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4| EARTH AND SKY
Learning Objectives

By the end of this section, you will be able to:

Describe how latitude and longitude are used to map Earth
Explain how right ascension and declination are used to map the sky

In order to create an accurate map, a mapmaker needs a way to uniquely and simply identify the location of all
the major features on the map, such as cities or natural landmarks. Similarly, astronomical mapmakers need a
way to uniquely and simply identify the location of stars, galaxies, and other celestial objects. On Earth maps,
we divide the surface of Earth into a grid, and each location on that grid can easily be found using its /atitude
and longitude coordinate. Astronomers have a similar system for objects on the sky. Learning about these can
help us understand the apparent motion of objects in the sky from various places on Earth.

Locating Places on Earth

Let's begin by fixing our position on the surface of planet Earth. As we discussed in

, Earth’s axis of rotation defines the locations of its North and South Poles and of its
equator, halfway between. Two other directions are also defined by Earth’s motions: east is the direction toward
which Earth rotates, and west is its opposite. At almost any point on Earth, the four directions—north, south,
east, and west—are well defined, despite the fact that our planet is round rather that flat. The only exceptions
are exactly at the North and South Poles, where the directions east and west are ambiguous (because points
exactly at the poles do not turn).

We can use these ideas to define a system of coordinates attached to our planet. Such a system, like the layout
of streets and avenues in Manhattan or Salt Lake City, helps us find where we are or want to go. Coordinates
on a sphere, however, are a little more complicated than those on a flat surface. We must define circles on the
sphere that play the same role as the rectangular grid that you see on city maps.

A great circle is any circle on the surface of a sphere whose center is at the center of the sphere. For example,
Earth’s equator is a great circle on Earth’s surface, halfway between the North and South Poles. We can also
imagine a series of great circles that pass through both the North and South Poles. Each of this circles is called
a meridian; they are each perpendicular to the equator, crossing it at right angles.

Any point on the surface of Earth will have a meridian passing through it ( ). The meridian specifies the
east-west location, or longitude, of the place. By international agreement (and it took many meetings for the
world’s countries to agree), longitude is defined as the number of degrees of arc along the equator between
your meridian and the one passing through Greenwich, England, which has been designated as the Prime
Meridian. The longitude of the Prime Meridian is defined as 0°.
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Figure 4.2 Latitude and Longitude of Washington, DC. We use latitude and longitude to find cities like Washington, DC, on a globe. Latitude
is the number of degrees north or south of the equator, and longitude is the number of degrees east or west of the Prime Meridian.
Washington, DC's coordinates are 38° N and 77° W.

Why Greenwich, you might ask? Every country wanted 0° longitude to pass through its own capital. Greenwich,
the site of the old Royal Observatory (Figure 4.3), was selected because it was between continental Europe and
the United States, and because it was the site for much of the development of the method to measure longitude

at sea. Longitudes are measured either to the east or to the west of the Greenwich meridian from 0° to 180°.
As an example, the longitude of the clock-house benchmark of the U.S. Naval Observatory in Washington, DC,
is 77.066° W.

Figure 4.3 Royal Observatory in Greenwich, England. At the internationally agreed-upon zero point of longitude at the Royal Observatory
Greenwich, tourists can stand and straddle the exact line where longitude “begins.”(credit left: modification of work by “pdbreen”/Flickr; credit
right: modification of work by Ben Sutherland)

Your latitude (or north-south location) is the number of degrees of arc you are away from the equator along
your meridian. Latitudes are measured either north or south of the equator from 0° to 90°. (The latitude of the
equator is 0°.) As an example, the latitude of the previously mentioned Naval Observatory benchmark is 38.921°
N. The latitude of the South Pole is 90° S, and the latitude of the North Pole is 90° N.



106 Chapter 4 Earth, Moon, and Sky

Locating Places in the Sky

Positions in the sky are measured in a way that is very similar to the way we measure positions on the surface
of Earth. Instead of latitude and longitude, however, astronomers use coordinates called declination and right
ascension. To denote positions of objects in the sky, it is often convenient to make use of the fictitious celestial
sphere. We saw in that the sky appears to rotate about points
above the North and South Poles of Earth—points in the sky called the north celestial pole and the south
celestial pole. Halfway between the celestial poles, and thus 90° from each pole, is the celestial equator, a great
circle on the celestial sphere that is in the same plane as Earth’s equator. We can use these markers in the sky
to set up a system of celestial coordinates.

