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Welcome to the EVERYTHING® series!

These handy, accessible books give you all you need to tackle a difficult project, gain a new hobby, comprehend a fascinating topic, prepare for an exam, or even brush up on something you learned back in school but have since forgotten.
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Important sound bytes of information

You can read an EVERYTHING® book from cover-to-cover or just pick out the information you want from our four useful boxes: e-facts, e-ssentials, e-alerts, and e-questions. We literally give you everything you need to know on the subject, but throw in a lot of fun stuff along the way, too.
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Urgent warnings

We now have well over 100 EVERYTHING® books in print, spanning such wide-ranging topics as weddings, pregnancy, wine, learning guitar, one-pot cooking, managing people, and so much more. When you’re done reading them all, you can finally say you know EVERYTHING®!
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Dear Reader,

Thanks for picking up The Everything® Astronomy Book! We hope you enjoy reading it as much as we enjoyed writing it.

Astronomy is a different sort of subject, one that can be enjoyed equally by regular people in their own backyards and by astrophysicists in mountaintop observatories. Although astronomy can sometimes seem daunting to a beginner, just about anyone can look up at the night sky and enjoy the stars. Even a little knowledge, such as learning the constellations, where to find the planet Jupiter, or when to look for a meteor shower, can increase your enjoyment immensely.

Keep reading to find out how you can discover a new comet or asteroid, or record observations of a meteor shower or variable star. And don’t worry, there won’t be any math required, and there’s no exam at the end of the book.

We’ve tried to make The Everything® Astronomy Book as accessible as possible for future astronomers of all levels. Just make sure that your mind is open to new experiences, including viewing stars and galaxies, seeing back in time, and learning about the origin of the universe and what our eventual destiny will be.

Clear skies!
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Introduction

Have you always wondered about the sky? Have you looked up at the multitude of stars and tried to find a constellation, but gotten lost when you tried to connect the dots? Do you know which bright objects in the sky are stars and which are planets? Have you wondered what a shooting star is? Have you ever worried that Earth might be hit by an asteroid?

Since ancient times, humans have looked up at the sky in wonder. Stars have always been a source of speculation, and detailed stories were invented by ancient cultures to explain the meanings of what we see in the cosmos. Fables concerning gods, mythological beasts, and other flights of fancy have all been inspired by the night sky. Stars were used to tell the seasons, determine when it was time to plant crops or hunt certain kinds of game, navigate from one place to another, and find the way back home. Dramatic cosmic events, such as an exploding supernova or a comet, would often be interpreted as a prophecy of a great historical moment or impending doom.
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FIGURE 0-1:
A spiral galaxy from a distance

(refer to page 278 for more information)
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FIGURE 0-2:
The Globular Cluster M15

(refer to page 278 for more information)

A good understanding of the nature of the stars did not come until the twentieth century. With the invention of sophisticated telescopes and ways of measuring the distances to celestial objects, astronomers realized that some objects in the sky were much farther away than others. An accurate understanding of the immense distances involved in astronomy was finally available.

Astronomers eventually came to understand that the stars in the sky are part of our own galaxy, as distinguished from nebulae, galaxies, and other objects that are far beyond the reaches of our own corner of the universe. The light from some stars in our galaxy takes many hundreds or thousands of years to reach us. Some of the other objects in the sky are, in fact, completely separate galaxies, which contain thousands or millions of stars of their own.

Astronomy is a unique science because although a true understanding requires years of study, anyone interested in looking up at the sky can enjoy its wonder. Amateur astronomy clubs exist all over the country and around the world. People can meet, help each other build or use telescopes and binoculars, and share in observing spectacular celestial objects.

Amateur astronomers, ones who do astronomy simply for the fun of it, can make significant contributions to the field. Amateurs routinely discover new comets, which can be named after them, and make important observations of celestial objects and events such as meteor showers. Astronomy is one of the few fields where amateurs are not only welcome, but also a necessary part of the larger community. The sky is an enormous place, and interested individuals from all over the world need to contribute their observations.

Some amateur astronomers have expensive and sophisticated equipment such as computer-controlled telescopes, deep-sky catalogs, and other observation and calculation devices. However, you can get involved in the excitement of astronomy simply by finding a dark place on a clear night and looking up.

Whether you already know the difference between Ursa Major and Ursa Minor, or you have trouble finding the Moon, this book is for you. You will learn how to find north without a compass, how to distinguish between different celestial bodies, and what would happen if you got pulled into a black hole. Common myths will be debunked—you will learn why the Big Dipper is not an actual constellation, and that a shooting star isn’t really a star at all.

