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Dedication

To my many astronomy teachers. You promised the Moon, planets, stars, and galaxies—and the Universe delivered!







INTRODUCTION

Astronomy is the study of stars, planets, galaxies—and everything else in the Universe—and the laws, forces, and events that shape them. It is one of the oldest sciences and dates back to when people first looked up at the sky and began to wonder about what they saw. Whether you’re familiar with the night sky and want to learn more about what’s “out there” or are just beginning your cosmic journey of understanding, there’s something here for you.

In Astronomy 101, 2nd Edition, you’ll find up-to-date information on the cosmos, from the earliest studies of the sky to the newest discoveries being made. Each section gives you an overview of one fascinating topic of astronomy. You’ll learn about planets in the Solar System and the most distant objects in the Universe. You’ll also be introduced to some of the important people in astronomy and venture into some “far out” topics, such as extraterrestrial life and the science fiction universes you might recognize from TV, video games, and literature. Throughout this book, you’ll uncover:


	The pivotal findings of astronomers such as Galileo and Andrea Ghez

	The mysteries of dark matter and black holes

	How and why stars are born—and die

	The real-world inspiration behind space travel in fictional classics like A Wrinkle in Time

	How amazing sights like the aurora borealis are actually caused by weather in space

	And more



And, although this isn’t a “how to” book, the final section provides a quick guide to how you can explore the Universe from your own backyard. You can read this book from start to finish or pick and choose the topics that stand out to you. Each section gives unique insight into the endlessly fascinating Universe. And, if you feel inspired to do even more interstellar investigation, be sure to check out the reference section at the back of this book, which will point you to further reading.

From professional astronomers to casual sky gazers, everyone and everything on Earth originated in space. It’s what makes the depths of the Universe so intriguing: Space is in your DNA! It’s where you came from. Welcome home!










WHAT IS ASTRONOMY? The Language of Astronomy



From Earth and other planets to stars like the Sun and everything else in the cosmos, astronomy explores what lies across the vast Universe. It seeks to understand everything from the early history to the newest discoveries continuing to be made.


ASTRONOMY LINGO

A first step in uncovering the wonders of astronomy for yourself is learning how it is talked about. As with all sciences, astronomy has its own language to describe the objects and events it observes, so there are recurring terms or “astro lingo” you will see again and again as you read this book—and other works related to the study of the Universe. The following key definitions will help you understand this language of the stars.


Distance

Distances in astronomy get very large very fast. Astronomers use the term astronomical unit (shortened to AU) to define the distance between Earth and the Sun. It’s equivalent to 149 million kilometers, or 93 million miles. (Astronomy is done in metric units.) So, for distances inside the Solar System, AU is typically used. For example, Jupiter (depending on where it is in its orbit) is 5.2 AU away from the Sun, which is a distance of 774.8 million kilometers (483.6 million miles).

In interstellar space, other units are used. The light-year (shortened to ly) comes from multiplying the speed of light, 300,000 kilometers per second, by the total seconds in a year. The result is the distance light travels in a year: 9.5 trillion kilometers. The nearest star is 4.2 light-years away from Earth. That means it’s four times 9.5 trillion kilometers, which is a huge number. It’s easier to say that the star is 4.2 light-years away.

Astronomers also use the term parsec (or pc for short). One parsec equals 3.26 light-years. The famous Pleiades star cluster is around 150 parsecs (about 350–460 light-years) away. The nearest spiral galaxy, called the Andromeda Galaxy, is about 767 kiloparsecs, or 2.5 million light-years, from Earth.

Really huge distances are measured in terms of megaparsecs (millions of parsecs, or Mpc). The closest cluster of galaxies to Earth’s own Milky Way Galaxy lies about 16 megaparsecs, or nearly 59 million light-years, away. The very largest distances are measured in units of gigaparsecs (billions of parsecs, or Gpc). The limit of the visible Universe lies about 14 Gpc away from Earth (about 45.7 billion light-years).



Light

Light carries basic information about the objects observed by astronomers. Studying the light emitted, reflected, or absorbed by an object tells a great deal about the object. The speed of light is the fastest velocity that anything can move in the Universe. It is generally stated as 299,792,458 meters (186,282 miles) per second, in a vacuum. It has been measured very accurately and is the standard that astronomers and physicists use. However, as light passes through water, for example, it slows down to 229,600,000 meters (140,000 miles) per second. The letter c is shorthand for the speed of light.

