. But in her final paragraph, she moves beyond analogies to claim that the reeds she watched through her binoculars are identical to the algae she had previously looked at through her microscope. In what ways are these two experiences identical? In what ways are they not? Why do you suppose that she makes so much of these identities in her final paragraph?


5.
Write a piece remembering and reflecting on the most frustrating or most satisfying experience you’ve ever had looking through a microscope or a pair of binoculars. What were you trying to look at, and how did your microscope or binoculars help or hinder you?

Making Connections

Dillard and Scott Russell Sanders (p. 156) both take stock of their youthful and adult approaches to scientific matters. Why do they bother to remember and reflect on their youthful scientific activities? How do their youthful activities prepare them for approaching scientific matters as adults? How do their youthful activities differ from their later scientific activities?

Can We Know the Universe?

Reflections on a Grain of Salt

Carl Sagan

Carl Sagan (1934–1996) was renowned both as a scientist and a writer. For his work with the National Aeronautics and Space Administration’s Mariner, Viking, and Voyager expeditions, he was awarded NASA’s Medals for Exceptional Scientific Achievement and for Distinguished Public Service. Sagan produced the Cosmos television series for public television and received the Peabody Award in 1981. He received the Pulitzer Prize in literature, for his book The Dragons of Eden (1977). Among his later works are Comet (1985), Contact (1985, a novel with Ann Druyan), Shadows of Forgotten Ancestors (1992), and Billions and Billions: Thoughts on Life and Death at the Brink of the Millennium (1997). The following selection is from Broca’s Brain: Reflections on the Romance of Science (1979).

Nothing is rich but the inexhaustible wealth

of nature. She shows us only surfaces,

but she is a million fathoms deep.

—Ralph Waldo Emerson

Science is a way of thinking much more than it is a body of knowledge. Its goal is to find out how the world works, to seek what regularities there may be, to penetrate to the connections of things — from subnuclear par​ticles, which may be the constituents of all matter, to living organisms, the human social community, and thence to the cosmos as a whole. Our intuition is by no means an infallible guide. Our perceptions may be distorted by training and prejudice or merely because of the limitations of our sense organs, which, of course, perceive directly but a small fraction of the phenomena of the world. Even so straightforward a question as whether in the absence of friction a pound of lead falls faster than a gram of fluff was answered incorrectly by Aristotle and almost everyone else before the time of Galileo. Science is based on experiment, on a willingness to challenge old dogma, on an openness to see the universe as it really is. Accordingly, science sometimes requires courage — at the very least the courage to question the conventional wisdom.

Beyond this the main trick of science is to really think of something: the shape of clouds and their occasional sharp bottom edges at the same altitude everywhere in the sky; the formation of a dewdrop on a leaf; the origin of 
a name or a word — Shakespeare, say, or “philanthropic”; the reason for human social customs — the incest taboo, for example; how it is that a lens in sunlight can make paper burn; how a “walking stick” got to look so much like a twig; why the Moon seems to follow us as we walk; what prevents us from digging a hole down to the center of the Earth; what the definition is of “down” on a spherical Earth; how it is possible for the body to convert yesterday’s lunch into today’s muscle and sinew; or how far is up — does the universe go on forever, or if it does not, is there any meaning to the question of what lies on the other side? Some of these questions are pretty easy. Others, especially the last, are mysteries to which no one even today knows the answer. They are natural questions to ask. Every culture has posed such questions in one way or another. Almost always the proposed answers are in the nature of “Just So Stories,” attempted explanations divorced from experiment, or even from careful comparative observations.

But the scientific cast of mind examines the world critically as if many alternative worlds might exist, as if other things might be here which are not. Then we are forced to ask why what we see is present and not something else. Why are the Sun and the Moon and the planets spheres? Why not pyramids, or cubes, or dodecahedra? Why not irregular, jumbly shapes? Why so symmetrical, worlds? If you spend any time spinning hypotheses, checking to see whether they make sense, whether they conform to what else we know, thinking of tests you can pose to substantiate or deflate your hypotheses, you will find yourself doing science. And as you come to practice this habit of thought more and more you will get better and better at it. To penetrate into the heart of the thing — even a little thing, a blade of grass, as Walt Whitman said — is to experience a kind of exhilaration that, it may be, only human beings of all the beings on this planet can feel. We are an intelligent species and the use of our intelligence quite properly gives us pleasure. In this respect the brain is like a muscle. When we think well, we feel good. Understanding is a kind of ecstasy.