Our picture of the universe has changed greatly due to advances in observational techniques and tools, and it is likely to change further as even more exciting advances and discoveries are made. Who knows what the future will bring—perhaps telescopes on the Moon, people on Mars, and maybe one day travel to another star! We have presented the current state of research in this book, but since astronomy is an ever-changing field, it is quite possible that some of the ideas we present here may be re-examined or even disproved in the future. That’s part of the excitement of science in general, especially in an evolving field such as astronomy.
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CHAPTER 1


Ancient Eyes, Same Sky

Our ancestors used the sky in religion, science, philosophy, and countless other aspects of their lives. Ancient Egyptians observed the heavens for religious and civic purposes; Native Americans used medicine wheels to study and interpret the skies; Chinese astronomers were some of the first to study sunspots. Astrology itself emerged as a way to use astronomy to predict certain events and life patterns.
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FIGURE 1-1:
Timeline of ancient astronomy 50,000 B.C. to 5000 B.C.

(refer to page 278 for more information)

Archeoastronomy

Archeoastronomy is, as you might expect, a blend of archeology and astronomy. It combines the study of religion, folklore, celestial myths, and all ancient astronomical rituals and ideas. Often demonstrated through ancient writings and artifacts, archeoastronomy gives us a comprehensive, multicultural view of how modern astronomy came to be.

The origins of astronomical observation and representation date back at least as far as 20,000 B.C. While most Paleolithic art focuses on the representation of earthly creatures such as animals, Neolithic rock art with astronomical themes has been uncovered in Spain, Portugal, and France. These paintings and petroglyphs (rock carvings or drawings) depict the Sun, various planets, and several identifiable constellations. Sun images are often present in depictions of religious scenes, and much more about Sun gods is seen in later drawings and writings.

Prehistoric Astronomy

Stonehenge, located in England, is one of the more physical examples of an ancient culture celebrating the heavens. It consists of thirty stones, each approximately 30 feet in diameter. The entire structure was built in either four or five stages, probably between 3100 and 2300 B.C.
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FIGURE 1-2:
Timeline of ancient astronomy 3000 B.C. to 2000 A.D.

(refer to page 278 for more information)
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FIGURE 1-3:
Stonehenge

(refer to page 278 for more information)

Stonehenge is oriented to align with the sunrise of the summer solstice; on that day, the Sun supposedly shone directly onto the Altar Stone. Stonehenge is generally considered to be a three-dimensional calendar. It is thought that Stonehenge was constructed to predict the optimum times for agricultural and religious events.

Astronomical observation was also an important part of Stone Age life in countries such as Ireland. Neolithic star stones dating back 4,000 to 5,000 years have been discovered, indicating an early awareness of celestial movements. The Solstice Stone found near Beltray marks both the summer and winter solstice; similarly, the Double Alignment stones at Barnaveddoge are aligned to both sunrise and sunset at the two solstices.
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Stonehenge is located in Salisburg Plain, Wiltshire in southern England. Plan your visit carefully; on June 21 every year, from the Altar Stone, the Sun can be seen rising directly over the top of the Great Stone.



Astronomical monuments dating from early prehistoric times to the Bronze Age are also found in Scotland. Solstices were family and village events, and there is evidence to suggest that everyone in the village helped with the building process, from the quarrying of stones to the erecting of the rock circles. Located mainly in the northeast and southwest of Scotland, the circles are thought to mark a particular horizon point for different celestial events. Chambered cairns are also located all over Scotland. Cairns consist of stones that mark hidden chambers, and are thought to have served as vantage points for observing social or spiritual rituals.

Other countries and regions also have long astronomical histories. Australian Aborigines, some of the earliest astronomers, incorporated the heavens into their religious and civil lives at least 40,000 years ago. Aborigines are sometimes called the oldest astronomers in the history of time; the very word aborigine means “people who have been here since the beginning.” Tool artifacts have been discovered from 20,000 years ago; artwork provides evidence to suggest that Aborigines used stars for the planning of rituals, hunting, food gathering, and navigation. Aborigines made accurate observations of celestial events, largely without the use of viewing instruments.
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Was there a real star of Bethlehem that the Magi followed, one that heralded the birth of Jesus?

Astronomers have suggested that the “star” could have been a supernova, a new comet, or the conjunction of two bright planets sometime between the years 8 B.C. and 4 B.C., which is when most historians think Jesus Christ was actually born.



The writings of Julius Caesar tell us that the Teutonic people, residents of Germany and Denmark, worshipped the Sun and Moon as far back as 1200 B.C. Rock carvings found in Denmark, dating to 1000 B.C., illustrate the Sun and fire as deities. A stone ring in the Danish city of Andebjerg clearly shows markings to observe sunrise at the summer and winter solstices and equinoxes.

