
Chapter 1: 

Astronomy 



Section 1: The Size and Scale of the Universe 

Earth is part of a large number of objects that orbit a star called the Sun. The 

Sun is one of hundreds of billions of stars that make up the Milky Way Galaxy. 

• What objects make up Earth’s solar system? 

• Where is Earth’s solar system in relation to the stars and galaxies that 

make up the universe? 

Record your ideas about these questions in your Geo log. Be prepared to 

discuss your responses with your small group and the class. 





• solar system: the Sun (a star) and the 

planets and other bodies that travel around 

the Sun. 

• planet: (in our solar system) a large, round 

body that orbits the Sun. 

• astronomer: a scientist who studies the 

universe. 

• astronomical unit: a unit of measurement 

equal to the average distance between the 

Sun and Earth (that is, about 149,600,000 

[1.496 × 108] km). 

Section 1: The Size and Scale of the Universe 



• star: a celestial object that gives off its own 

light and is made up of a mass of gas held 

together by its own gravity. 

• galaxy: a large grouping of stars in space.  

• light-year: a unit of measurement equal to 

the distance light travels in one year (that is, 

9.46 × 1012 km). 

• parsec: a unit of measurement used in 

astronomy to  describe large distances. One 

parsec equals 3.26 light-years. 

Section 1: The Size and Scale of the Universe 



Figure 1 This illustration shows the average distances of the 

planets in our solar system from the Sun. The relative 

distances, locations, and sizes of the planets are not to scale. 



Figure 2 This illustration shows the planets in our solar system 

and their relative sizes. The distances from the planets to the 

Sun are not to scale.. 



• gravity: the force of attraction between two 

bodies due to their masses. 

• density: a physical property of a substance 

that is expressed as the mass of a substance 

per unit volume. 

• telescope: an arrangement of lenses and/or 

mirrors that can be used to view distant objects. 

• atmosphere: the thin layer of gases that 

surround planets and stars being held by 

gravity. 

• universe: all of space and everything in it. 
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Figure 3 A (left): The M81 

spiral galaxy is 11.6 million 

light-years away. 

Figure 3 B (right): The 

Centaurus A elliptical galaxy 

is 11 million light-years away. 

Figure 3 C (left): The I Zwicky 

18 irregular galaxy is 45 million 

light-years away. 



Figure 4 The Milky Way Galaxy. Our solar system is located in 

a spiral band about two thirds of the way from the nucleus of 

the galaxy. 



Figure 5 Astronomers use parallax by observing the same star 

when Earth is at two different points during its orbit of the Sun. 

• parallax: an apparent shift in the position of an 

object when viewed from different positions. 



Section 2: Locating Astronomical Objects in the Night Sky 

When you try to find your way to a new address, what tools or 

methods do you use? Do you find some ways of locating new 

places more useful to you than others? How do you think it would 

be different to find your way to a new place in space? 

• How do astronomers locate objects in the sky? 



Figure 1 An ancient star chart showing animals and objects 

that represent the constellations. 

• constellation: a grouping of stars in the night sky that 

forms a recognizable pattern. 



• celestial coordinate system: a coordinate system 

for mapping positions on the celestial sphere. 

• celestial equator: an imaginary circle created by 

extending Earth’s equator into space; the main 

reference line in the celestial sphere. 

• declination (dec): a coordinate used on the celestial 

sphere, just as latitude is used on Earth. 

• right ascension (R.A.): a coordinate used on the 

celestial sphere, just as longitude is used on Earth. 

• vernal equinox: the position of the Sun as it crosses 

the celestial equator into the Northern Hemisphere 

each spring. 
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Figure 2 View of the celestial sphere looking toward the north 

celestial pole. 

• celestial sphere: an imaginary sphere of infinite radius 

that projects around Earth, and whose interior is inscribed 

with a grid system for taking celestial coordinates. 



Figure 3 Locations on Earth’s surface can be precisely located 

using longitude and latitude. 

• longitude: an east-west measurement of position on Earth 

• latitude: a north-south measurement of position on Earth. 



Figure 4 The trail of the rising Moon over Seattle. 



Figure 5 Polaris is the Pole Star seen at the center of the 

concentric rings in this photograph. The rings are the apparent 

paths of stars produced by Earth’s rotation about its axis. 

celestial pole: the point about which the sky seems to 

rotate. 



