
Solution
Light travels km in 1 s. So, let’s calculate how far it goes in a year:

• There are 60 ( ) s in 1 min, and min in 1 h.
• Multiply these together and you find that there are s/h.
• Thus, light covers
• There are 24 or h in a day, and 365.25 ( ) days in 1 y.
• The product of these two numbers is h/y.
• Multiplying this by km/h gives km/light-year.

That’s almost 10,000,000,000,000 km that light covers in a year. To help you imagine how long this distance
is, we’ll mention that a string 1 light-year long could fit around the circumference of Earth 236 million times.

1.5 Consequences of Light Travel Time

There is another reason the speed of light is such a natural unit of distance for astronomers. Information
about the universe comes to us almost exclusively through various forms of light, and all such light travels at
the speed of light—that is, 1 light-year every year. This sets a limit on how quickly we can learn about events in
the universe. If a star is 100 light-years away, the light we see from it tonight left that star 100 years ago and is
just now arriving in our neighborhood. The soonest we can learn about any changes in that star is 100 years
after the fact. For a star 500 light-years away, the light we detect tonight left 500 years ago and is carrying
500-year-old news.

Because many of us are accustomed to instant news from the Internet, some might find this frustrating.

“You mean, when I see that star up there,” you ask, “I won’t know what’s actually happening there for another
500 years?”

But this isn’t the most helpful way to think about the situation. For astronomers, now is when the light reaches
us here on Earth. There is no way for us to know anything about that star (or other object) until its light
reaches us.

But what at first may seem a great frustration is actually a tremendous benefit in disguise. If astronomers
really want to piece together what has happened in the universe since its beginning, they must find evidence
about each epoch (or period of time) of the past. Where can we find evidence today about cosmic events that
occurred billions of years ago?

The delay in the arrival of light provides an answer to this question. The farther out in space we look, the
longer the light has taken to get here, and the longer ago it left its place of origin. By looking billions of light-
years out into space, astronomers are actually seeing billions of years into the past. In this way, we can
reconstruct the history of the cosmos and get a sense of how it has evolved over time.

This is one reason why astronomers strive to build telescopes that can collect more and more of the faint light
in the universe. The more light we collect, the fainter the objects we can observe. On average, fainter objects
are farther away and can, therefore, tell us about periods of time even deeper in the past. Instruments such as
the Hubble Space Telescope (Figure 1.5) and the Very Large Telescope in Chile (which you will learn about in
the chapter on Astronomical Instruments), are giving astronomers views of deep space and deep time better
than any we have had before.
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Figure 1.5 Telescope in Orbit. The Hubble Space Telescope, shown here in orbit around Earth, is one of many astronomical
instruments in space. (credit: modification of work by European Space Agency)

1.6 A Tour of the Universe

We can now take a brief introductory tour of the universe as astronomers understand it today to get
acquainted with the types of objects and distances you will encounter throughout the text. We begin at home
with Earth, a nearly spherical planet about 13,000 kilometers in diameter (Figure 1.6). A space traveler entering
our planetary system would easily distinguish Earth from the other planets in our solar system by the large
amount of liquid water that covers some two thirds of its crust. If the traveler had equipment to receive radio
or television signals, or came close enough to see the lights of our cities at night, she would soon find signs
that this watery planet has sentient life.

Figure 1.6 Humanity’s Home Base. This image shows the Western hemisphere as viewed from space 35,400 kilometers (about
22,000 miles) above Earth. Data about the land surface from one satellite was combined with another satellite’s data about the
clouds to create the image. (credit: modification of work by R. Stockli, A. Nelson, F. Hasler, NASA/ GSFC/ NOAA/ USGS)

Our nearest astronomical neighbor is Earth’s satellite, commonly called the Moon. Figure 1.7 shows Earth and
the Moon drawn to scale on the same diagram. Notice how small we have to make these bodies to fit them on
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