
The term "astronomy" is derived from the Greek words astron, meaning "star," arìd

nomos, meaning "law." This reflects the discovery by ancient Greek astronomers that
the motions of stars in the sky are not arbitrary but follow fixed laws. In modern times,
astronomy is usually defined as the study of objects beyond the Earth's atmosphere,

including not only stars but also celestial objects as small as interstellar dust grains and as

large as superclusters of galaxies. The f,eld of cosmology, which deals with the structure
and evolution of the universe as a whole, is also regarded as part of astronomy.

In the late nineteenth century, the term 6úastrophysics" was invented, to describe
specif,cally the field that studies how the properties of celestial objects are related to
the underlying laws of physics. Thus, astrophysics could be regarded as both a subfield
of physics and as a subfield of astronomy. However, because a knowledge of physics is

crucial for any type of astronomical study, the terms "astronomy" and "astrophysics" are

often used nearly interchangeably.
It is customary to start learning astronomy from a historical perspective. This is a

natural way to learn about the universe; it permits our personal growth in knowledge
to echo humanity's growth in knowledge, starting with relatively nearby and familiar
objects, and then moving outward. Furthermore, as we will see, some of the most
fundamental things we learn about the universe are based on simple, straightforward
observations that don't require telescopes or space probes. Let us begin, therefore, by
throwing away our telescopes and considering what we can see of the universe with our
unaided eyes.

1.1 r THE CEIESTIAI SPHERE

When you look up at a cloudless night sþ, you have little sense of depth. In Color
Figure 1, for instance, it is not immediately obvious that the fuzzy streak in the upper
part of the picture is a comet a few lighrminutes away and that the fuzzy blob in the
lower part is a galaxy two million light-years away. You can pick up a few clues about
depth with your naked eyes (for instance, the Moon passes in front of stars, so it must
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FIGURE 1.1 The celestial sphere surrounding the Earth. The Earth's north pole,

south pole, and equator project onto the north celestial pole (NCP), south celestial

pole lscl;, and celestial equator (cEq), respectively. For any observer, the horizon

ptane is tangent to the observer's location, and the zenith (Z) is directly overhead'

be closer to us than the stars are) but for the most part, determining distances to celestial

objects requires sophisticated indirect methods. 1

Although it is difficult to determine the distance to celestial objects, it is much easier

to determine their position projected onto the celestial sphere. The celestial sphere is

an imaginary spherical surface, centered on the Earth's center, with a radius immensely

larger than the Earth's radius. (In Figure 1.1, the spherical Earth is exaggerated in size

relative to the outer celestial sphere, for easy visibility.) Given the Earth's inconvenient

opacity, an observer on the Earth's surface can See the sþ only above the horizon,

defined as a plane tangent to the idealized,, perfectly spherical Earth at the observer's

location (that is, it touches the Earth at the observer's feet and at no other place). The

horizon is always defined locally, meaning that it moves with the observer. The horizon

intersects the celestial sphere in a great circle called the horizon circle.2 The horizon

circle divides the celestial sphere into two hemispheres; only the hemisphere above the

I Some of these distance-measuring techniques will be discussed in Chapter 13'

2 A,,,greatcircle" is a circle on the surface of a sphere whose center coincides with the sphere's center'



1.2 Coordinate Systems on a Sphere

horizon is visible to the observer. The point directly above the observer's head, in the

middle of the visible hemisphere of the celestial sphere, is called the zenith (point Z
in Figure 1.1). The point directly below the observer's feet, opposite the zenith, is the
nadir.

Since the celestial sphere is indeterminately large, distances between points on the
celestial sphere are measured in angular units, as seen by an Earthly observer, rather than
in physical units such as kilometers. Astronomers most frequently measure angles in
degrees, arcminutes, and arcseconds, with 360 degrees (360") in a circle, 60 arcminutes
(60/) in a degree, and 60 arcseconds (60/') in an arcminute. When they measure angles

smaller than an arcsecond, they revert to the decimal system and use milliarcseconds and

microarcseconds.
When the Sun is above the horizon, it appears as a bright disk on the celestial

sphere, 30 arcminutes across. The Moon, coincidentally, is also roughly 30 arcminutes
in diameter as seen from Earth, but appears to change in shape as it waxes and wanes

from new Moon to full and back again. When the Sun is below your horizon, you can

see as many as 3000 stars with your unaided eyes.3 The stars in the night sky appear as

tiny lights, blurred by our imperfect human vision into blobs about an arcminute across.

Starting in prehistoric times, astronomers have identified apparent groupings of stars

called constellations. The stars in a constellation are not necessarily physically related,
since they may be at very different distances from the Earth.

'1.2 r COORDINATE SYSTEMS ON A SPHERE

If we want to describe the approximate position of a star on the celestial sphere, we can

say',vhat constellation it lies within. However, since there are only 88 constellations on
the entire celestial sphere, some of them quite large, merely knowing the constellation
doesn't give a very precise location. For a more precise description of positions on the

celestial sphere, we need to set up a coordinate system. On the two-dimensional celestial
sphere, two coordinates will be needed to describe any position. Geographers have

already shown us how to set up a coordinate system on a sphere; the system of latitude
and longitude provides a coordinate system on the surface of the (approximately)
spherical Earth.

On the Earth, the north and south poles represent the points where the Earth's rotation
axis passes through the Earth's surface. The equator is the great circle midway between
the north and south pole, dividing the Earth's surface into a northern hemisphere and

a southern hemisphere. The latitude of a point on the Earth's surface is its angular
distance from the equator, measured along a great circle perpendicular to the Earth's
equator (Figure 1.2).Latitude is measured in degrees, arcminutes, and arcseconds, as is

longitude. Thus, the use of latitude and longitude doesn't require knowing the size of

3 This number assumes that you are in a dark location, far from the bright lights of the big city. In a populated

area, you'll be lucky to see a few hundred stars.
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