But to what extent can we really know the universe around us? Sometimes this question is posed by people who hope the answer will be in the negative, who are fearful of a universe in which everything might one day be known. And sometimes we hear pronouncements from scie​n​tists who confidently state that everything worth knowing will soon be known — or even is already known — and who paint pictures of a Dionysian or Polynesian age in which the zest for intellectual discovery has withered, to be replaced by a kind of subdued languor, the lotus eaters drinking fermented coconut milk or some other mild hallucinogen. In addition to maligning both the Polynesians, who were intrepid explorers (and whose brief respite in paradise is now sadly ending), as well as the inducements to intellectual discovery provided by some hallucinogens, this contention turns out to be trivially mistaken.
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Let us approach a much more modest question: not whether we can know the universe or the Milky Way Galaxy or a star or a world. Can we know, ultimately and in detail, a grain of salt? Consider one microgram of table salt, a speck just barely large enough for someone with keen eyesight to make out without a microscope. In that grain of salt there are about 1016 sodium and chlorine atoms. This is a 1 followed by 16 zeros, 10 million billion atoms. If we wish to know a grain of salt, we must know at least the three-dimensional positions of each of these atoms. (In fact, there is much more to be known — for example, the nature of the forces between the atoms — but we are making only a modest calculation.) Now, is this number more or less than the number of things which the brain can know?

How much can the brain know? There are perhaps 1011 neurons in the brain, the circuit elements and switches that are responsible in their electrical and chemical activity for the functioning of our minds. A typical brain neuron has perhaps a thousand little wires, called dendrites, which connect it with its fellows. If, as seems likely, every bit of information in the brain corresponds to one of these connections, the total number of things knowable by the brain is no more than 1014, one hundred trillion. But this number is only one percent of the number of atoms in our speck of salt.

So in this sense the universe is intractable, astonishingly immune to any human attempt at full knowledge. We cannot on this level understand a grain of salt, much less the universe.

But let us look more deeply at our microgram of salt. Salt happens to be a crystal in which, except for defects in the structure of the crystal lattice, the position of every sodium and chlorine atom is predetermined. If we could shrink ourselves into this crystalline world, we could see rank upon rank of atoms in an ordered array, a regularly alternating structure — sodium, chlorine, sodium, chlorine, specifying the sheet of atoms we are standing on and all the sheets above us and below us. An absolutely pure crystal of salt could have the position of every atom specified by something like 10 bits of information.1 This would not strain the information-​carrying capacity of the brain.

If the universe had natural laws that governed its behavior to the same degree of regularity that determines a crystal of salt, then, of course, the universe would be knowable. Even if there were many such laws, each of considerable complexity, human beings might have the capacity to understand them all. Even if such knowledge exceeded the information-carrying capacity of the brain, we might store the additional information outside our bodies — in books, for example, or in computer memories — and still, in some sense, know the universe.
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Human beings are, understandably, highly motivated to find regularities, natural laws. The search for rules, the only possible way to understand such a vast and complex universe, is called science. The universe forces those who live in it to understand it. Those creatures who find everyday experience a muddled jumble of events with no predictability, no regularity, are in grave peril. The universe belongs to those who, at least to some degree, have figured it out.

It is an astonishing fact that there are laws of nature, rules that summarize conveniently — not just qualitatively but quantitatively — how the world works. We might imagine a universe in which there are no such laws, in which the 1080 elementary particles that make up a universe like our own behave with utter and uncompromising abandon. To understand such a universe we would need a brain at least as massive as the universe. It seems unlikely that such a universe could have life and intelligence, because beings and brains require some degree of internal stability and order. But even if in a much more random universe there were such beings with an intelligence much greater than our own, there could not be much knowledge, passion or joy.

