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Preface
Back when I was in college, a favorite bit of graffiti  scrawled on bathroom stalls all over campus posed the  age-old question: What is reality?
That must be one of the few questions that has never  been asked of C. Claiborne Ray, who since 1988 has  been responding to queries about science from New York  Times readers every week in the paper’s Science Times  section.
Although the question has never been asked, Claiborne answers it all the time. For making sense of science is, at its heart, making sense of the real world. So  when readers write to ask if the universe is rotating, or  what makes the holes in Swiss cheese, or how high a  housefly can fly, Claiborne’s answers build up their—  and our—understanding of reality, bit by bit.
Times readers are curious. They want answers to easy  questions, like why plants grow straight up, and to questions that have stumped the experts for ages, like   whether a guinea pig is a rodent. They want to know  about creatures large (whales), small (dust mites), and  in between (bears and chipmunks).
They want to know all about themselves, too: why  their feet hurt and their eyes are sore, and what that  thing dangling in the back of their throats is. They want  to know if they can live exclusively on pizza—though  why they want to know this is beyond me—and why  they can’t keep their eyes open after lunch.
They are curious about worlds beyond Earth. They  want to know, for instance, if Pluto will ever run into  Neptune, or if it’s possible that alien civilizations are  watching I Love Lucy reruns as we speak. And occasionally they ask a famous epistemological question, like:  How many angels can dance on the head of a pin?
But mostly they hunger for knowledge about our  world, about AIDS and the common cold, about clouds  and trees and rivers and ice and hundreds of other  things—225 things in total in this book.
Claiborne takes on all comers. In this she is aided by  experts who are kind enough to share their understanding of reality. Those who aided Claiborne are acknowledged in the Notes on Sources at the end of this book.
There are no questions left unanswered in this, the  second volume of The New York Times Book of Science  Questions and Answers. But there are plenty of questions  left unasked. Readers seeking answers to those will have  to wait for future volumes. Or perhaps the responses  that Claiborne provides here will inspire readers to go  out and find some answers of their own.
—HENRY FOUNTAIN

CHAPTER 1
Reaching for the Stars
BIRTH AND DEATH 
Q. Are stars all burning out, or are new ones forming?
A. Stars are being born as well as dying, but the rate  varies greatly from galaxy to galaxy.
Stars form from huge clouds of dust and gas. If a cloud  begins to contract because of its own gravity, its interior  heats up as gravitational energy is converted to heat  energy, reaching millions of  degrees, and nuclear reactions begin that change one  element into another, releasing energy.
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The pressure tends to  expand the cloud back out,  but eventually equilibrium is  reached. That is essentially   what a star is—a mass of gas at equilibrium between  inward pressure from gravity and outward pressure  from nuclear reactions.
A star has a finite lifetime because it is burning fuel. For  90 percent of its life, it burns hydrogen into helium. When  the hydrogen is used up, the pressure decreases, but gravity never disappears, so the star contracts until the temperature climbs again, this time reaching hundreds of  millions of degrees, while reactions convert helium to carbon and oxygen. The star can then remain stable for a  briefer time. Eventually the star dies, when the reactions  no longer produce energy, but only consume it.

IN ASPIN
Q. Is the universe rotating?
A. Most astronomers would say no. There is no known  mechanism that would give the universe so much angular momentum, or spin, at its beginning, and few mechanisms for adding spin later.
To know for sure if the universe rotates, scientists  would need to know the velocities of millions of galaxies, over all regions of the sky and out to very great  distances. Analyses of these velocities would be necessary to see if they indicated a common center about  which galaxies were rotating, and a sense of direction  on average.
Since it may be a while before the velocities of millions  of galaxies are known, astronomers are trying to answer  a simpler question: Are there regions of space toward  which large numbers of galaxies are moving as a group?