What we can abstract from this study of prehistoric and early civilizations is that just about everyone, on every continent, figured out a way to observe the heavens and record their findings. Some countries attached extreme religious significance to the heavens, while others used the stars as a means to ensure subsistence. In all respects, we see the importance of astronomy in the religious, civil, and political lives of early peoples.

Egyptian Astronomy

Ancient Egyptians were extremely advanced in mathematics, astronomy, and physics. From 7000 to 6000 B.C., evidence of megalithic stones and stone rings suggests the beginning of early observations. A circle of standing stones located near Nabta bears a striking resemblance to Stonehenge, while predating it by over 1,000 years. The circle was likely used for the sighting and viewing of the solstices.

The Pyramid Texts, dating back to 3000 B.C., are the oldest surviving documents from the Egyptian heyday. Venus and Mars are referred to extensively, and the Pharaoh is constantly linked to the stars and planets. Star gods and goddesses played a critical role in the politics and religion of early Egyptian society. The star Sirius guided the creation of their calendar year, helping them predict when the Nile would flood and make the land fertile.

The three pyramids of Giza, arranged on a site called the Memphite Necropolis, were built between 2533 and 2505 B.C. In the Egyptian belief system, all Pharaohs were considered to be direct descendants of the Sun god Ra, so the connection to astronomy was a clear part of their everyday lives. Egyptians also believed that Egypt paralleled the cosmos, and was a direct representation of a land in the skies.
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FIGURE 1-4:
Pyramid paralleling alignment.

(refer to page 278 for more information)

The arrangement of these three pyramids has been interpreted to represent the three stars of the constellation Orion’s belt. While the positions of the stars have changed over the last 4,500 years, it is possible to make adjustments for these changes and analyze the pyramids’ positions based on what the Egyptians would have seen. Aerial views of the Memphite site reveal that the pyramids seem to correlate fairly well to the orientations of the Belt Stars.

Native American Astronomy

Astronomy was one of the basic components of Native American life. Seasons, spiritual ceremonies, time, and the calendar were defined by the stars. Three different aspects of the diverse Native North American cultures help us to understand the incorporation of celestial bodies into their lives: Chaco Canyon, medicine wheels, and information we have about the Lakota tribes. South American Native civilizations also used the stars to create detailed calendars, and for other purposes.

North American Cultures

Many different Indian tribes inhabited New Mexico’s Chaco Canyon, including Aztecs in prehistoric times, then Anasazi and Navajo hundreds of years later. The canyon served as the homeland for a large farming society that used the stars to anticipate the changing of seasons, and therefore their livelihood. Buildings were planned to correlate directly with the alignment of the heavenly bodies, especially Sun, Moon, and Earth. Chaco residents constructed kivas, partially underground chambers used for spiritual rituals, which were aligned exactly with the summer or winter solstice.

Kivas may have been used for astronomical observation. Native Americans recorded supernovas and other astronomical events, possibly from these kivas. The supernova of A.D. 1054, which formed the Crab Nebula, was the best known of these events, and a petroglyph high on the canyon wall may depict this celestial event. Other artifacts also indicate their interest in the heavens, including the Sun Dagger, a rock formation found in Chaco Canyon, which may have functioned as an early calendar.

Medicine wheels, rock arrangements closely resembling spoked wheels, are found all over Native American territory. One of the earliest known medicine wheels was found at Moose Mountain in Saskatchewan, and dates to approximately 600 B.C. Many early medicine wheels were also created by the Plains Indians in regions all over the United States and Canada. The Big Horn Medicine Wheel in Wyoming, used between A.D. 1500 and 1700, is one of the best preserved of these wheels.


[image: ]
Kivas were underground chambers constructed by several different Native American tribes. Spiritual rituals and astronomical observations—supernovas, comets, and even nebulae—might have been observed from kivas.



The Lakota Sioux Indians were particularly attuned to the movements of celestial bodies. They used the stars to guide them on hunting expeditions and to plan religious ceremonies. They used the direction and length of the Sun’s shadow to determine when equinox was approaching, and based their calendar on these events. The Black Hills, a Lakota territory in South Dakota, contained several ceremonial locations. Each depicted a different constellation, as Lakota Indians considered the sky and earth to be mirror images of each other.