Light speed does more than define distances. It also helps astronomers get an idea of the age of the Universe. Step out and look at the Moon. The Moon your eyes see is about 1.28 seconds old, because it is about 1.28 light-seconds away. The Sun is around 8.3 light-minutes away—you see the Sun as it was around 8.3 minutes ago. The light from the next closest star, called Proxima Centauri, shows you how it looked just over four years ago. The light from a galaxy that lies 65 million light-years away left that galaxy when the dinosaurs were facing extinction. The most distant objects and events existed when the Universe itself was only a few hundred thousand years old. Astronomers see them as they were, more than 13 billion years ago. When you look out in space, you’re looking back into time. The farther across space you look, the further back in time you see. This means the telescopes and instruments used to study the cosmos are really time machines.

In several places in this book, you can also read about spectra and spectroscopy. These are important tools in the astronomer’s toolkit, and hinge on the science of light. Specifically, they take light from an object and slice it up into its component wavelengths. The result is a spectrum. Spectroscopy provides insight into the chemical makeup of an object, gives information about how fast or slow the object moves, and helps astronomers figure out how far away it is. An object traveling toward you shows lines in its spectrum that are blueshifted, or shifted to the blue end of the spectrum. If it’s going away from you, then the lines are redshifted—shifted toward the red end of the spectrum. The term redshift is often used to indicate an object’s distance, say a redshift of 0.5. Astronomers notate that as z = 0.5.


A Spectrum of Colors

If you’ve ever passed light through a prism and noticed the spread of colors that come out, you’ve seen the principle that spectroscopy works under—except, there are more “colors” in the spectrum that you can’t see. Your eyes can only detect the colors you see coming from the prism. Visible light consists of the following colors: red, orange, yellow, green, blue, indigo, violet.





EXPLORING THE UNIVERSE

Astronomy connects people with the Universe through observation and analysis of what lies beyond Earth. It has a language of its own, and the scientific study of the planets, stars, and galaxies gives insight into not just what’s “out there,” but the history of the cosmos and how its objects formed and evolved.







THE SOLAR SYSTEM Earth’s Neighborhood in Space



The Solar System is your local place in space. It contains the Sun, eight planets, many dwarf planets, comets, moons, and asteroids. The Sun holds 99.8 percent of all the mass in the Solar System. In orbit around it, in a region called the inner solar system, are:


	Mercury

	Venus

	Earth

	Mars



Beyond Mars, there’s the Asteroid Belt, a collection of mainly rocky objects of various sizes. Beyond that, lie four giant planets that orbit the Sun at large distances and contain about 99 percent of the rest of the Solar System’s mass. These are:


	Jupiter

	Saturn

	Uranus

	Neptune



In recent years, planetary scientists (people who study Solar System bodies) have focused much attention on a region beyond the realm of a giant planet, called the Kuiper Belt. It extends from the orbit of Neptune out to a distance of well beyond 50 AU from the Sun. Think of it as a very distant but very important member of the Solar System. It’s populated with dwarf planets—Pluto, Haumea, Makemake, and Eris, for example—as well as many other small worlds and their moons.



[image: A diagram showing cutaway cross-sections of the internal layers of Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto.]
The general compositions of the worlds of the Solar System. Description 1



INVENTORY OF THE SOLAR SYSTEM


	1 star

	8 main planets

	10 (and counting) dwarf planets and candidates

	891 (and counting) moons

	4 known ring systems

	Countless comets

	Hundreds of thousands of asteroids



Planetary scientists often refer to the inner worlds as the terrestrial planets, from the word Terra, which is Latin for Earth. It indicates worlds that have a similar rocky composition to Earth. Earth, Venus, and Mars have substantial atmospheres, while Mercury appears to have a very thin one. The giant planets are more accurately known as the gas and ice giants. These planets consist mostly of very small rocky cores buried deep within massive spheres made of liquid metallic hydrogen and some helium, covered by cloudy atmospheres. Jupiter and Saturn are the gas giants, while the two outermost planets—Uranus and Neptune—are the ice giants because they also contain significant amounts of supercold forms of oxygen, carbon, nitrogen, and sulfur, and possibly even some water. The Kuiper Belt, home of Pluto and a number of other dwarf planets, stretches beyond Neptune, out to a distance of nearly 1,000 astronomical units from the Sun.