Section 3: Origin of the Universe and the Solar System 



Section 3: Origin of the Universe and the Solar System 

When you think you are standing still on Earth, you are 

actually moving rapidly through space. Earth rotates 

once about its axis every 24 hours and revolves around 

the Sun once every 365 days. You are gaining a lot of 

mileage without taking a step. When you look up at the 

stars in the sky, they also seem to be still, although they 

are moving through space at incredible speeds. 

• How do astronomers measure how stars and 

galaxies move? 

• What do these movements tell astronomers about 

how the universe formed? 

• How did the solar system form? 

• What is the probability that there are planetary 

systems beyond our own? How do you know? 



• big bang theory: a theory to try to explain the origin 

of the universe, which proposes that the universe has 

expanded from a condition that existed at “time zero.” 

• cosmologist: a scientist who studies the origin and 

dynamics of the universe. 

• matter: a solid, liquid, or gas that possesses inertia 

and is capable of occupying space. 

• wavelength: the horizontal distance between two 

successive crests of a wave. 

• Doppler effect: the apparent change of wavelength 

occurring when an object is moving toward or away 

from an observer. 

Section 3: Origin of the Universe and the Solar System 



Figure 1 When a police car is coming toward you, the pitch of 

the siren is increased. When it is moving away from you, the 

pitch is decreased. 



Figure 2 The wavelengths of light from a receding star or 

galaxy are stretched toward the red end of the light spectrum, 

while wavelengths of light from an approaching star or galaxy 

are shortened toward the blue end of the light spectrum. 



• radiation: emission of energy in the form of rays or 

waves. 

• cosmic background radiation: a form of 

electromagnetic radiation that fills the universe. 

• steady-state theory: a theory that proposes that 

matter in the universe is continuously being created 

at a rate that allows the density of the universe to 

remain constant as it expands. 

• mass: the amount of matter an object contains. 

• nebula: general term used for any “fuzzy” patch in 

the sky, either light or dark; a cloud of interstellar gas 

and dust. 
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Figure 3 This image of the universe shows remnant heat left 

over from the big bang. Temperature fluctuations displayed are 

13.7 billion years old, from the time when the big bang was 

thought to have occurred. Red is hot and blue is cold. 



Figure 4 How the rate of expansion of the universe has 

changed over time. 



Figure 5 Orion is a prominent constellation in the night sky. 



Figure 6 The Keyhole Nebula. (Imaged by the Hubble Space 

Telescope.) 



• planetesimal: one of the small bodies (usually 

micrometers to kilometers in diameter) that formed 

from the solar nebula and eventually grew into 

protoplanets. 

• protoplanetary body: a relatively large clump of 

material, formed in the early stages of solar-system 

formation, which was the seed of the planets you see 

today. 

• nuclear fusion: a nuclear process that releases 

energy when lightweight nuclei combine to form 

heavier nuclei. 

Section 3: Origin of the Universe and the Solar System 



Figure 7 Composite image of the planets in the solar system. 



• terrestrial planet: any of the planets Mercury, Venus, 

Earth, or Mars, or a planet similar in size, composition, 

and density to Earth. A planet that consists mainly of 

rocky material. 

• gas-giant planets: the outer solar system planets: 

Jupiter, Saturn, Uranus, and Neptune, composed mostly 

of hydrogen, helium, and methane. 

• comet: a chunk of frozen gases, ice, and rocky debris 

that orbits the Sun. 

• asteroid: a small planetary body in orbit around the Sun, 

larger than a meteoroid but smaller than a planet. 

• extrasolar planet: a planet beyond our solar system, 

orbiting a star other than our Sun. 
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Figure 8 Two diagrams are required to show the orbits of the 

planets to scale. 



Figure 9 All of the known extrasolar planets are within the Milky 

Way Galaxy. 



Figure 10 Disk-shaped clouds around Vega. 



Section 4: Orbits and Effects 

• What is the shape of Earth’s orbit of the Sun? 

• How might a change in the shape of Earth’s orbit or its axis 

of rotation affect weather and climate? 



Ellipse with foci A and B showing major axis length, 

L, and distance between the foci, d. 

• Kepler’s first law: the orbit of each planet around 

the Sun is an ellipse with the Sun at one focus. 



• Kepler’s third law: the time a planet takes to 

complete one orbit is related to its average 

distance from the Sun. 



• motion: the state in which one object’s distance 

relative from another object is changing. 

• speed: the distance an object travels in one unit 

of time. 

• velocity: the speed of an object in a given 

direction. 

• orbital velocity: the velocity at which a body 

revolves about another body. 

• acceleration: the rate at which velocity changes. 

• coma: a spherical cloud of material surrounding 

the head of a comet. 

