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FIGURE 2.1

Night Sky. In this panoramic photograph of the night sky from the Atacama Desert in Chile,
we can see the central portion of the Milky Way Galaxy arcing upward in the center of the
frame. On the left, the Large Magellanic Cloud and the Small Magellanic Cloud (smaller
galaxies that orbit the Milky Way Galaxy) are easily visible from the Southern Hemisphere.
(credit: modification of work by ESO/Y. Beletsky)

FIGURE 2.2

The Sky around Us. The horizon is where the sky meets the ground; an observer’s
zenith is the point directly overhead.

FIGURE 2.3

Circles on the Celestial Sphere. Here we show the (imaginary) celestial sphere around Earth, on
which objects are fixed, and which rotates around Earth on an axis. In reality, it is Earth that turns
around this axis, creating the illusion that the sky revolves around us. Note that Earth in this picture
has been tilted so that your location is at the top and the North Pole is where the N is. The apparent
motion of celestial objects in the sky around the pole is shown by the circular arrow.

FIGURE 2.4

Circling the South Celestial Pole. This long-exposure photo shows trails left by stars
as a result of the apparent rotation of the celestial sphere around the south celestial
pole. (In reality, it is Earth that rotates.) (Credit: ESO/Iztok Bončina)

FIGURE 2.5

Star Circles at Different Latitudes. The turning of the sky looks different depending on your latitude on Earth.
(a) At the North Pole, the stars circle the zenith and do not rise and set.
(b) At the equator, the celestial poles are on the horizon, and the stars rise straight up and set straight down.
(c) At intermediate latitudes, the north celestial pole is at some position between overhead and the horizon. Its angle above the
horizon turns out to be equal to the observer’s latitude. Stars rise and set at an angle to the horizon.

FIGURE 2.6

Constellations on the Ecliptic. As Earth revolves around the Sun, we sit on “platform Earth” and see the Sun
moving around the sky. The circle in the sky that the Sun appears to make around us in the course of a year is called
the ecliptic. This circle (like all circles in the sky) goes through a set of constellations. The ancients thought these
constellations, which the Sun (and the Moon and planets) visited, must be special and incorporated them into their
system of astrology. Note that at any given time of the year, some of the constellations crossed by the ecliptic are
visible in the night sky; others are in the day sky and are thus hidden by the brilliance of the Sun.

FIGURE 2.7

The Celestial Tilt. The celestial equator is tilted by 23.5° to the ecliptic. As a result,
North Americans and Europeans see the Sun north of the celestial equator and high in
our sky in June, and south of the celestial equator and low in the sky in December.

FIGURE 2.8

Orion.
(a) The winter constellation of Orion, the hunter, is surrounded by neighboring constellations, as illustrated in the seventeenthcentury atlas by Hevelius.
(b) A photograph shows the Orion region in the sky. Note the three blue stars that make up the belt of the hunter. The bright red
star above the belt denotes his armpit and is called Betelgeuse (pronounced “Beetel-juice”). The bright blue star below the belt
is his foot and is called Rigel. (credit a: modification of work by Johannes Hevelius; b: modification of work by Matthew Spinelli)

FIGURE 2.9

Earth’s Round Shadow. A lunar eclipse occurs when the Moon moves into and out of
Earth’s shadow. Note the curved shape of the shadow—evidence for a spherical Earth
that has been recognized since antiquity. (credit: modification of work by Brian
Paczkowski)

FIGURE 2.10

Light Rays from Space. The more distant an object, the more nearly parallel the rays
of light coming from it.

FIGURE 2.11
How Eratosthenes Measured the Size
of Earth. Eratosthenes measured the
size of Earth by observing the angle at
which the Sun’s rays hit our planet’s
surface. The Sun’s rays come in parallel,
but because Earth’s surface curves, a
ray at Syene comes straight down
whereas a ray at Alexandria makes an
angle of 7° with the vertical. That means,
in effect, that at Alexandria, Earth’s
surface has curved away from Syene by
7° of 360°, or 1/50 of a full circle. Thus,
the distance between the two cities must
be 1/50 the circumference of Earth.
(credit: modification of work by NOAA
Ocean Service Education)

FIGURE 2.12

Precession. Just as the axis of a rapidly spinning top wobbles slowly in a circle, so the
axis of Earth wobbles in a 26,000-year cycle. Today the north celestial pole is near the
star Polaris, but about 5000 years ago it was close to a star called Thuban, and in
14,000 years it will be closest to the star Vega.

FIGURE 2.13

Retrograde Motion of a Planet beyond Earth’s Orbit. The letters on the diagram
show where Earth and Mars are at different times. By following the lines from each
Earth position through each corresponding Mars position, you can see how the
retrograde path of Mars looks against the background stars.

FIGURE 2.14

Ptolemy’s Complicated Cosmological System. Each planet orbits around a small circle
called an epicycle. Each epicycle orbits on a larger circle called the deferent. This system is
not centered exactly on Earth but on an offset point called the equant. The Greeks needed all
this complexity to explain the actual motions in the sky because they believed that Earth was
stationary and that all sky motions had to be circular.

FIGURE 2.15

Zodiac Signs. The signs of the zodiac are shown in a medieval woodcut.

FIGURE 2.16
Nicolaus Copernicus (1473–1543).
Copernicus was a cleric and scientist
who played a leading role in the
emergence of modern science. Although
he could not prove that Earth revolves
about the Sun, he presented such
compelling arguments for this idea that
he turned the tide of cosmological
thought and laid the foundations upon
which Galileo and Kepler so effectively
built in the following century.

FIGURE 2.17

Copernicus’ System. Copernicus developed a heliocentric plan of the solar system.
This system was published in the first edition of De Revolutionibus Orbium Coelestium.
Notice the word Sol for “Sun” in the middle. (credit: Nicolai Copernici)

FIGURE 2.18

Phases of Venus. As Venus moves around the Sun, we see changing illumination of
its surface, just as we see the face of the Moon illuminated differently in the course of a
month.

FIGURE 2.19
Galileo Galilei (1564–1642). Galileo
advocated that we perform experiments
or make observations to ask nature its
ways. When Galileo turned the telescope
to the sky, he found things were not the
way philosophers had supposed.

FIGURE 2.20

Telescope Used by Galileo. The telescope has a wooden tube covered with paper
and a lens 26 millimeters across.
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