Fortunately for us, we live in a universe that has at least important parts that are knowable. Our common-sense experience and our evolutionary history have prepared us to understand something of the workaday world. When we go into other realms, however, common sense and ordinary intuition turn out to be highly unreliable guides. It is stunning that as we go close to the speed of light our mass increases indefinitely, we shrink toward zero thickness in the direction of motion, and time for us comes as near to stopping as we would like. Many people think that this is silly, and every week or two I get a letter from someone who complains to me about it. But it is a virtually certain consequence not just of experiment but also of Albert Einstein’s brilliant analysis of space and time called the Special Theory of Relativity. It does not matter that these effects seem unreasonable to us. We are not in the habit of traveling close to the speed of light. The testimony of our common sense is suspect at high velocities.

Or consider an isolated molecule composed of two atoms shaped something like a dumbbell — a molecule of salt, it might be. Such a molecule rotates about an axis through the line connecting the two atoms. But in the world of quantum mechanics, the realm of the very small, not all orientations of our dumbbell molecule are possible. It might be that the molecule could be oriented in a horizontal position, say, or in a vertical position, but not at many angles in between. Some rotational positions are forbidden. Forbidden by what? By the laws of nature. The universe is built in such a way as to limit, or quantize, rotation. We do not experience this directly in everyday life; we would find it startling as well as awkward in sitting-up exercises, to find arms outstretched from the sides or pointed up to the skies permitted but many intermediate positions forbidden. We do not live in the world of the small, on the scale of 1013 centimeters, in the realm where there are twelve zeros between the decimal place and the one. Our common​-sense intuitions do not count. What does count is experiment — in this case observations from the far infrared spectra of molecules. They show molecular rotation to be quantized.

The idea that the world places restrictions on what humans might do is frustrating. Why shouldn’t we be able to have intermediate rotational positions? Why can’t we travel faster than the speed of light? But so far as we can tell, this is the way the universe is constructed. Such prohibitions not only press us toward a little humility; they also make the world more knowable. Every restriction corresponds to a law of nature, a regularization of the universe. The more restrictions there are on what matter and energy can do, the more knowledge human beings can attain. Whether in some sense the universe is ultimately knowable depends not only on how many natural laws there are that encompass widely divergent phenomena, but also on whether we have the openness and the intellectual capacity to understand such laws. Our formulations of the regularities of nature are surely dependent on how the brain is built, but also, and to a significant degree, on how the universe is built.
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For myself, I like a universe that includes much that is unknown and, at the same time, much that is knowable. A universe in which everything is known would be static and dull, as boring as the heaven of some ​weakminded theologians. A universe that is unknowable is no fit place for a thinking being. The ideal universe for us is one very much like the universe we inhabit. And I would guess that this is not really much of a coincidence.

Questions


1.
How are science and scientific thinking defined in the first three paragraphs? What is Sagan’s purpose in defining these terms? What does this tell you about Sagan’s conception of his audience?


2.
Sagan’s mode of reflection might be considered less personal than others in this section in that he is reflecting on an idea rather than on an event in his life. How does Sagan keep his tone from becoming abstract? What elements of the personal are present in this essay?


3.
Sagan cites scientists who believe that “everything worth knowing will soon be known” (paragraph 4). How does the evidence in this essay challenge that assumption?


4.
We might consider paragraph 15 to be Sagan’s most personal statement in his reflections on the universe: he likes “a universe that includes much that is unknown and, at the same time, much that is knowable.” Why is this balance important to Sagan? Do you agree with his closing statements? Explain.


5.
Consider the statement, “The more restrictions there are on what matter and energy can do, the more knowledge human beings can attain” (paragraph 14). Describe an example in your own experience (or another’s) when you learned that rules or laws were helpful in ensuring your personal freedom.


6.
In paragraph 3 Sagan concludes, “Understanding is a kind of ecstasy.” Describe a time in your life when you understood something for the first time — when, as they say, the light went on in your head, shining on a difficult problem and bringing about a realization. Could your feelings at the time be considered ecstatic, or did you experience some other emotion?


7.
What sort of universe would you consider ideal? What would you like to know about the universe that is now unknown to you? Explain.