Section 4: Orbits and Effects 



Figure 1 Kepler’s second law states that a line joining a planet 

and the Sun sweeps out equal areas in equal intervals of time. 



Figure 2 The comet’s head, or coma, is the fuzzy haze that 

surrounds the comet’s true nucleus. 



• eccentricity: the ratio of the distance between 

the foci and the length of the major axis of an 

ellipse. 

• axial tilt (obliquity): the angle between an 

object’s axis of rotation, and a line 

perpendicular to its orbital plane. 

• axial precession: the slow clockwise rotation 

of the axis of Earth around a cone, one cycle in 

about 26,000 years, due to gravitational tugs 

by the Sun, Moon, and major planets. 

Section 4: Orbits and Effects 



Figure 3 The tilt of Earth’s axis and its orbital path about the 

Sun go through several cycles of change. 



Figure 4 The orbit of the Earth-approaching asteroid 1996 JA1, 

in relation to Earth. 

• orbital plane: (also 

called the ecliptic or 

plane of the ecliptic) a 

plane formed by the 

path of Earth around 

the Sun. 

• inclination: the angle 

between the orbital 

plane of the solar 

system and the actual 

orbit of an object 

around the Sun. 



Section 5: The Sun-Earth-Moon System 

• What do you think happened to make the Moon look the 

way it does? 

• What is the origin of the Moon? 

• In what ways does the Moon affect Earth? 









Figure 1 The relative positions of the Moon, the Sun, and Earth 

determine the lunar phases. 



Figure 2 The combination of a planet’s inertia and the Sun’s 

gravitational pull result in the orbital path. 

• law of gravitation: a mass exerts a force of attraction 

on every other mass, and the strength of that force is 

proportional to the masses and inversely proportional 

to the distance between them. 



• Newton’s first law of motion: an object at rest will 

remain at rest, and an object in motion will remain in 

motion at a constant velocity unless or until outside 

forces act upon it. 

• inertia: the tendency of a moving body to move in a 

straight line at a constant speed until an outside force 

acts on it, or the tendency of an object to remain at 

rest until an outside force acts on it. 

• accretion: the process whereby dust and gas 

accumulates into larger bodies, such as stars and 

planets. 

• differentiation: the process by which planets form 

concentric layers of different physical properties. 

Section 5: The Sun-Earth-Moon System 



Figure 3 The Moon is the only natural satellite of Earth. 



Figure 4 Impact craters on the Moon. 



• tide: a major movement of the oceans that 

results from the gravitational attraction of the 

Moon. 

• spring tide: the tide of increased range 

occurring semimonthly near the times of a full 

Moon and a new Moon. 

• neap tide: the tide of decreased range 

occurring semimonthly near the times of the 

first and last quarter of the Moon. 

Section 5: The Sun-Earth-Moon System 



Figure 5 Schematic diagram of tides. Diagram A illustrates how 

the ocean surface would behave without the Moon and the 

Sun (no tides). Diagram B illustrates that in the presence of the 

Moon and the Sun, shorelines away from the poles experience 

two high tides and two low tides per day. 



Figure 6 Schematic diagrams illustrating spring and neap tides. 



The Bay of Fundy in Nova Scotia has the largest tidal range on 

Earth. 



• eclipse: an astronomical event that occurs 

when one celestial object moves into the 

shadow of another. 

• lunar eclipse: an event that occurs when 

Earth is directly between the Sun and the 

Moon, blocking sunlight to the Moon. 

• solar eclipse: an event that occurs when the 

Moon is directly between the Sun and Earth, 

blocking sunlight to Earth. 

Section 5: The Sun-Earth-Moon System 



Figure 7 Schematic drawing illustrating a solar and lunar 

eclipse. 



Section 6: Impact Events and the Earth System 



Meteor Crater in Arizona is one of the best-preserved meteor 

craters on Earth. It is over 1 km across and about 4 km in 

circumference. Twenty football games could be played at the 

same time on its floor, with more than 2 million spectators 

watching from its sloping sides. 

• How large (in diameter) do you think the meteor was that 

formed Meteor Crater? 

• How would the impact of the meteor have affected the 

biosphere near the crater? 





SI System 

You will be using the international system of units. The units are 

known as SI units, abbreviated from Le Système International 

d’Unités. This is the system of units that is used by scientists. 

The system is based on the metric system.  All units are related 

by some multiple of ten. There are seven base units that can be 

combined to measure all scientific properties. Here are some of 

the common ones. 



Figure 1 Image of the asteroid Ida, which is 58 km long and 

23 km wide. The small object on the right, Dactyl, is Ida’s moon. 