Declination on the celestial sphere is measured the same way that latitude is measured on the sphere of Earth:
from the celestial equator toward the north (positive) or south (negative). So Polaris, the star near the north
celestial pole, has a declination of almost +90°.

Right ascension (RA) is like longitude, except that instead of Greenwich, the arbitrarily chosen point where we
start counting is the vernal equinox, a point in the sky where the ecliptic (the Sun’s path) crosses the celestial
equator. RA can be expressed either in units of angle (degrees) or in units of time. This is because the celestial
sphere appears to turn around Earth once a day as our planet turns on its axis. Thus the 360° of RA that it takes
to go once around the celestial sphere can just as well be set equal to 24 hours. Then each 15° of arc is equal
to 1 hour of time. For example, the approximate celestial coordinates of the bright star Capella are RA 5h = 75°
and declination +50°.

One way to visualize these circles in the sky is to imagine Earth as a transparent sphere with the terrestrial
coordinates (latitude and longitude) painted on it with dark paint. Imagine the celestial sphere around us as a
giant ball, painted white on the inside. Then imagine yourself at the center of Earth, with a bright light bulb in
the middle, looking out through its transparent surface to the sky. The terrestrial poles, equator, and meridians
will be projected as dark shadows on the celestial sphere, giving us the system of coordinates in the sky.

LINK TO LEARNING

You can explore a variety of basic animations about coordinates and motions in the sky at this

from ClassAction. Click on the
“Animations” tab for a list of options. If you choose the second option in the menu, you can play with the
celestial sphere and see RA and declination defined visually.

The Turning Earth

Why do many stars rise and set each night? Why, in other words, does the night sky seem to turn? We have seen
that the apparent rotation of the celestial sphere could be accounted for either by a daily rotation of the sky
around a stationary Earth or by the rotation of Earth itself. Since the seventeenth century, it has been generally
accepted that it is Earth that turns, but not until the nineteenth century did the French physicist Jean Foucault
provide an unambiguous demonstration of this rotation. In 1851, he suspended a 60-meter pendulum weighing
about 25 kilograms from the dome of the Pantheon in Paris and started the pendulum swinging evenly. If Earth
had not been turning, there would have been no alteration of the pendulum’s plane of oscillation, and so it
would have continued tracing the same path. Yet after a few minutes Foucault could see that the pendulum’s
plane of motion was turning. Foucault explained that it was not the pendulum that was shifting, but rather
Earth that was turning beneath it ( ). You can now find such pendulums in many science centers and
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planetariums around the world.

Figure 4.4 Foucault’s Pendulum. As Earth turns, the plane of oscillation of the Foucault pendulum shifts gradually so that over the course of
12 hours, all the targets in the circle at the edge of the wooden platform are knocked over in sequence. (credit: Manuel M. Vicente)

Can you think of other pieces of evidence that indicate that it is Earth and not the sky that is turning? (See
Collaborative Group Activity A at the end of this chapter.)

42 | THE SEASONS
Learning Objectives

By the end of this section, you will be able to:

Describe how the tilt of Earth’s axis causes the seasons
Explain how seasonal differences on Earth vary with latitude

One of the fundamental facts of life at Earth’'s midlatitudes, where most of this book’s readers live, is that
there are significant variations in the heat we receive from the Sun during the course of the year. We thus
divide the year into seasons, each with its different amount of sunlight. The difference between seasons gets
more pronounced the farther north or south from the equator we travel, and the seasons in the Southern
Hemisphere are the opposite of what we find on the northern half of Earth. With these observed facts in mind,
let us ask what causes the seasons.

Many people have believed that the seasons were the result of the changing distance between Earth and the
Sun. This sounds reasonable at first: it should be colder when Earth is farther from the Sun. But the facts don’t
bear out this hypothesis. Although Earth’s orbit around the Sun is an ellipse, its distance from the Sun varies by
only about 3%. That's not enough to cause significant variations in the Sun’s heating. To make matters worse
for people in North America who hold this hypothesis, Earth is actually closest to the Sun in January, when
the Northern Hemisphere is in the middle of winter. And if distance were the governing factor, why would the
two hemispheres have opposite seasons? As we shall show, the seasons are actually caused by the 23.5° tilt of
Earth’s axis.
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