South American Cultures

The Mayans, a group of Native American civilizations living in different regions of Mexico, Guatemala, Honduras, and Belize, also used astronomy. Early Mayan culture began when civilization took root in Central America, around 10,000 B.C. The Pre-Classic Mayan period (1500 B.C.–A.D. 300) represented the cultivation of language, in addition to building and record keeping. The Mayans had a Sun god, but also studied several other solar system objects, including Venus and the Moon. Mayan rituals were coordinated with the stars, and the Mayan king created associations between himself, the cosmos, and life itself. Preserved Mayan stone tablet codices, such as the Codex Cortesianus and Codex Dresdensis, had hieroglyphs that represented various celestial bodies.

Aztec civilizations also made extensive use of the heavenly bodies in their religion and culture. Between A.D. 700 and 1400, Aztecs used myths of the gods to relate directly to the Sun and planets. One of their calendars was based on the solar year, indicating keen observation and record keeping concerning the Sun’s movements. The motion of a star cluster, the Pleiades, aided the creation of the Aztec fifty-two–year cycle. The Calendar Stone, or Sunstone, is an Aztec artifact commemorating the Sun god and various Aztec periods.

Religious shrines and structures in Teotihuacan, Mexico, were laid out to align with the movement of the stars and other heavenly bodies. The main axis of the Pyramid of the Sun is said to line up directly with the setting of the Pleiades during the summer solstice.

Greek and Roman Astronomy

So much of where we are and what we know today is the result of ancient science and philosophy. Discoveries and observations recorded during the height of the Greek and Roman civilizations laid the foundation for the centuries of work that followed.

Greek Astronomy

Between approximately 700 B.C. and A.D. 300, the Greeks contributed greatly to astronomical observation. The representations of the cosmos achieved by the Greeks closely parallel the way we view the constellations today. Thales of Miletus was one of the first Greek mathematician-philosophers. As we know from the writings of Herodotus and Pliny, Thales was one of the first to accurately predict a solar eclipse through geometry and observation.

Pythagoras, most famous for the Pythagorean theorem, also made several critical discoveries in astronomy. After recognizing that Earth is round, he deduced that Venus as seen in the morning is the same star seen in the evening—an important step in understanding orbits. He was also one of the first to discover that the Moon’s orbit is inclined to correspond with the equator of Earth. Euctemon and Meton, two other philosophers working in the fifth century B.C., created the first parapegma, a stone tablet that allowed people to make connections between dates and planetary movements. The parapegma was, perhaps, a very early predecessor to the planisphere (a map of the celestial sphere with a device that demonstrates which stars and constellations are visible for a particular date and location; see Chapter 12).
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If months are based on the lunar cycle, why aren’t they the same length?

Recognizing that a strict thirty-day month got out of phase rather quickly, an Athens statesman named Solon made improvements by aligning the calendar with the phases of the Moon, alternating thirty-day and twenty-nine–day months.



Euxodus, a student of Plato, understood that Earth is but a small part of the larger cosmos. He also derived that Earth travels in an elliptical orbit around the Sun once a year, and turns about its own axis once a day. The same ideas were later developed by Aristarchus, an astronomer from Samos, who wrote and spoke extensively about the idea that all planets, Earth included, rotated around the Sun. However, this heliocentric theory was overshadowed by the more popular geocentric theories of the time, and fell into disregard until it was later discovered and proved during the Renaissance (Chapter 2).

Hipparchus, writing in the second century B.C., discovered the concept of the epicycle, the idea of bodies traveling in small circles that are part of larger circles. Epicycles were used to explain the motions of the planets as seen from Earth, and lent great support to the geocentric theory of the universe that placed Earth at the center with everything rotating around it. Aristotle was a great proponent of the geocentric theory, and his support led to its general adoption until the heliocentric, elliptical orbit theory was thoroughly understood many centuries later. Ptolemy, a Greek astronomer who resided in Egypt, consolidated and expanded upon the ideas of Hipparchus and Aristotle in his book Almagest. This work is our main reference for Greek and Roman astronomy.

Roman Astronomy

The heyday of the Roman Empire began with Caesar Augustus in 27 B.C., ending with Romulus Augustus in A.D. 476. While less is known about Romans and astronomy, we do know that they also made extensive use of astronomical observation. Denarii, Roman coins, depicted stars and planets but also recorded astronomical events such as a solar eclipse in 120 B.C. Can you imagine an eclipse on a United States coin? Probably not, which shows how important the heavens were to the Romans.


[image: ]
The stars Mizar and Alcor were used by the Romans to test for vision. They appear together as one in the constellation Ursa Major, although in reality they are located many light-years apart. Mizar and Alcor are a double star, in this case an optical binary, because they’re along the same line of sight from Earth.



Early Astronomy Elsewhere

While many people may be aware of Western civilization’s contributions to early astronomy, it’s worthwhile to note that Eastern cultures have been equally active in their observations of the stars and their significance.