This was the first moon of an asteroid ever found. 





Figure 2 Halley’s comet last appeared in the night sky in 1986. 





• asteroid belt: rocky remnants of the early solar 

system found mostly between the orbits of Mars 

and Jupiter. 

• solar wind: a flow of hot, charged particles 

leaving the Sun. 

• Kuiper belt: a disk-shaped region beyond 

Neptune that contains remnants of the early solar 

system, mostly as comets but also as asteroid-

type bodies. 

• Oort cloud: a sphere-shaped region beyond 

Neptune that contains remnants of the early solar 

system, mostly as comets. 

Section 6: Impact Events and the Earth System 



Figure 3 The relative sizes of the Oort cloud and the Kuiper 

belt. 



• meteoroid: a small rock in space.  

• meteor: the bright trail of light seen when a 

meteoroid enters the atmosphere (commonly 

known as a shooting star). 

• meteorite: a part of a meteoroid that survives 

through Earth’s atmosphere. 

• chondrite: material that was never part of a 

larger body such as a moon, a planet, or an 

asteroid, but instead is probably original solar-

system material. 

Section 6: Impact Events and the Earth System 



Figure 4 Lunar meteorite. 



Section 7: The Electromagnetic Spectrum 

• What does a prism reveal about visible light? 

• The Sun produces light energy that allows you to see. What other kinds of 

energy come from the Sun? Can you see them? Explain your answer. 







• spectrometer: an instrument consisting of, at a 

minimum, a slit and grating (or prism) that produces a 

spectrum for visual observation. 

• electromagnetic spectrum: the range of frequencies 

of electromagnetic radiation. 

• spectroscopy: the science that studies the way light 

interacts with matter. 

• Electromagnetic radiation: the energy transmitted 

through space by electric and magnetic fields that are 

regularly moving back and forth. It travels at 3 × 108 

m/s in a vacuum and includes (in order of increasing 

energy) radio, infrared, visible light (optical), 

ultraviolet, X-rays, and gamma rays. 

Section 7: The Electromagnetic Spectrum 



• visible spectrum: part of the electromagnetic 

spectrum that is detectable by human eyes. The 

wavelengths range from 400 to 700 nanometers 

(nm). 

• ultraviolet radiation: electromagnetic radiation at 

wavelengths shorter than the violet end of visible 

light, with wavelengths ranging from 5 to 400 nm. 

• infrared radiation: electromagnetic radiation with 

wavelengths between about 0.7 to 1000 μm. Infrared 

waves are not visible to the human eye. 

Section 7: The Electromagnetic Spectrum 



Figure 1 The electromagnetic spectrum. Wavelengths decrease 

from left to right, and energy increases from left to right. The 

diagram shows that a relationship exists between the 

temperature of an object and the peak wavelength of 

electromagnetic radiation it emits. 



• radio telescope: an instrument used to observe 

longer wavelengths of radiation (radio waves), with 

large dishes to collect and concentrate the radiation 

onto antennae. 

• X-ray telescope: an instrument used to detect stellar 

and interstellar X-ray emissions. Because Earth’s 

atmosphere absorbs X-rays, these telescopes are 

placed high above Earth’s surface. 

• black body: a theoretical object which is both a 

perfect absorber and emitter of radiation. 

• peak wavelength: the wavelength of electromagnetic 

radiation with the most electromagnetic energy 

emitted by any object. 

Section 7: The Electromagnetic Spectrum 



Figure 2 The galaxy M81 (as seen through radio telescope). 



Figure 3 Astronauts working on the Hubble Space Telescope 

high above Earth’s atmosphere. 



• absolute zero: a theoretical temperature of 0 K (zero 

kelvin) at which there is no apparent molecular 

motion. 

• spectrum: a chart of the entire range of wavelengths 

of light from an object. 

• emission spectrum: a spectrum containing bright 

lines or a set of discrete wavelengths produced by an 

element. Each element has its own unique emission 

spectrum.  

• absorption spectrum: a continuous spectrum 

interrupted by absorption lines. 

Section 7: The Electromagnetic Spectrum 



Figure 4 This spectrum reveals the different colors of light that are coming 

from a star. The data encoded here tells astronomers that less light is 

coming from the star at certain colors than at other colors. This is because 

the star contains more of certain types of elements than others. 

Figure 5 The spectrum of a star can also be represented as a graph with 

horizontal and vertical axes. This graph represents the colors of the 

spectrum shown in Figure 4. Low-intensity wavelengths correspond to dark 

lines in Figure 4. 



