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Chapter 1  Astronomy

Formation of the Universe

Astronomers use special units of measurement for the distances in space: astronomical units, light-
years, and parsecs. Parallax can be used to measure the distance to a star. 

The solar system is made up of the Sun, eight planets, including Earth, and many smaller objects. 
The Sun contains over 99 percent of all of the mass of the solar system. The inner planets of the solar 
system include Mercury, Venus, Earth, and Mars. The outer planets are Jupiter, Saturn, Uranus, and 
Neptune. Planets orbiting stars other than the Sun are called extrasolar planets. There are hundreds 
of these and more are discovered each month.

A galaxy is a large grouping of stars in space, held together by the attraction of gravity. Large galaxies 
contain more than a trillion stars, while some of the smaller ones have only a few million. Galaxies are 
classified according to their shape: elliptical, spiral, or irregular. Earth is in the Milky Way Galaxy.

A constellation is a grouping of stars in the night sky into a recognizable pattern. There are 88 
official constellations. To precisely describe the location of an object in the sky, astronomers use a 
reference system known as the celestial coordinate system. 

The universe formed somewhere between 12 and 14 billion years ago in an event called the big bang. 
The expansion and cooling that started with the big bang continues to this day. 

The birthplace of our solar system was a nebula, a cloud of interstellar gas and dust, probably cast off 
from other stars that used to live in our region of the Milky Way Galaxy. 

Earth’s Rotation and Orbit

Johannes Kepler developed three laws of planetary motion that govern orbits. Eccentricity is the ratio 
of the distance between the foci and the length of the major axis of an ellipse. The more flattened 
an ellipse is, the greater its eccentricity. The greater the angle of tilt of Earth’s axis of rotation, the 
greater the difference in solar energy, and therefore temperature, between summer and winter. 

Scientists theorize that an object the size of Mars collided with and probably shattered the early 
Earth. The remnants of this collision eventually became the Moon. The Moon’s apparent shape and 
position changes in the sky because the Moon’s position changes with respect to Earth and the Sun. 

Isaac Newton developed the law of gravitation: Every mass exerts a force of attraction on every 
other mass. The strength of that force is proportional to the masses and inversely proportional to the 
distance between them. 

The gravitational pull between Earth and the Moon stretches the solid Earth and the water in the 
oceans along the imaginary Earth-Moon line. The stretching effect in the oceans is greater than in the 
solid Earth, because water flows more easily than the rock in Earth’s interior.  

In 24 hours, shorelines have two high tides: one when the tidal bulge that points toward the Moon 
passes by, and one when the tidal bulge that points away from the Moon passes by. 

The gravitational pull of the Sun affects tides. Over a long period of time, the tidal bulge slows down 
the rotation of Earth, and causes the Moon to move away from Earth. 

You Learned
Earth/Space ScienceEarth/Space Science

Why is there an Earth/Space Science You Learned?
The following is a summary of the principles you learned as you completed each section in 
this chapter. You should review the key ideas you have learned and think about how you 
can use them to complete your Chapter Challenge. The Earth/Space Science You Learned 
can be used as a checklist to see that you fully understood all of the concepts presented 
and if you should return to certain sections to refresh your memory of those concepts.
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Asteroids and Comets

Asteroids are dark, rocky bodies smaller than planets that orbit the Sun at different distances. Although 
some asteroids can be found in the inner solar system, many are found between the orbits of Mars and 
Jupiter, making up what is called the asteroid belt. Some asteroids have orbits that cross Earth’s orbit. 
Perhaps a few dozen of these are larger than 1 km in diameter.  

The energy of an asteroid impact event increases with the cube of the radius. Astronomers think that 
asteroids at least 1 km in diameter hit Earth every few hundred million years.

Comets are masses of frozen gases (ice) and rocky dust particles that exist mainly in the outer solar 
system. Some comets come into the inner solar system while others have orbits that bring them close 
to the Sun at regular intervals. 

The nucleus of a comet is usually a few kilometers in diameter, but looks much larger as it gets closer 
to the Sun because the Sun’s heat vaporizes the ice, forming a cloud (coma). It is thought that the ice 
from comet impacts melted to help form Earth’s oceans. 

Meteoroids are tiny particles in space, such as leftover dust from a comet’s tail or fragments of 
asteroids. They are called meteors in Earth’s atmosphere, and meteorites on Earth’s surface. 

Electromagnetic Radiation and Stars

Electromagnetic radiation is in the form of electromagnetic waves that transfer energy as they travel 
through space at the speed of light. Electromagnetic radiation has properties of both particles and 
waves. The electromagnetic spectrum is divided into regions according to its various wavelengths. The 
wavelength of radiation with the most energy produced by any object is called its peak wavelength. 

The Sun has a layered structure: core (where nuclear fusion occurs), radiative layer, convection 
zone, photosphere, chromosphere, and corona. Earth’s atmosphere shields Earth from some of the 
most dangerous forms of electromagnetic radiation. The Sun is Earth’s main external energy source, 
heating the atmosphere by warming Earth’s surface. 

Earth gains energy from the Sun and loses energy to space, but the amount of energy entering 
the Earth system is equal to the amount of energy flowing out, on a long-term average. Most of 
Earth’s systems depend on the input of energy from the Sun. 

Sunspots are small, dark areas on the Sun’s visible surface, lasting from a few hours to a few months. 
The number of sunspots varies from year to year and tends to peak in 11-year cycles, along with the 
number of very strong solar flares. Some scientists theorize that sunspot cycles affect weather on 
Earth. During a solar flare, enormous quantities of ultraviolet, X-ray, and radio waves blast out from 
the Sun. The flow of charged particles from the Sun is called the solar wind. It flows out from the 
solar corona in all directions. 

Scientists learn about distant celestial objects using a variety of instruments to collect radiation from 
the objects. These include visible light telescopes, radio telescopes, and X-ray telescopes.

Star colors reflect temperature. Reddish stars are a “cool” 3000 to 4000 K. Bluish stars are hot (over 
20,000 K). Astronomers use a magnitude scale to describe the brightness of objects they see in the 
sky. A star’s brightness decreases with the square of the distance. Stellar classifications depend on the 
color and temperature of the stars. There are seven main categories of stars. The Hertzsprung-Russell 
(HR) diagram shows that stars fall into classes of luminosity. 

The life cycle of a star begins with its formation in a cloud of gas and dust called a molecular cloud. 
How long a star lives depends on its mass. Stars about the size of the Sun and smaller end their days 
as tiny, shrunken remnants of their former selves, surrounded by shells of gas and dust. The end of a 
supergiant star’s life is a cataclysmic explosion called a supernova. 
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