Making Connections


1.
A number of the writers in this section offer their reflections to justify a belief or a strong feeling about a subject. In other words, their reflections become a kind of argument. Grealy (p. 50), Douglas (p. 42), Gornick (p. 74), King (p. 106), and Orwell (p. 114) come to mind as well as Sagan. How convincing is the argument in each case? How has the writer used purely personal responses to make a persuasive case? How would you go about developing a more objective argument for one of their positions? What would be the difference in effect?


2.
Does Sagan’s concern for “passion” and “joy” (paragraph 11) surprise you? Where else, especially in the writings by scientists in this section, do you find evidence of the same concerns? Citing several examples from essayists you have read, write an essay on the role of passion and joy in the work of scientists and other writers.

Earth, Air, Fire, and Water
Scott Russell Sanders
Born in Memphis, Tennessee, in 1945, Scott Russell Sanders grew up in rural Ohio. He earned a scholarship to Brown University and completed a Ph.D. at Cambridge University before joining the faculty at Indiana University, where he is currently a distinguished professor of English. Sanders’s numerous publications include novels, short story collections, and seven works for children, but he is probably best known for his essays and memoirs. Among these are the collections The Paradise of Bombs (1987), which won the Associated Writing Programs Award in Creative Nonfiction; Staying Put: Making Home in a Restless World (1993), which won the Ohioana Book Award; Writing from the Center (1995), which won the Great Lakes Book Award; The Country of Language (1999), a brief reflection on experiences that have shaped his work as a writer; and The Force of Spirit (2000), meditations on the sacred in everyday life. Sanders has said of his work, “I have to be wrought up about something, and also deeply puzzled about it, before I’m moved to address it in an essay. So in my writing I’m always pushing outward on the boundaries of bewilderment.” The following essay appeared in Writing from the Center.
With money earned from helping neighbors gather hay in my thirteenth summer, I bought a colored poster of the periodic table, which I taped to the wall beside my bed. Before sleep each night, while my friends were listening to the rock-and-roll top forty or learning baseball statistics, I memorized the names and symbols and atomic weights of the elements. All of us were looking for some principle of order in the dizzy world. As my friends brooded on Elvis or Willie or Stan the Man, I murmured “actinium, krypton, zinc,” trying to hold the alphabet of the universe in my head.

Chemists knew of 103 primary substances back then, from lowly hydrogen to weighty lawrencium. The makers of the poster allowed for future discoveries by leaving a few blank spaces at the bottom. And sure enough, in the fall of 1964, when I was a college sophomore, my physics professor announced that the Russians had produced element 104 in one of their accelerators. I penciled this news onto my periodic table, which I had mounted on the wall beside my dormitory bed, as a counterpoint of sorts to the pin-ups beside my roommate’s bed. Within the next decade, along came numbers 105 and 106, but by then I had moved on in my search for order and was no longer keeping track.

What fascinated me, during those years of sleeping with the elements, was the idea that all the dazzling variety of things, from starfish to stars, had been concocted from a hundred or so ingredients. Physics taught me a breathtakingly simpler view, that the elements were not primary after all, but were themselves composed from a handful of particles, such as protons and electrons, and these in turn were composed of even simpler entities fancifully named quarks, mere eddies in the cosmic flow.

Except for the change in vocabulary, this claim that the universe is made from a single underlying stuff was anticipated by Heraclitus twenty-five centuries ago, in his famous aphorism: “It ever was, and is, and shall be, ever-living fire, in measures being kindled and in measures going out.” Other Greeks put forward rival candidates for the original substance. “All is water,” Thales maintained, “and the world is full of gods.” All is air, Anaximenes believed; no, no, Xenophanes insisted, all is earth. Then along came Empedocles, in the fifth century b.c., to reconcile these views by proposing that the cosmos is made not from any one substance but from all four, giving us the familiar quartet of earth, air, fire, and water.
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The elements themselves do not change, Empedocles argued, but they are stirred into ever-changing combinations by Love and Strife, the one force drawing them together, the other driving them apart. These contrary forces are still recognizable in our notions of attraction and repulsion, positive and negative charge, particles and antiparticles. One of the central questions in cosmology these days is whether the universe will continue to expand forever, or whether it will eventually reverse direction and rush back toward the center. Empedocles might have posed the same question by asking which influence will triumph in the long run, strife or love.