The Oort Cloud

The entire Solar System is surrounded by a shell of frozen bits of ice and rock called the Oort Cloud. It stretches out to about a quarter of the way to the nearest star. Both the Kuiper Belt and the Oort Cloud are the origin of most of the comets that people see.





MOONS AND RINGS

Nearly all the major planets, some of the dwarf planets, and some asteroids have natural satellites called moons. The one you’re most familiar with is Earth’s Moon. The lunar (from the name Luna) surface—that of the Moon—is the only other surface of a world on which humans have set foot. Mars has two moons, called Phobos and Deimos, and Mercury and Venus have none.

The gas giants swarm with moons. Jupiter’s four largest are Io, Europa, Ganymede, and Callisto, and they’re often referred to as the Galilean moons. This name honors their discoverer, astronomer Galileo Galilei. Over the past few decades, at least sixty more moons have been discovered orbiting Jupiter. Saturn, Uranus, and Neptune also sport dozens of smaller icy worlds. Out in the Kuiper Belt, the dwarf planet Pluto has at least five satellites, while Eris has at least one.

Each gas giant planet also has a set of rings containing chunks of rocks, ice, and dust particles. Saturn’s is the most extensive and beautiful. It’s possible Earth had a ring in its early history, but it soon disappeared. Planetary scientists now look at rings as somewhat ephemeral (short-lived) objects.



ORBITING THE SUN

All the planets of the Solar System travel around the Sun following paths called orbits. Kepler’s Laws (explored more later in this book) define those paths. These laws state that orbits are elliptical (slightly flattened circles), with the Sun at one focus of the ellipse. The farther out an object orbits, the longer it takes to go around the Sun. If you connect a line between the Sun and the object, Kepler’s Law states that this line sweeps out equal areas in equal amounts of time as the object goes around the Sun.
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The worlds of the Solar System shown on their orbital paths. Most of the planetary paths are close to being circular except for Pluto’s orbit, which is very elongated.



Solar System Worlds and Orbits


	Planet

	Average Distance from Sun (km)

	Orbital Period (Earth Year/Earth Days)





	Mercury

	58 million

	0.24 Earth years (88 Earth days)




	Venus

	108 million

	0.62 Earth years (226.3 Earth days)




	Earth

	149 million

	1 Earth year (365.25 days)




	Mars

	227 million

	1.88 Earth years (686.2 Earth days)




	Jupiter

	779 million

	11.86 Earth years (4,380 Earth days)




	Saturn

	1.425 billion

	29.5 Earth years (10,767.5 Earth days)




	Uranus

	2.85 billion

	84 Earth years (30,660 Earth days)




	Neptune

	4.5 billion

	165 Earth years (60,225 Earth days)




	Pluto

	5.06 billion

	248 Earth years (90,520 Earth days)










WHAT’S A PLANET?

Early Greek sky gazers used the word planetes (wanderers) to refer to starlike objects that wandered through the sky. Today, astronomers just apply the word planet to eight worlds of the Solar System, excluding Pluto and other small worlds. In 2005, when planetary scientists found Eris, which is larger than Pluto, it forced them to think hard about what planet means. In the current International Astronomical Union (IAU) definition, a planet is a celestial body that has its primary orbit around the Sun, has sufficient mass for its own gravity to mold it into a round shape, and has “cleared the neighborhood” in its orbit by sweeping up all the planetesimals, which means that it’s the only body of its size in its orbit. This complex definition excludes comets, asteroids, and smaller worlds that aren’t rounded by their own gravity. “Clearing the neighborhood” continues to generate a lot of discussion among planetary scientists, with some pointing out that other planets (such as Earth or Jupiter) haven’t totally cleared their neighborhoods. So, the definition of planet remains under intense discussion.