Figure 6 Absorption and emission spectra for hydrogen. 



Section 8: The Sun and its Effects 

• In what other ways does solar radiation benefit life on the planet? 

• In what other ways can solar radiation be harmful or disruptive? 







Figure 1 The layered structure of the Sun. 



• photosphere: the visible surface of the Sun, lying 

just above the uppermost layer of the Sun’s interior, 

and just below the chromosphere. 

• chromosphere: a layer in the Sun’s atmosphere, the 

transition between the outermost layer of the Sun’s 

atmosphere, or corona. 

• corona: the outermost atmosphere of a star 

(including the Sun), millions of kilometers in size. 

• albedo: the reflective property of a nonluminous 

object. A perfect mirror would have an albedo of 100 

percent while a black hole would have an albedo of 0 

percent. 

Section 8: The Sun and its Effects 



Figure 2 Diagram of Earth’s solar energy budget. 



Figure 3 Dust and smoke in the atmosphere can sometimes 

scatter light to produce a sunset with a strong red-orange 

afterglow. 



Figure 4 Depletion in the ozone layer over Antarctica. Rather 

than actually being a hole, the “ozone hole” is a large area of 

the stratosphere with extremely low concentrations of ozone. 



• ozone: a molecule made up of three oxygen atoms. 

• proton: a subatomic particle with a positive charge, 

which is found in the nucleus of an atom. 

• electron: a subatomic particle with a negative 

charge, which orbits around the nucleus of an atom. 

• plasma: a state of matter in which all atoms are 

ionized; a mixture of free electrons and free atomic 

nuclei. 

Section 8: The Sun and its Effects 



• ionosphere: the part of Earth’s atmosphere above 

about 50 km, where the atoms are ionized and affect 

the transmission of radio waves. 

• ion: an atom with one or more electrons removed or 

added, giving it a positive or negative charge. 

• aurora: the bright emission of atoms and molecules 

near Earth’s poles caused by charged particles 

entering the upper atmosphere. 

Section 8: The Sun and its Effects 



Figure 5 The jagged line represents the actual number of 

sunspots; the smooth, dark line is the predicted number of 

sunspots. 



Figure 6 A solar flare jets out from the surface of the Sun. 



Figure 7 The aurora borealis, or northern lights, light up the sky 

in the Northern Hemisphere. 



Section 9: The Lives of Stars 

• As you stargaze, what do you notice about the stars? 

• Do some stars appear brighter than others? Do some appear larger or 

smaller? What colors are the stars? 



Hertzsprung-Russell (HR) diagram (left) that shows the locations of 

main-sequence stars, supergiants, giants, and white dwarfs. 



Figure 1 This NASA Hubble Space Telescope near-infrared image of 

newborn binary stars reveals a long, thin nebula pointing toward faint 

companion object, which could be the first extrasolar planet to be imaged 

directly. 



• luminosity: the total amount of energy radiated by an 

object every second. 

• molecular cloud: a large, cold cloud made up mostly 

of molecular hydrogen and helium, but with some 

other gases, such as carbon monoxide. It is in these 

clouds that new stars are born. 

• main-sequence star: star formed when the 

temperature in the center of a cloud reaches 15 

million K, starting up the stellar fusion. 

Section 9: The Lives of Stars 



Figure 2 Scaling stars to 10,000 miles to 1 ft reveals the widely 

varying sizes of stars. The relative sizes of the stars are not to scale. 



Figure 3 The starforming 

region NGC 604 in Galaxy 

M33. 

Figure 4 The Orion Nebula is 

an example of a molecular 

cloud, from which new stars 

are born. 



• supernova: the explosion of a massive star whose 

core has completely burned out. 

• neutron star: the imploded core of a massive star 

produced by a supernova explosion. 

• stellar black hole: the leftover core of a massive 

single star after a supernova. Black holes exert such 

large gravitational pull that not even light can escape. 

Section 9: The Lives of Stars 



Figure 5 Three examples of the deaths of stars about the size 

of the Sun (Left to Right). A: The Butterfly Nebula. B: The 

Cat’s-Eye Nebula. In both cases, the dying star lies embedded 

in a cloud of material exhaled by the star as it grew older. C: 

The Dumbbell Nebula. European Southern Observatory. 



Figure 6 The Crab Nebula is the remnant of a supernova 

explosion, first observed in the year 1054. 



Figure 7 This image, taken by NASA’s Hubble Space 

Telescope, shows the remnants of a supernova blast 160,000 

light-years from Earth. 



Colliding spiral galaxies of NGC 5679. 