As a devotee of the periodic table, I was at first inclined to scoff at the old-timers for believing that a mere quartet of elements could account for the world’s variety. However, when I considered that only four kinds of taste buds — salt, bitter, sour, and sweet — allow us to enjoy an infinity of flavors, that all the DNA for the billions of creatures on earth is constructed from a series of four bases, and that all the motion in the universe may be attributed to four interacting forces, the ancient scheme no longer seemed so far-fetched.

Our science offers a much more complicated and, we trust, more accurate view of the cosmos than anything the Greeks imagined, yet we still rely on their twin concepts of malleable substance and shaping force. The more deeply we probe into matter, the less solid it appears; even if you could find a small enough hammer, you could not tap an electron. But at the everyday level of chairs and chocolate, the stuff of the world seems tangible enough, scraping our knees and teasing our tongues. Although we find it more plausible to divide that everyday stuff into a hundred-odd elements instead of four, in thinking of elements at all we are following a very old habit of mind.

For two thousand years, from the heyday of Greece through the Renaissance, sophisticated thinkers as well as ordinary folks throughout Europe and the Middle East imagined the world to be compounded of earth and air and fire and water. The four elements permeated the thinking of the early Hebrews, Egyptians, and Persians. Aristotle elaborated the scheme by arguing that everything below the moon is composed of the four elements, and therefore perishable, while everything beyond the moon is forged of an imperishable material he called “aether,” from the Greek word for “eternal.”

The Stoics maintained that fire came first, then air, water, and earth, and they predicted that sooner or later all will be consumed back into fire and the cycle will repeat. Modern cosmology envisions a similar possibility, an accordion universe, expanding from the Big Bang, collapsing back toward a Big Crunch, then expanding once more, on and on forever. Physicists no longer believe, with Aristotle, that any portion of this turbulent universe is immune to change; instead, they have replaced the material aether with a conceptual one, for they assume that behind the fleeting phenomena are permanent laws.
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From the Stoics, the system of four elements was passed down by way of the Gnostics and Arab philosophers to the medieval alchemists, and from the alchemists to poets and visionaries right up into our own time. The old theory never really told us what the universe is made of, but rather how it moves, the way and feel of things. Earth is stubborn, conservative, and slow, with a long memory. Water is elusive and humble, seeking the low places. Air is a trickster, fickle and shifty. Fire is fierce, quick, greedy, and bold.

Over the centuries, these four characters have played leading roles in stories told by countless peoples. So Earth is the dry land that God separated from the watery beginnings. It is the mud brought up from the bottom of the primal sea by muskrat or loon, to offer solid ground where creatures with legs might walk. It is the dust from which we come and the dust to which we return. Water is the formless potential out of which creation emerged. It is the ocean of unconsciousness enveloping the islands of consciousness. Water bathes us at birth and again at death, and in between it washes away sin. It is by turns the elixir of life or the renewing rain or the devastating flood. Air is the wind that blows where it wills. It is the voice sounding in the depths of matter, the word made flesh. It is breath, which the Romans called spiritus, a divine thread drawn through every living creature. And Fire is the transformer, cooking meat, frightening beasts, warming huts, forging tools, melting, shaping. It is cleansing and punishing, flaming up from the sacred bush and lashing out from the furnaces of hell. Fire is a power given by the gods or stolen from them for the benefit of a bare forked animal. It is cosmic energy, lighting the stars, lurking in the atom, smoldering in every cell.

Turned over and over in our collective imagination, each element came to be associated with a color, a season, a number, a heavenly body, a point of the compass, a human temperament — earth is melancholic, air is sanguine, fire is choleric, water is phlegmatic — and each one accumulated an aura of metaphors. Late in the eighteenth century, while the French chemist Lavoisier was extending the list of elements to thirty-three, William Blake could write in The Marriage of Heaven and Hell about “The eyes of fire, the nostrils of air, the mouth of water, the beard of earth,” and expect to be understood. Even today, when you pick up a bowl that has been turned on a potter’s wheel, you hold the four elements in your palm, the clay shaped by wet fingers and dried in air and hardened in fire. And when you sit beside a lake — dirt or stone beneath you and waves lapping at your feet and wind blowing in your face and the sun beating down — you are still keeping company with the old quartet.