Chinese Astronomy

Chinese astronomy is an ancient science and made advances much earlier than its counterpart in Western civilizations. The first solar eclipse recorded by the Chinese dates back to 2136 B.C. Early Chinese rulers generally had a court astronomer, whose job it was to record astronomical events for use in planning city functions. Artifacts show written records of comets and meteors as early as 1500 B.C.

By 300 B.C., Chinese records show a catalog identifying nearly 1,500 different stars, identified by their distance from the north celestial pole. Around this time, it is believed that the Chinese built intricate astronomical observation equipment such as the armillary, a spherical construction used to measure the longitude and latitude of planets and stars. In the second century A.D., they applied the mechanical waterwheel to the armillary to mechanize the turning of its metal arms. One of the most famous armillaries was built by a famous court astronomer named Guo Shoujing (A.D. 1231–1316).

The Chinese used other astronomical tools for observation and recording, including the quadrant (used to measure the altitude of celestial bodies), the theodolite (used to measure both altitude and azimuth) and the sextant (used to measure angular distance between planets and stars).
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What are altitude and azimuth?

Altitude is the number of degrees above the horizon an object is located. Azimuth is the direction of an object in the sky in terms of terrestrial compass directions (north, south, east, west). Together, altitude and azimuth provide coordinates for any object in the sky by combining the compass direction of the object with its height above the horizon.



By A.D. 30, they were studying the phenomenon of sunspots, which were not discovered in Western culture until much later. By around A.D. 200, Chinese astronomers were correctly predicting both solar and lunar eclipses. While much of Europe was stagnant during the Dark Ages, China made leaps and bounds in science and astronomy. A supernova explosion was witnessed and recorded in 1054. Magnetic compasses were in use by the 1100s. In 1439, Chinese ruler Zhengtong commissioned the Beijing Observatory, a large platform containing Qing Dynasty–era observing tools.

Japanese Astronomy

Stories and folklore in Japan often centered on astronomy during the Heian Era (A.D. 794–1185). A story about the stars Vega and Altair, passed down over time, led to the formation of the Tanabata Festival in Japan. Royalty were directly associated with the heavens, and it was believed that the death of a royal family member was connected to the birth of a star. The short version of this particular story is that the star Vega was actually the emperor Tentei’s daughter Orihime, and Altair was her suitor Kengyuu; although they loved each other very much, the emperor allowed them to meet but once a year, and the celebration of this day became the festival of Tanabata.

Astronomy and folklore were also intimately linked in Japanese history. Japanese culture had a particular association with Orion. Rather than linking gods or mythology with this star grouping, Japanese tradition associates Orion with culture and public values. For example, the tsuzumi, a type of Japanese drum, is often seen as formed by the stars Betelgeuse, Gamma Orion, Rigel, and Kappa Orion. The symbolic usage of this drum carried down to other religious and even sporting events, such as the ceremony held before every Sumo wrestling tournament. Other tools or implements were contained in the belt of Orion, depending on the work of the region. This sort of customized interpretation seems unique in the study of the origins of astronomy.

Arabic Astronomy

Arabic astronomers made significant contributions to our knowledge and identification of cosmic elements. Basing much of their work on Greek developments, Islamic scholars read Ptolemy extensively and continued his work during Europe’s Middle Ages. Much of the Islamic contribution to astronomy came from the strong ties it had to religion; the Islamic calendar was based exclusively on the Moon, and the holy month of Ramadan is based on the first appearance of the crescent Moon. Arabs were the first to be able to predict this sighting reliably. They used mathematics and instruments to derive precise measurements concerning the Sun, which contributed to their planning of daily prayer sessions.

Islamic observatories were built in Baghdad in the ninth century A.D. One of the largest observatories, honoring Ulugh Beg (1394–1449), was built in Samarkan in 1424. This circular building was home to a quadrant with a radius of more than 40 meters, indicating the importance of astronomy in their daily lives. Abu Abdullah Al-Battani (858–929), an Arabic astronomer and mathematician, worked extensively on calculating the Moon’s orbit and the solar year. Many stars today still have Arabic names, such as Aldebaran (Ad-Dabaran), Altair (At-Ta’ir), and Deneb (Dhanab ad-Dajajah).
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There is little in the way of biblical astronomy. Old Testament Jews made scarce mention of the planets and stars, except for Saturn and Venus. A reason for the Israelites’ apparent lack of astronomical interest might be that Judaism, as a monotheistic religion, had little interest in focusing attention on anything in the heavens other than their one God.