DEATH BY BLACK HOLE
Q. What would kill you if you fell into a black hole?
A. You might not die right away, but you would eventually be pulled apart by the force of gravity. As you fell in  and even afterward, you might not lose consciousness,  but the pull of gravity on your feet would be stronger  than on your head, and you would be stretched, then  torn apart. The difference in force is called the tidal force  and is like that in the ocean, except in more extreme  form. The force would be less if it was a big enough black  hole; in a small black hole it might kill you before you  disappeared beneath the event horizon, the edge of the  hole.
But even in a larger black hole, the tidal force always  gets you in the end. Once you fall in, you can’t avoid  falling toward the center, and the force would kill you  before you reached the center. How long it would take  depends on how big the black hole is. If it was big  enough so that the tidal force didn’t kill you before you  fell in, you might have an hour or several hours before  being torn apart. In a small one, such as one that forms  when a star collapses, you wouldn’t have much time,  perhaps a thousandth of a second. That would happen  with a run-of-the-mill black hole, like those that might  be found in the Milky Way Galaxy.

AVERTING YOUR EYES
Q. When I look at a constellation, I can see the fainter  stars better out of the corner of my eye. Why?
A. Because the eye has two kinds of receptors, cones for  fine resolution and color and rods for dim light, and the  rods tend to be located around the periphery, for viewing the edges of the field of vision.
Cones are extremely good at high definition and for  precise positioning of pinpoints of light. Rods don’t give  nearly as fine resolution and don’t distinguish colors, but  are much more sensitive. In effect, rods serve as night-vision sensors.
The result is that when you go out at night, you can  clearly see the bright stars and planets at the center of  your eye, but you can see the fainter ones out of the corner of your eye. Astronomers call this averted vision.  For example, if they look with the unaided eye straight  at a galaxy they know is there, they may not see it, but if  they look off to one side, they can easily see the fuzzy  gray patch that is the galaxy.
Cameras, too, tend to give up resolution and sensitivity to color when they achieve better sensitivity to low  light levels.

SEEING STARS 
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Q. Why can’t you see the  stars in photos or videos  taken by astronauts?
A. Such pictures do not  ordinarily show stars because  the stars are not bright  enough in comparison to the  nearby Sun and the things it  shines on.
Virtually all of the astronaut photos are of objects  brightly illuminated by the Sun. To capture them on film  without overexposing the image, you need a relatively  short exposure, which does not provide enough time for  the film to capture images of stars. If there is no other  strong light source in the picture, however, a photo can  show stars.

A SOUTH STAR?
Q. What is used as a pole star in the Southern Hemisphere, where navigators can’t see the North Star?
A. The closest thing to a south star for navigators south  of the equator is a pair of stars in the Southern Cross,  Crux Australis (or just Crux to astronomers). Alpha  Crucis (its brightest star) and Gamma Crucis (the third  brightest) point almost straight to the south celestial  pole.
The striking Southern Cross, which has four stars  brighter than the second magnitude in a cross or kite  shape, takes up only 68 square degrees of the sky. The  area defined by the Southern Cross has other interesting  features, notably the Coalsack Nebula, which looks like  a round blank spot in the sky but is actually a cloud of  gas-laden dust that blocks the background starlight, and  the Jewel Box cluster, designated NGC 4755, an open  cluster of more than 100 stars surrounding Kappa  Crucis, which is bright red in a modest telescope.

HELLO OUT THERE!
Q. In the search for extraterrestrial intelligence, or  SETI, what kinds of signals would be considered evidence of transmission by intelligent life? How would  scientists respond?
A. Such a transmission might take many forms, but  would probably encode mathematical formulas. The  reply would depend on the content; it would not be  made by scientists, but would come after extensive  international consultation.
As for verification, the main feature distinguishing  signals produced by a transmitter from those produced  by natural processes is their spectral width—that is,  how much room on the radio dial they take up. As far as  scientists know, any signal less than about 300 hertz  wide is artificially produced.
Other telltale characteristics might be coded information, like the message beamed from the Arecibo telescope in 1974, which included data like the senders’  location (third rock from the Sun, in the case of Earth).  Another important test would be a confirming observation of the same signal at another radio telescope.
Once confirmed, the discovery would be announced  based on a plan set up by six international space agencies. First, the scientific community would be notified  through the International Astronomical Union and the  United Nations. Then international authorities would  draft a reply.