The IAU has also defined another class called dwarf planets. These are objects that meet the first two criteria for planets but have not yet cleared their orbits. Pluto, along with Ceres (discovered in 1801 and long known as a minor planet) and the more recently discovered worlds of Eris, Makemake, Haumea, and others, is now classified as a dwarf planet.




FORCES THAT SCULPT WORLDS

Several processes have an effect on the surfaces of worlds:


	Volcanism is when volcanoes spew mineral-rich lava. This happens on Earth, Venus, and Jupiter’s moon Io. It has occurred in the past on Mercury and Mars.

	Cryovolcanism is when icy (or slushy) material erupts from beneath the surface. It occurs mostly on the frozen moons around the giant planets, as well as on Pluto and Charon. There are also signs of this action on other worlds in the Kuiper Belt.

	Tectonism is when the surface of a planet or moon is warped by heat from below. On Earth, tectonism stems from the motions of rock plates that jostle around underneath the planet’s crust. Tectonism may have occurred on Mars, it may have affected Venus, and a form of it occurs on some of the icy moons surrounding the giant planets.

	Weathering and erosion also change surfaces. On Earth, wind-driven sand sculpts the landscape, and running water erodes the surface. This also occurs on Mars, where winds blow dust and sand across the surface. Extensive evidence shows that water once flowed across Mars’s surface or existed in shallow seas and lakes.









THE SUN Living with a Star



The Sun is a star and the biggest source of heat and light in the Solar System. It’s one of at least several hundred billion stars in the Milky Way Galaxy. Without it, life might not exist, and that makes it very important. To early people, the Sun was something to worship. Ancient Greeks venerated Helios as the sun god, but they also had insatiable scientific curiosity about it. They conducted lively debates over the true nature of this bright thing in the sky. In the 1600s, Italian astronomer Galileo Galilei (1564–1642) speculated about what it could be. So did Johannes Kepler (1571–1630) a few decades later. In the 1800s, astronomers developed scientific instruments to measure the Sun’s properties, which marked the beginning of solar physics as a scientific discipline.


Solar Physics

The study of the physics of the Sun is called solar physics, a very active area of research. It explains how the Sun works and how it affects the rest of the Solar System. Solar physicists are the scientists who measure the Sun’s temperatures, figure out its structure, and have assigned it a stellar “type” based on their measurements. Their work allows you to learn more about all stars by studying this one.




[image: A cross-section diagram of the sun showing labeled layers: Core, Radiative Zone, Convective Zone, Photosphere, Chromosphere, and Corona.]
A cutaway view of the Sun, showing the core, the radiative zone, the convective zone, the photosphere, the chromosphere, and the corona.


STRUCTURE OF THE SUN

The Sun is essentially a big sphere of superheated gas. An imaginary voyage into its heart shows its structure.

First, you have to get through the outer solar atmosphere, called the corona. This incredibly thin layer of gas gets superheated to temperatures well over a million degrees by the action of plasma waves, magnetic field activity, and tiny outbursts called nanoflares.

Once through the corona, you’re in the chromosphere. This is a thin, reddish-hued layer of gases, and its temperature changes from 3,500°C (6,300°F) at the base to about 34,726°C (62,500°F) where it transitions up to the corona.

Beneath the chromosphere is the photosphere, where temperatures range from 4,226°C (7,640°F) to 5,700°C (10,340°F). When you look at the Sun, the photosphere is what you actually see. The Sun is white, but it appears yellowish because its light travels through Earth’s atmosphere, which filters some blue and red wavelengths from the incoming light.

After you dive below the photosphere, you’re in a layer called the convective zone. If you’ve ever boiled water or syrup, you might recall seeing little granular bubbles. The Sun’s convective zone has these granular areas too. They form as hot material from deep inside rises to the surface. These bubbles form currents moving through the Sun.

The next layer down is the radiative zone. This is a very descriptive name because the region truly does radiate heat from the center of the Sun out to the convective zone.

Finally, beneath the radiative zone is the solar core. This is the inner sanctum—a huge nuclear furnace. It’s the place where nuclear fusion takes place. How does that happen? The temperature in the core is about 15 million°C (27 million°F). The rest of the Sun pressing down on it provides a pressure 340 billion times Earth’s atmospheric pressure at sea level. Those extreme conditions create a huge pressure cooker in which atoms of hydrogen slam together to form atoms of helium. The Sun fuses about 620 metric tons of hydrogen to helium each second, and that’s what provides all the heat and light.