Indian Astronomy

Astronomy in ancient India has a rich history dating back to its first mention in the Rig Veda around 2000 B.C. The Sun, stars, and bodies such as comets were actually deified in these early writings, indicating the crucial role the heavens played in people’s religious lives. Astronomy and astrology were intermingled; the positions of the planets were a major part of both fortune-telling and religion.

One of the most famous Indian astronomers, Aryabhatta, lived and worked in the fifth century A.D. He reportedly studied astronomy at the University of Nalanda, and worked on pre-Copernican theories of heliocentric gravity. He recognized the similarity between the Sun and other stars, and the role the Sun played in gravitational force.
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Some of the most important astronomical discoveries can be made without instrumentation. Ancient astronomers had no sophisticated viewing equipment, and were able to fully develop the art of naked-eye observation.



Most of Aryabhata’s research and findings were written in the Aryabhatiya, which was translated into Latin in the thirteenth century. Many mathematical formulas were uncovered, such as equations for finding square roots and cube roots (although by that time they had been created elsewhere). Indian astronomers, working without telescopes, were able to predict eclipses with astounding precision, and they also used rough instruments to estimate the circumference of Earth.
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CHAPTER 2


Astronomy As a Science

Renaissance astronomy forever changed the way we view our place in the solar system. This period in European history (from about the fourteenth to seventeenth centuries) has it all—discovery, fantasy, jealousy, and burning at the stake. Once new concepts were accepted, though, the path was paved for the development of modern astronomy as a science.

Pre-Renaissance Theory

Until the Renaissance period, the predominant view of the universe was geocentric—everything revolved around Earth. The Catholic Church was quite pleased with this model, originally presented by Ptolemy in the first century A.D., because it posited that the Sun and planets traveled in perfectly circular orbits around Earth. Placing Earth in the center of the universe seemed a divinely correct thing, and questioning this theory was like questioning God himself, a major taboo in a world where religion and justice were often one and the same.

Epicyclic Model

The old epicyclic model (planets traveling in small circles that are part of larger circles, as mentioned in Chapter 1) used to explain a geocentric universe was horribly complex, requiring advanced diagrams and theories that were never understood by most people. Ptolemy and his followers used epicycles to explain retrograde motion. While planets rotated about small axes called epicycles in this theory, they also orbited in larger circles around Earth; the larger orbit was called the deferent. When the epicycle and deferent coincided, the planet appeared to be moving in the opposite direction in a phenomenon known as retrograde motion.

Forcing the motions of the planets into the epicyclic model was a contrivance, in part designed to assure the Catholic Church that Earth and God were the center of the universe. Luckily, this theory was challenged during the Renaissance, opening the door for true scientific enlightenment.

The Church

During the early Renaissance, Church officials expanded the role of the Church from pure religion to secular events. The Church wanted to control the exploration of science, education, and many other secular pursuits. Such interests led to increased wealth and what many perceived to be corruption in the Church. Record numbers of clergy were having illegitimate children, and general morale was quite low. One of what some consider to be the Church’s lowest moments in history was the sale of indulgences; for a price, people could buy their way out of purgatory and into heaven.

Martin Luther and his 95 Theses of 1517 presented the greatest challenge the Roman Catholic Church had ever seen in the form of the Protestant Reformation. Luther and his followers disapproved of the Church taking any interest in power and wealth. The creation of Lutheranism rocked the Church’s foundation because it was no longer the one and only focus of Christianity. John Calvin (1509–1564) followed suit in France, further challenging the relationship between religious and political leaders.


[image: ]
The relationship between the Church and science during the Renaissance was especially strained. With the Church’s political power came control of money, information, laws, and public opinion. So strong was its hold that it took over 200 years for the advances in science and astronomy, among other things, to be disseminated and accepted.



There had been attempts to reform the Church prior to the Renaissance, of course. John Wycliffe (1330–1384) attacked the wealth of the Church in his Oxford University lectures, and John Huss (1372–1415) continued Wycliffe’s ideas at the University of Prague. However, the controversies came to a head in the Renaissance, and these issues were the ones that the great astronomers of the period were up against.

The Renaissance Boom

The Renaissance brought a boom as new ideas and techniques flourished in art and architecture, as well as in astronomy. Many major religious structures and hospitals were designed and built during this period, which had a huge impact on art and architecture for future generations. Unlike astronomy, paintings and buildings stood as tangible, credible, and readily believable proof of the developments that occurred during this remarkable period.

Renaissance music also made its mark on history. Musicians used mathematical constructs to achieve certain types of chords and phrases. Intervals of thirds and multiple-line harmony were characteristic of the period. Johannes Ockeghem (1410–1497) introduced the concept of counterpoint, and the polyphony of the Italian madrigal took center stage.