Why did this theory spread so far and endure so long? Perhaps any people with a written language would eventually surmise that the world is made from a small number of ingredients just as words are made from a small number of characters. If the universe is an expression of the Logos, as the Greeks believed and as John’s Gospel taught Christians to believe, then the elements may be understood as the alphabet of that grand utterance. But why four? Why not three or nineteen or fifty-six? Indeed, why do so many categories of thought come in sets of four — seasons, humors, cardinal directions, parts of music, ages of life? Why do so many symbols embody the four-sided square or the four-armed cross?

After long study of the alchemists and Gnostics, Jung concluded that a four-fold scheme appeals to us because it stands for our intuition of wholeness. “The idea of those old philosophers was that God manifested himself first in the creation of the four elements,” Jung wrote in Psychology and Religion. “The four symbolizes the parts, qualities and aspects of the One.” That root idea has been preserved in modern science, but with regard to forces rather than substances. Since Einstein, physicists have been pursuing the hypothesis that the four known forces — gravity, electro-magnetism, weak and strong versions of the nuclear force — are descended from a single primordial energy, just as Heraclitus believed; and much current research is devoted to showing how, in the first moment after the Big Bang, the One broke down into Four. You can trace the old yearning for a vision of the whole through the pages of A Brief History of Time, where Stephen Hawking claims that by joining the four primordial forces into a single theory, we might achieve a complete model of the universe, and thereby come to “know the mind of God.”

15
Although nowadays many scientists would be uncomfortable with Hawking’s use of religious language, the great interpreters of nature have consistently used it, from the early Greeks to the alchemists, on through Aquinas, Galileo, Newton, Darwin, and Einstein, for they believed that in deciphering the laws of the universe they were articulating a divine intelligence. “Between matter as we observe it in the laboratory and mind as we observe it in our consciousness,” writes the physicist Freeman Dyson, “there seems to be only a difference in degree but not in kind. If God exists and is accessible to us, then his mind and ours may likewise differ from each other only in degree and not in kind.” Whatever language we use to describe it, the quest for a unifying vision is at the heart of religion and science alike.

Jung discovered from his own dreams and those of his patients, and from icons and myths the world over, that four-fold designs such as crosses and squares — especially those linked to the circular figures he called mandalas — symbolize the search for a center, outwardly in the cosmos and inwardly in the psyche: “The wholeness of the celestial circle and the squareness of the earth, uniting the four principles or elements or psychical qualities, express completeness and union. Thus the mandala has the dignity of a ‘reconciling symbol.’” In this way, according to Jung, “the reconciliation of God and man is expressed in the symbol of Christ or of the cross.” When the Romans inscribed “Jesus of Nazareth, King of the Jews” atop the cross at Calvary, they meant the title mockingly. But for the Jews who looked on, the initial letters in those Latin words would have spelled out the sacred tetragram inri, representing the Hebrew words for earth, air, fire, and water. Thus a sign of mockery in the language of the oppressors was a sign of mystical union in the language of the oppressed.

I realize now that for me the periodic table was a mandala of sorts, a reconciling symbol, with its neat grid of boxes, its promise of order behind the world’s apparent disarray. Gazing at the poster, memorizing the numbers and letters, I sought to hold the universe in mind, as though by grasping that outward order I could bind together a self that seemed always about to scatter like smoke. What I dimly understood, even as a teenager, was that the inner and outer searches were the same. I sensed that my chief business, beyond the daily scramble, was to discover what I could of the source and true dimensions of Creation, for in doing so I would discover the ground of this flighty, flickering self.

The challenge for each of us, not only the physicist and philosopher, is to grasp the slippery world. How do you divide up this vast panorama into thinkable chunks? How do you speak of the parts without betraying the whole? The danger, for every sort of thinker, is a hardening of the categories; the danger is that we will take our metaphors literally, as though, by pinning our labels on the universe — ego and id, yin and yang, quarks and quanta, God and Son and Holy Ghost, the four elements or the hundred and four — we imagine that we have snared the universe itself. Any description of the world is a net thrown over a flood; no matter how fine the mesh, the world leaks through.