SITCOMS IN SPACE 
Q. How far out in space could Earth’s television and  radio signals be detected?
A. The speed of light can seem fairly slow when you’re  talking about communicating across galaxies. FM   broadcasts and the earliest television programs from,  say, half a century of broadcasting have reached a distance of 50 light-years, or about 294 trillion miles, from  Earth.
The nearest star is about 4  light-years away, and there  are on the order of several  thousand stars within the 50-light-year range. So the earliest episodes of I Love Lucy are  washing over a new star system at the rate of about one  system a day.
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Any civilization on the receiving end would need a  very large antenna to pick up the broadcasts, about the  size of Manhattan, but scientists suggest it could be  done. But the chances that one star in a few thousand  had some sort of civilization might be a big overestimate.

SHINE ON, HARVEST MOON 
Q. Is the harvest moon brighter than other full moons?
A. Ordinarily, the mid-September harvest moon is no  brighter than any other full moon, but it does provide  more hours of moonlight.
In autumn, the orbital path of the Moon and its visibility in the sky combine so that it stays above the horizon for an unusually long time at the full moon and a day  before and after.
The brightness of the Moon is determined by how  much sunlight falls on it, which is pretty much constant;  how much appears to be lit up from where we see it,   from crescent to full; and how high it is in the sky. The  higher the Moon is, the more light we see, because it has  a shorter path through the dust and smog of the atmosphere.
In 1997, the harvest moon of September 15 was the  brightest of the year, by a small margin, because it came  within a few hours of perigee, the Moon’s closest  approach to Earth. The difference in brightness  between the Moon’s closest approach and farthest point  amounts to 12 to 13 percent. It was also the largest full  moon in angular size; its apparent diameter, normally  about 30 arc-minutes, was 32 or 33 arc-minutes.
The varying Earth-Moon distance is why solar  eclipses are sometimes total, when the Moon completely  blocks the Sun, and sometimes annular, with a ring of  light visible around the Moon.

ON THE THIN SIDE
Q. Did the Moon ever have an atmosphere?
A. It has one now, though it is a very thin and highly  dispersed collection of molecules, not suitable for  breathing by Earthlings.
The existence of a lunar atmosphere was reported in  1933, based on observation of the Moon using a mask  that filtered out moonlight in order to study the spectrum of light emitted by sodium. Although sodium is  believed to be just a trace in the Moon’s atmosphere, it is  studied because it is relatively easy to detect and is used  as a marker for other components, such as potassium,  neon, argon, and helium.
A 1993 study of lunar sodium by Boston University   scientists using improved instruments determined that  the atmosphere extended at least 5,000 miles above the  Moon’s surface. The molecules, however, are few and  far between, only an estimated 10 million per cubic centimeter near the Moon’s surface; Earth’s atmosphere is  about a billion times as dense.
The sources of the atmosphere are believed to be the  release of gases from within the Moon by moonquakes  (a phenomenon called outgassing) and the loosening of  molecules from the surface by the impact of molecules  from the solar wind or by meteorites.
A few moons of other planets have much more  impressive atmospheres, like that of Jupiter’s Titan, a  thick haze of nitrogen and methane, and that of Europa,  a thin wisp of oxygen.

MARS COORDINATES
Q. How is zero degrees longitude, the equivalent of the  Greenwich meridian, determined for Mars?
A. A small, well-defined crater named Airy-0, near the  planet’s equator, was designated as the starting point for  the 360 degrees of Martian longitude.
The satellite Mariner 9 began photographing Mars on  November 13, 1971, sending back thousands of detailed  pictures of the planet’s surface on which to base a map.  Using the information captured by this mapping project,  the scientists at the U.S. Geological Survey’s Center of  Astrogeology at Flagstaff, Arizona, were able to refine  their calculations so that the line for the prime meridian  goes through the exact center of the crater, which is  about three-tenths of a mile in diameter.
The zero-degree crater was named Airy-0 in honor of  George Biddell Airy, a British astronomer who lived  from 1801 to 1892. He became Astronomer Royal in  1835, and among his many accomplishments was the  building of the Transit Circle telescope in the Greenwich  Observatory’s Meridian Building in 1850. The cross-hairs in the eyepiece of the telescope define zero degrees  longitude for Earth.