The widespread interest in astronomy and science carried into music as well, particularly in the concept of music of the spheres. This idea was generated and took shape entirely during the Renaissance. Music of the spheres is the concept that the world is united by musical harmony; everything has its own music and rhythm, from people to the stars and planets. Revelations in astronomy, proven or otherwise, eventually made their way to many other areas of Renaissance life.

Copernicus

Nicolaus Copernicus (1473–1543) was one of the most significant players in Renaissance astronomy. A Polish-born physician, astronomer, philosopher, and mathematician, he studied math and optics at Cracow University. Copernicus served as a canon at the Cathedral of Frauenburg for most of his adult life, and he gained tremendous influence through his many religious and political connections. Working before telescopes were developed for astronomers’use, he performed his observations almost exclusively with the naked eye.

[image: ]

Nicolaus Copernicus

Copernicus’s greatest contribution to modern astronomy was the deduction of a heliocentric (Sun-centered) theory of the universe. He was one of the first astronomers to realize that planets orbit the Sun, not Earth. Copernicus replaced Earth with the Sun as the center of the universe, then deduced that the Moon orbited Earth. He did not require epicycles to explain retrograde motion; planets simply traveled at different rates as they orbited. While the epicyclic model was very complex, the heliocentric model of the universe was a simple and elegant diagram. Copernicus still used epicycles to explain the detailed aspects of planetary motions, partially because he incorrectly assumed all orbits to be circular instead of elliptical.

[image: ]

FIGURE 2-1:
Geocentrism and heliocentrism

(refer to page 278 for more information)

Copernicus was also one of the first astronomers to understand that Earth rotates on its own axis daily, and orbits the Sun yearly. His ideas directly refuted the geocentric (Earth-centered) view of astronomy put forth by Ptolemy in the first century A.D. Copernicus’s magnum opus of 1530, De Revolutionibus Orbium Coelestium (On the Revolutions of Celestial Orbs), was published postmortem in order to circumvent the religious fervor its publication would cause. Copernicus apparently feared not only retribution from the Church, but also mockery from other academics who dared not refute the conventional geocentric theory.


[image: ]
Copernicus made his mark in history by understanding that Earth rotates about its own axis daily, and about the Sun yearly. Heliocentrism forever changed our model of the solar system.



Known as something of a perfectionist, Copernicus never felt his work was ready for publication, and might have been surprised at the impression it made on both the Church and academics. Fortunately, a German mathematician named Rheticus took interest in Copernicus’s work in 1539, and sent it for publication after Copernicus died.

Tycho

Tycho Brahe (1546–1601) studied planetary motion precisely, and made extensive calculations concerning the positions of planets over time. His data would eventually provide much-needed support for Copernicus and the heliocentric theory of the universe.

Born into a family of nobles in Denmark, Tycho studied at various universities throughout Germany. He became interested in alchemy and astronomy, acquiring and mastering several astronomical instruments. He was a strong proponent of the use of instrumentation in obtaining astronomical data. Tycho is known as one of the best and most complete pretelescopic observers. In 1574 he discovered a new star (Stella Nova) in Cassiopeia, publishing a paper on it shortly thereafter.


[image: ]
In 1575, King Frederick II of Denmark gave Tycho the island of Hven, where he built his Uraniborg Observatory. Tycho made painstaking measurements of the Sun, Moon, Earth, and other planets and stars. The precision of his instruments allowed him to make measurements that were unprecedented in accuracy.



Tycho formulated a model of the universe that was a compromise between heliocentrism and geocentrism. In his compromise theory, Tycho believed Earth was at the center of the universe, but that all other planets orbited the Sun instead of Earth. While he was unwilling to completely disregard the classical Greek notion of Earth as the center of the universe, he favored Copernicus’s revised notion of epicycles that corresponded to the idea that other planets orbited the Sun. Tycho played a critical role in other areas of astronomy, and identified and cataloged over 1,000 stars, an unprecedented achievement.

After many years in Denmark, Tycho moved to Prague where he met a scientist named Johannes Kepler (1571–1630). As the story goes, Kepler’s work impressed Tycho sufficiently that, upon his death, Tycho left his life’s research to Kepler. Other versions suggest that Kepler obtained Tycho’s data through somewhat illicit means.

Kepler

Kepler grew up in Germany, and his areas of study included theology, astronomy, and mathematics at the University of Tuebingen. He was a firm believer in Copernican heliocentrism, and analyzed the solar system in terms of concentric spheres. While his theories were ultimately incorrect, he pushed the envelope of current thinking about astronomy and opened the door for new theories and ideas.