The Sun’s heat and light travel out to the planets. Mercury is baked, while the most distant worlds get a small fraction of the Sun’s warmth. The Sun also exerts another influence called the solar wind. This constantly blowing stream of charged particles extends out nearly 100 astronomical units (a hundred times the distance between Earth and the Sun) and creates a huge bubble that surrounds the Sun and planets. The bubble’s inner edge is called the heliopause. Beyond that lies interstellar space, where other stars go through the process of nuclear fusion just as the Sun does.


The Sun As a Star

If you could travel out to the heliopause, as the Voyager spacecraft did, your view of the Sun would be very different from the friendly yellow star you see from Earth. It would be just one more star, set against a backdrop of millions of other stars. But it’s the star you live with, and that makes all the difference.




WHY THE SUN HAS SPOTS

Sometimes the surface of the Sun appears dotted with dark regions called sunspots. These are areas threaded with magnetic fields and look dark because they are cooler than the surrounding regions. Sunspots appear in eleven-year cycles. Halfway through each cycle, during a time called solar maximum, we see many sunspots. Then, they gradually taper off over several years until there are only a few sunspots. This is called solar minimum.

Sunspots are related to solar activity, particularly in bright outbursts called flares. Other solar explosions called coronal mass ejections hurl huge masses of energized gas (called plasma) out into space. These outbursts occur when the magnetic loops rising up out of sunspot regions get twisted and then break. That action unleashes huge amounts of energy and charged particles to space. These occur most often during the period of maximum solar activity and cause a phenomenon called space weather, which occurs throughout the Solar System.



EXPLORING THE SUN

Both professional and amateur astronomers study the Sun using observatories on Earth’s surface and from space. Ground-based telescopes measure all aspects of the Sun’s surface and atmosphere. Some radio telescopes and radar detectors track the Sun’s influence on Earth’s upper ionosphere. Their data gets used in models that help predict space weather events. Solar physicists peer inside the Sun using a set of special instruments called the Global Oscillations Network Group (GONG), which focus on sound waves moving through the Sun, a science called helioseismology.

NASA has a fleet of space-based instruments that study the Sun and how it influences Earth:


	The Solar Terrestrial Relations Observatory (STEREO), two orbiting satellites that give a constant three-dimensional view of solar activity

	The Solar Dynamics Observatory (SDO), which gives real-time imagery of the Sun and its outbursts and does helioseismology

	The Solar Heliospheric Observatory (SOHO), which focuses on the Sun’s upper layers and corona



In 2018, NASA sent the Parker Solar Probe on a multiyear mission to swing by the Sun, followed in 2020 by the European Space Agency’s Solar Orbiter. Both study the Sun’s atmosphere, the solar wind, and other aspects of solar activity. The Parker probe and the Daniel K. Inouye Solar Telescope (DKIST) in Hawai‘i coordinated observations in 2022. DKIST is one of many ground-based solar telescopes around the world that provide real-time high-resolution data about this nearest star.







SPACE WEATHER The Sun-Earth Connection



Have you ever seen or heard about the northern or southern lights? These upper-atmosphere light shows are actually a very benign form of space weather, a term that describes changes in the near-Earth space environment mainly due to activity originating at the Sun. Such aurorae are upper-atmosphere disturbances sparked by certain types of solar activity. They occur about 80–90 kilometers (50–60 miles) above the polar regions of Earth. They are just one manifestation of the constant connection between Earth and the Sun. It’s one that provides more than heat and light to your home planet.


WHEN SPACE WEATHER ATTACKS

The Sun constantly emits a stream of charged particles called the solar wind. As this wind rushes past Earth, it runs into the magnetosphere. That’s the region of space around Earth bound by its magnetic field. Most of the wind slides right on by, but some of the charged particles get caught up in the magnetic field lines. They spiral in toward the polar regions since those areas are where the magnetic field lines originate. The charged particles energize molecules of gas in Earth’s upper atmosphere, called the ionosphere. This causes them to glow. That glow is called the aurora. If it appears over the North Pole, it’s called the aurora borealis; over the South Pole it is called the aurora australis. Most of the time it glows white or green. However, when a strong solar storm occurs, it energizes more and different atmospheric gases. That’s when you see reds and purples in spectacular auroral displays.