ROCKS FROM THE RED PLANET 
Q. How do scientists determine that a rock on Earth  came from Mars rather than someplace else?
A. The best idea scientists have of the geochemistry of  Mars comes from the two Viking robots that landed on  Mars in 1976. Findings from the robots’ weeks of readings of things like the Martian atmosphere are compared  with the chemical signatures of meteorites found on  Earth.
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The first such object confidently identified as Martian  was reported in 1983. The  object, a rock eight inches  in diameter that weighed 17.5  pounds, had been picked up  in 1979 at the Elephant Moraine near McMurdo Sound  in Antarctica.
Trapped in bits of glass in the object, designated  EETA 79001, were some so-called noble gases—neon,  argon, krypton, and xenon—strikingly similar in abundance to those of the Martian atmosphere, as determined by the Viking missions.
There are now about two dozen meteorites thought to  be from Mars.

PALE IN COMPARISON 
Q. Why is Venus so much brighter in the sky than  Mercury, which is closer to the Sun?
A. Venus is brighter because it is much larger, because  it has a reflective atmosphere, and because it makes  close approaches to Earth.
First, Mercury is about 3,100 miles in diameter, compared with about 7,700 miles for Venus.
Second, there is no atmosphere surrounding Mercury, while Venus has a thick atmosphere, composed  chiefly of clouds of carbon dioxide. These clouds have a  very high reflectivity, causing Venus to appear to shine  with great brilliance.
Third, Venus can approach the Earth much more  closely than Mercury. In fact, Venus periodically comes  closer to Earth than any other known celestial body,  except for the Moon, as close as 25 million miles. All of  these things allow Venus to shine more brightly than not  just Mercury, but than any of the other planets in our  solar system.
Because Mercury and Venus are closer to the Sun  than Earth is, they can show phases like those of the  Moon. When Mercury shines at its brightest, it appears  through a telescope as a gibbous or nearly full phase.  When Venus appears to shine at its most brilliant, it   appears in telescopes not as a nearly full phase, but as a  crescent.

ON THE TRACK OF VENUS 
Q. I have been told that the Maya made precise measurements of Venus. What did they learn?
A. It would be more accurate to say that the ancient  Maya of Central America, who had no telescopes, did  not measure Venus itself but kept careful records of its  apparent track in the sky.
Because of the relative orbits of Earth and Venus,  Venus is first invisible, then appears in the morning sky,  then disappears, then reappears in the evening sky, then  fades from view again.
An important part of the complex Mayan calendrical  system is based on the 584 days it takes for Venus to  make that complete cycle. The Venus cycle was meshed  with a sacred calendar of 260 days and the 365-day solar  calendar to come up with a cycle of about 2,920 days, or  8 solar years, in which the calendars came out approximately even.

COSMIC COLLISION 
Q. Pluto sometimes crosses the orbit of Neptune, suggesting to me that they might collide at some point.  Should I worry?
A. No. Their closest approach is not close at all—about  the distance between Uranus and the Sun.
One reason they cannot pass any closer is that Neptune completes its orbit three times in the time that Pluto   goes around twice. This exact relationship is called a  resonance.
Another such relationship, called the Kozae resonance, provides an added protection. The orbit of Pluto  is not in the same plane as Neptune’s but is inclined to it  at an angle of about 17 degrees. When Pluto is closest to  the Sun, it is about as far away from Neptune’s orbital  plane as it can be, and there is close to the maximum  separation when the two planets are crossing at the same  distance from the Sun.
If the planets didn’t have these protections, a collision  would have happened long ago and we would never  have known about Pluto’s existence. Perhaps over hundreds of millions of years they could get out of resonance, but that is a long enough period that no one  would have to worry.
Pluto is not alone in the Kozae resonance; at least fifty  other objects orbiting the Sun, called Plutinos, enjoy the  same protection.

THE PLANETARY PLANE 
Q. Why are the orbits of the Sun’s planets arranged in a  more or less flat plane?
A. The planets are believed by many authorities to have  coalesced from a cloud of gas early in the evolution of  our solar system, beginning roughly 5 billion years ago.  Since the gas cloud was disk shaped, when the planets  came to be within this cloud, they all formed basically  along the same plane.
There is a notable exception, the tiny planet Pluto,  which has an orbit that is tipped as much as 17 degrees   to the plane of the solar system. It has been hypothesized  that Pluto might be everything from an escaped moon of  Neptune to a special type of minor planet or asteroid.
Because of its anomalous orbit and other factors,  there is great debate among astronomers as to Pluto’s  exact status as a member of the solar system.