[image: ]
Kepler and Tycho met in 1600, one year before Tycho’s death. Kepler had been shut out of German academia in an attempt to rid the country of heretic influences. Ultimately, Tycho extended an invitation to come work with him in Prague, so Kepler studied with Tycho in his last remaining year.



Using Tycho’s detailed and accurate measurements of planetary positions, Kepler was able to use his mathematical background to model the motions of planets better than ever before. Kepler’s discoveries and assimilated information had enormous implications for physics and astronomy, and are known as Kepler’s laws of planetary motion. Kepler was one of the first astronomers to understand that planets followed elliptical, rather than circular, orbits around the Sun, and this understanding eliminated the need for unwieldy epicycles.

Kepler’s First Law

First, Kepler was able to determine that planetary orbits were elliptical in shape, with the Sun at one focus. All previous theories had put either the Sun or Earth at the center of a circular orbit.

Kepler’s Second Law

Second, Kepler determined that planets moved faster as they travel closer to the Sun, rather than traveling at a constant speed as previously assumed. The point on a planet’s orbit nearest the Sun is called perihelion, and the point at which a planet is farthest from the Sun is termed aphelion. Planets move their fastest at perihelion, and their slowest at aphelion.

Kepler’s Third Law

Third, Kepler discovered that the time a planet took to complete an orbit was related to its distance from the Sun. This logic applies to our study of planets and orbits today. Pluto, the planet farthest from the Sun, has an orbit of 248 years; Mercury, the planet closest to the Sun, has an orbit of 88 days.


Kepler’s Laws of Planetary Motion

First law: Planetary orbits are ellipses, with the Sun at one focus.

Second law: A line extended from the Sun to a planet will sweep equal areas in equal time.

Third law: The orbital period of a planet (squared) is proportional to its average distance from the Sun (cubed): [image: ]



Further Development of Kepler’s Ideas

Giordano Bruno (1548–1600) took the ideas of Copernicus and Kepler a step further. Going directly against the philosophy of Aristotle and the astronomy of Ptolemy, Bruno suggested that space might be truly infinite, and that our Earth and Sun might belong to just one of any number of such systems. The Church saw these ideas as completely heretical and blasphemous; Bruno was arrested by the ecclesiastical Inquisition, and unfortunately condemned and burned at the stake in 1600.

Galileo

Adding to Kepler’s work, major breakthroughs in Renaissance astronomy were made by Galileo Galilei (1564–1642). Born in Pisa, Galileo lived in a monastery until age fifteen. Later, he was expelled from medical school, became a mathematics tutor, and eventually a math instructor at the

OEBPS/OEBPS/images/1-1.png
FACTS





OEBPS/OEBPS/images/ESSENTIAL.png
ESSENTIALS





OEBPS/OEBPS/images/18-1.png
wfeaiec Dy Shame Trieer

(

Dﬂ/

GREAT
PYRAMID

s






OEBPS/OEBPS/images/sign.png





OEBPS/OEBPS/images/cover.jpg
The

Astronomy
Book

Discover the mysteries of the universe

Dr. Cynthia Phillips and Shana Priwer





OEBPS/OEBPS/images/30-1.png






OEBPS/OEBPS/images/ALERT.png








OEBPS/OEBPS/images/evn.png
VERYTHING





OEBPS/OEBPS/images/14-1.png
Austalan
Aborigines

Neolithic
Rock Art

g =

Rock Circle

Seotish . .. o e O

Megaliths






OEBPS/OEBPS/images/15-1.png
Pyranid Texs

Stnchenge

Gia Pyramias

Rig Vet

oo
—
M
Pp— . [rm—

et W —

Mesepoamion Zodinc

[p— -
s Aoy . -
=

samic Astonomy






OEBPS/OEBPS/images/16-1.png





OEBPS/OEBPS/images/1-4.png
“e
QUESTIONS?





OEBPS/OEBPS/images/10-1.png





OEBPS/OEBPS/images/31-1.png
2y Saha Treer

GEOCENTRIC MODEL

HELIOCENTRIC MODEL






OEBPS/OEBPS/images/4-1.png





OEBPS/OEBPS/images/1-3.png





OEBPS/OEBPS/images/11-1.png





OEBPS/OEBPS/images/34-1.png





OEBPS/OEBPS/images/1-2.png
ESSENTIALS





OEBPS/OEBPS/images/FACTS.png
FACTS





OEBPS/OEBPS/images/chapter.png





OEBPS/OEBPS/images/QUESTIONS.png
QUESTIONS"