An Energized Sun

The Sun goes through periods when it’s more active. The most commonly known is the eleven-year sunspot cycle. It starts with a low number of sunspots and ramps up over five or so years to a point called solar maximum. That’s when the Sun has the most sunspots and is usually sending out large outbursts of charged particles.


When the Sun sends out a huge blast of charged particles called a coronal mass ejection, or belches out a giant X-class flare (the largest and most intense type of outburst), that material rushes out at high speeds. You see the light from the outburst 8.3 minutes after it happens. Masses of charged particles arrive anywhere from one to three days later, and they collide with Earth’s magnetic field and stir up activity in the ionosphere.

Depending on how strong the flares and mass ejections are, Earth can experience anything from lovely auroral displays to much stronger and more serious consequences. A heavy solar outburst causes ionospheric disturbances called geomagnetic storms. These can affect or even shut down communications and global positioning satellites, endanger astronauts in near-Earth space, and in some severe cases, shut down power grids on Earth. How can that happen? A typical strong ionospheric storm stirred up by the collision of material from a strong solar outburst makes drastic changes in the near-Earth environment. Charged particles barrel right into the upper atmosphere. This creates strong electrical currents there that affect ground-based electrical power grids.

The propagation of radio and other signals that people use for communications can be interrupted as a result. Satellites in near-Earth space are particularly vulnerable to the radiation from a space weather attack, as are the systems and people aboard the International Space Station. The threat of strong outbursts drives serious research into predicting and preparing for damage to technology. Currently the first line of defense is advance warning from a variety of orbiting satellites that study the Sun.
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Space weather can affect Earth and technology in many different ways. It can damage spacecraft electronics, cause power outages, and disrupt telecommunications.




PREDICTING SPACE WEATHER

Right now, no one can predict precisely when the Sun will belch a mass of particles and radiation at Earth. Today’s civilization is highly dependent on a network of technologies that supply communication, transportation, navigation, and other current services; these in turn are greatly affected by the Sun’s outbursts. This is one important reason why atmospheric scientists and solar researchers take such a keen interest in studying the Sun’s activity. Continued observations of outbursts provide valuable data about the process that ignites and delivers such things as X-class flares and coronal mass ejections. With that information, scientists provide timely warnings to satellite operators and power grid owners, as well as airlines, railroads, ships, and other systems that depend on radar and global positioning satellite data for navigation.



SPACE WEATHER AND GPS

Global positioning system (GPS) data underpins today’s technological society. When you fly, take a train, sail on a cruise ship, or drive in a GPS-equipped car or truck, you’re relying on satellite timing signals that travel through the atmosphere to receivers on the ground. That data helps calculate your position. Other systems also rely on GPS timing signals—they range from cellular telephone services to financial transfer networks that move money around the globe. A geomagnetic storm increases the electron density (the number of electrons) in the upper atmosphere. Signals trying to move through to the ground get delayed, which causes errors in their data. This means that systems depending on GPS have to shut down.




LIGHTS OUT

On March 9, 1989, a coronal mass ejection (CME) lifted off the Sun headed directly toward Earth. Three days later, the planet experienced one of the most severe geomagnetic storms in recent history. Another series of CMEs occurred around Halloween 2003, with similar effects. Both events caused huge auroral displays, knocked out navigational controls on some satellites, disrupted communications, and induced huge electrical currents that spurred power outages. The lights went out for millions of people.







MERCURY A World of Extremes



Mercury is one of the most extreme places in the Solar System. It’s the closest planet to the Sun and, at 2,440 kilometers in diameter, the smallest planet in the Solar System. It’s actually smaller than Jupiter’s moon Ganymede and Saturn’s moon Titan. This dense, rocky world has a weak magnetic field generated from deep inside a gigantic core by the motions of molten material.