With that caution, and with due respect for the periodic table, let me return briefly to the lake I mentioned earlier — Wind Lake in northern Minnesota, to be precise — for that is where I found myself not long ago, listening to the music of the ancient quartet.
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Late in July, I was canoeing in the Boundary Waters Wilderness with my daughter Eva and several friends. At our last campsite, on an island in Wind Lake, Eva showed me a spot along the shore that was hidden from the trail by a screen of hemlocks and birches, where an outcropping of dark volcanic rock thrust into the tea-green waves. Nearly as old as the continent, the stone had been smelted and harrowed and cracked, and every fissure brimmed with life — clovers and lichens, pale runners of strawberries, ferns the size of a baby’s hand, fur of moss, spiky grass, spider and frog.

On a cloudswept afternoon that would give way at dusk to a full moon, I went off to sit by myself in that vibrant spot. Sore from a week of paddling, I stretched out my legs, braced my arms behind, and leaned back. Time ticked on, slowed down, then stopped. I grew still. Presently, like voices rising, the elements revealed themselves. The rock beneath me felt like worn bone — and there was earth. A stiff wind shoved kingdom after kingdom of clouds along the horizon — and there was air. The sun glared through every gap, drawing flames into my hands and face — and there was fire. Mist from waves beating on the stone cooled my skin — and there was water.

Now, I separate the four voices in order to speak of the moment at all. While I was sitting on the lip of Wind Lake, immersed in that music, I did not feel any division. I knew an utter fullness and wholeness that turns clumsy when spoken.

In our various alphabets we keep gesturing toward the One behind the Many. We are always speaking about the unsayable in terms of what we can touch and taste and see. That is the best we can do, as brief-lived creatures with only a few doorways of perception and a small but curious brain. Given our history, it is hard to believe we were not put here to think about this place, to ask questions, to gaze back at the source, as though to complete a circuit of intelligence. No single alphabet can express the full range of our knowledge. For designing a new molecule or describing the intimate behavior of atoms, the periodic table is far superior to the old quartet of elements. But for speaking about those moments when all our senses chime and we feel the harmony of the whole, the music of earth, air, fire, and water is still compelling.

Questions


1.
In paragraph 7, Sanders declares that “Our science offers a much more complicated and, we trust, more accurate view of the cosmos than anything the Greeks imagined.” Given such an assertion, why does he devote so much attention to the ancient Greek view of the world as being composed of four elements? In what respect(s) is that ancient system appealing and useful to Sanders?


2.
According to Sanders, what are the limitations of that ancient fourfold system? According to your own study and experience, what are the limitations of that system?


3.
In paragraph 18, Sanders says that “the danger, for every sort of thinker, is a hardening of the categories.” In what ways does Sanders seem to avoid that danger in his essay? In what ways, if any, do you think he has fallen prey to that danger? Aside from “hardening of the categories,” what other dangers are important for “every sort of thinker” to avoid?


4.
In paragraph 22, Sanders tells about a moment on Wind Lake, when he “did not feel any division” of things: “I knew an utter fullness and wholeness that turns clumsy when spoken.” But in the final sentence of the essay, he seems to contradict himself by claiming that “when all our senses chime and we feel the harmony of the whole, the music of earth, air, fire, and water is still compelling.” In what ways are these statements at odds with each other? In what ways are they consistent with each other?


5.
Write an essay in which you reflect on the four elements in terms of your own life. Does this view help you to make sense of things that you’ve witnessed or experienced? Choose a few memorable incidents from your life to illustrate your piece.


6.
Perhaps you have a different view of the basic elements. You might think that there are slightly less or slightly more — three or five, say, rather than four. If so, write an essay in which you identify the basic elements in your worldview and explain how they differ from one another, how they interact with one another, and why your system is preferable to the Greeks’ four-element system.

Making Connections

Sanders and Carl Sagan (p. 150) both attempt to use familiar aspects of experience to comprehend the nature of the world. Whose approach do you find more appealing? Whose do you find more comprehensive? Whose do you consider to be more scientific? Why?

1Chlorine is a deadly poison gas employed on European battlefields in World War I. Sodium is a corrosive metal which burns upon contact with water. Together they make a placid and unpoisonous material, table salt. Why each of these substances has the properties it does is a subject called chemistry, which requires more than 10 bits of information to understand.