RING AROUND THE SUN 
Q. How does a coronagraph work? How could I build  one?
A. A coronagraph is an optical device that blocks the  light from the Sun’s disk, making it possible to observe  the corona, the very thin and hot upper level of the solar  atmosphere, at the edge of the disk. A lens focuses an  image of the Sun onto a masking or occulting disk that  prevents the light from proceeding farther into the telescope.
A coronagraph requires very high quality optics  assembled in a dust-free atmosphere. Near sea level, a  coronagraph would be virtually useless, because the  scattered light from the Earth’s atmosphere would overwhelm light from the corona. Scientists put corona-graphs high in the mountains  or launch them into space.
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But any telescope can be  turned into a coronagraph,  simply by taking it to observe  a total solar eclipse. (Just  remember, for safety, never  to look at the eclipse directly;  project the image out through   the eyepiece onto a piece of paper.) Because of the happy  coincidence of the Moon’s size and distance, when the  Moon passes directly between the Sun and the Earth, it  is usually in just the right position to make a very effective occulting disk. And during an eclipse, the Earth’s  atmosphere is also in the Moon’s dark shadow, so light  scattering is not a problem.
In fact, scientists still find a total solar eclipse to be an  unexcelled opportunity to study the Sun’s corona.

SPACE TRAFFIC CONTROL
Q. Is there an international agency that coordinates  satellite launchings?
A. The United Nations keeps a registry and a data center at NASA assigns designations, but only communications satellites are subject to practical controls.
Every satellite must be registered to a particular  country, for reasons of liability under space law. A registry has been maintained by the UN Secretariat since  1962, and another registry, established under a 1976  agreement, is kept by the agency’s Committee on the  Peaceful Uses of Outer Space.
Registry listings include a designation, determined by  the World Data Center for Rockets and Satellites at  NASA/Goddard Space Center, for each satellite. The  listings include details of each object’s orbit, altitude,  and function.
But only the International Telecommunication Union  coordinates launchings, by assigning the frequency slots  for transmissions so that satellites won’t interfere with  one another.

STEERING THE SHUTTLE 
Q. Why does the space shuttle roll after launching?  How does it catch up to the space station without bumping into it?
A. Shortly after the shuttle clears the launching tower,  the software of its automated guidance, navigation, and  control system initiates a roll command to line it up on  the desired course and heading. The roll program tells  the engine nozzles how much to gimbal, or swivel, to  aim the shuttle properly. It goes straight up for only a  short time, then rolls to take advantage of Earth’s rotation under it to get into orbit.
The shuttle goes downrange to get into orbit, actually heading downrange much faster than it goes up in  altitude.
As for catching up to the space station, it is useful to  consider the analogy of runners on a track. The station  is in the outside lane, its orbit 240 miles above Earth,  where it takes 92 minutes to go around the world at  17,500 miles an hour. The shuttle, in the inside lane at a  lower altitude, takes only 90 minutes a lap. Over two  days, its altitude is slowly raised until it matches that of  the station. With both vessels traveling at the same  orbital speed, the impact speed is about an inch per second.

SCI-FIDELITY
Q. Why is it that video from the space shuttle is usually  as clear as most TV pictures, while audio is nearly as  scratchy as transmissions from the sixties?
A. It has largely to do with the fidelity of the microphones, not the quality of space-to-ground communications systems. The astronauts wear wireless mikes that  are as light and unobtrusive as NASA can make them.  An FM signal goes from the astronaut to a communications device, then is radioed through a satellite system to  the ground.
The microphones are fairly low fidelity. The better  they are, the heavier they are, and on the shuttle, every  ounce counts. NASA is not trying to obtain broadcast  quality, and as long as the astronauts can be understood,  that is enough.
Astronauts are given instruction in techniques for  using a microphone, like not talking directly into it and  avoiding the explosive ts and  bs that are likely to make  the mike pop. But they have got other things to worry  about, and proper mike
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