Mercury has a very thin, almost nonexistent atmosphere, and more than any of the other terrestrial planets, the landscape is cratered, cracked, and wrinkled. It’s not hard to see why this world is so extreme, and that’s what makes it so intriguing.


The Sun from Mercury

If you could stand on Mercury’s surface, the Sun would look huge—three times bigger than from Earth. Because it’s so close to the Sun, the planet’s surface endures a temperature swing of nearly 610 degrees—the largest of any planet. At its hottest, the surface bakes at 430°C (800°F). At night, temperatures drop to about –183°C (–300°F).


Mercury Facts


	Closest point to Sun: 46 million kilometers (28.5 million miles)

	Most distant point from Sun: 69.8 million kilometers (43.3 million miles)

	Length of year: 88 Earth days

	Length of day: 59 Earth days

	Tilt of axis: 0.0 degrees

	Gravity: 0.38 Earth’s gravity




MERCURY’S HISTORY

Mercury, along with Venus, Earth, and Mars, formed from rocky materials that could withstand the high temperatures close to the newborn Sun. Each of these worlds has an iron-rich core, surrounded by a layer called the mantle. The mantle is rich in magnesium, combined with minerals called iron silicates. Above the mantle on each planet is a rocky crust, created through volcanic eruptions and other geologic processes. Venus, Earth, and Mars all ended up with atmospheres above their surfaces, but early Mercury lost nearly all its original blanket of gases due to constant buffeting from the solar wind.

Like the other planets of the inner Solar System, Mercury was subject to impacts from incoming space rocks during a period called the Late Heavy Bombardment, which ended about 3.8 billion years ago. Most of the impact regions on Venus and Earth are gone, eroded away by atmospheric action, volcanism, and (on Earth) flowing water. Mercury, on the other hand, retained many of the craters from that era of its history. Mars also still shows evidence of its early bombardment, which tells astronomers something about its later history. Generally, the more craters there are on a surface, the older a planet or moon is, and so Mercury’s surface is quite old. In fact, in some areas, observers can see impacts piled upon impacts, indicating those regions are quite ancient.

Some of Mercury’s impact features, such as the 1,550-kilometer-wide Caloris Basin, were filled in with lava from later eruptions. The object that created Caloris was probably a 100-kilometer-wide asteroid that slammed into the surface about 4 billion years ago.



MERCURY DISCOVERIES

Mercury turns out to be the densest of the terrestrial planets. It consists of about 60 percent iron—twice as much as Earth has—and 40 percent other minerals. Why it has so much iron is a mystery that planetary scientists are working to solve.

To find out more about Mercury and the processes that shaped it, planetary scientists sent the Mercury Surface, Space Environment, Geochemistry, and Ranging (MESSENGER) spacecraft on a multiyear mission of exploration. It arrived in orbit around the planet in 2011 and studied Mercury for more than four years. The data the spacecraft returned was remarkable:


	There is strong evidence of water at the poles.

	Mercury’s core is larger than expected; it takes up 85 percent of the planet, is probably solid, and is surrounded by a liquid layer of molten iron, a layer of iron sulfide above that, and silicate rocks that make up the crust.

	Images from the probe’s dual imaging system and data from its laser altimeter instrument (which used laser beams to measure surface features) show that Mercury had a very explosive volcanic early history. Massive lava flows erupted from vents and created long sinuous channels across the surface.



Volcanism isn’t the only process that affected Mercury’s surface. As the young planet cooled, it got smaller. Rocky crusts are quite brittle, and when the layers beneath them shrink, the surface rocks wrinkle and break. Large cliffs called scarps split Mercury’s landscape in several spots as the surface broke apart.

MESSENGER’s atmospheric spectrometer also found a tenuous off-and-on envelope of gas around the planet. This very thin atmosphere contains tiny amounts of hydrogen, helium, oxygen, sodium, calcium, potassium, and—surprisingly—water vapor. The source of most of the atmosphere comes from Mercury itself—its ancient volcanoes are still releasing gasses. Micrometeorites constantly slam down onto Mercury’s rocky surface and kick up dust. In addition, the mission measured particles of the solar wind in Mercury’s atmosphere.

What about the water vapor? That comes from polar ice deposits. In 2012, instruments onboard MESSENGER detected hydrogen and other gases, suggesting that water ice and other volatiles (chemicals with low boiling points) exist at the poles. They also found traces of dark materials that could be organic compounds (carbon-based materials). It’s likely those organics and the ice deposits were delivered by comets that smashed into Mercury’s surface.



MISSIONS TO MERCURY

There have only been three missions to study Mercury. Mariner 10 was the first, visiting Mercury in 1973 and circling the planet three times. Its specialized instruments measured the planet and sent the first-ever close-up images of the surface. In 2011, the MESSENGER spacecraft began orbiting the planet for a multiyear mission. The most recent mission, called BepiColombo, is a joint project between the European Space Agency (ESA) and the Japan Aerospace Exploration Agency (JAXA). It launched in 2018 on a multiyear trip.







VENUS Earth’s Evil Twin



The planet Venus graces the skies so brightly that it often gets mistaken for a really bright star. You might hear it referred to as the morning or evening star depending on when it appears during the day. That brightness is due partly to the fact Venus is the planet “next door” and because it’s shrouded in clouds that reflect sunlight. Venus’s atmosphere is made mostly of carbon dioxide, a potent greenhouse gas that traps heat from the Sun. Hidden under the planet’s clouds is a rugged desert.

The combination of a 462°C (863°F) surface temperature, an incredibly high atmospheric pressure (some ninety-two times that of Earth’s), and a history of volcanic eruptions has turned Venus into a landscape where no life could possibly exist. People often refer to Venus as Earth’s twin because it’s close to Earth’s size and density. However, the nasty climate there makes it clear that Venus is really Earth’s not-so-pleasant twin.

Venus Facts


	Closest point to Sun: 107.4 million kilometers (66.7 million miles)

	Most distant point from Sun: 108.9 million kilometers (67.6 million miles)

	Length of year: 224.7 Earth days

	Length of day: 117 Earth days

	Tilt of axis: 177.3 degrees

	Gravity: 0.9 Earth’s gravity





THE HISTORY OF VENUS

Venus is the second planet out from the Sun and is classified as a terrestrial planet. This means that it, like Mercury, Earth, and Mars, contains primarily silicate rocks and metallic elements. It has a solid, rocky surface shaped by volcanic activity that may still be occurring. Scientists also suspect Venus experiences tectonism in the form of quakes and disturbances caused by molten rock activity under the planet’s surface. Additionally, the surface is eroded and weathered by chemical reactions and winds. These processes also work to modify the surfaces of other planets and some of the moons of the Solar System.

Early in its history, Venus may have had water on its surface, but for some reason the planet lost it very quickly and developed the thick carbon dioxide atmosphere seen today. Volcanism continued to resurface early Venus, flooding the impact craters created during a period called the Late Heavy Bombardment (which ended about 3.8 billion years ago). This was a period when the terrestrial planets were particularly targeted by debris left over from the formation of the Solar System.

Something also stopped Venus from developing plate tectonics—the large-scale motions of the outer crust of a world—and planetary scientists are still working to figure out that part of its evolutionary history. There’s not a lot known about the interior of Venus, but the best models suggest that it probably has a partially molten core surrounded by a mantle layer and a crust. The mantle absorbs heat from the core, and when this middle layer gets too hot, it weakens. This causes the top layer—the crust—to melt in on itself, spurring that tectonism and the volcanic events that keep paving the surface over and over again.

Venus has no internally generated magnetic field. However, there is a weak field that seems to be created as the solar wind interacts with the planet’s upper ionosphere. The European Space Agency’s Venus Express mission observed interesting flux ropes high in the



CRATERS ON VENUS




THE RUNAWAY GREENHOUSE






EXPLORING VENUS




	The Venera 4 and 5, the first to enter the atmosphere and send information

	The Venera 9, which sent back the first images from Venus

	The Magellan, a thirteen-year-long Venus radar mapping project

	The Pioneer Venus orbiters

	The Akatsuki, the first Japanese spacecraft to orbit Venus

	The Japanese IKAROS solar sail demonstrator, which flew past Venus in 2010

	The Venus Express, which studied the planet from 2006–2014

	The Parker Solar Probe, which has flown by Venus multiple times, returning data about the planet





Observing Venus from Home
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