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Earth () Dlmensmns ‘
and Navigation |

Although there are still a few people who think that Earth is flat, most peopie know that
our planet is a sphere. See Figure 2-1. However, as with other facts that you will learn
this year, the most important issue is not what you know, but how you know it is true.

' For thousands of years it was obvious that Earth must be flat. If it were not, people on
the other side would fall off. When we began to realize how gravity pulls us toward the
center of planet Earth, we could better understand a round planet. In fact, gravity has
given us an important method to determine the exact shape of Earth.

Gravity becomes increasingly weaker the further you are from Earth’s center. With -

sensitive instruments, scientists can measure tiny changes in grawty For example, the
pull of gravity is slightly weaker high in the mountains than it is at sea level: Over the
whole Earth, the strength of gravity varies by about 1%. Gravity is slightly stronger at
the poles than it is néar the equator. There are two rea-
\ath w sons for this. First, the spin of Earth creates a 'slight
f( STNE force, which can counteract gravity. Second, and more im-
Q:D . ,%,]iﬁ‘“\%\* portantly, Earth bulges slightly at the equator. A person
at the equator is about 20 km farther from Earth’s cen-

ter than a person at the poles. See Figure 2-2.

FIGURE 2-2. Because gravity is slightly
i greater at the poles, we know that Earth
bulges at the equator, (T he buige has
been greatly exaggerated sn this
diagram.)
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FIGURE 2-1. An argument against at equator
the round Earth.
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A. i —— it — ".'.:._-'.'sh;pputscuttosea it
1/2 hour after leaving port 1 hour affer leaving port - - 12 hour after leaving port *-- appears, fo sail “over: the
' ’ . -..T e horizon V'ewedthrougha_.
* telescope, the ship would
" disappear from the bottom
~ - up; as shown In Part A,
.. (The ships o the right are -
: mcreasmg!y magmﬁad ) As_:
. shown in Part B, Earth’s. -
- curvature is respons:ble for' L
- this observatzon ' ENS

""""'.'—"__.* Ll

The true shape of Earth has been descrlbed as a sphermd very shghtly ﬂattened at S
thepoles and very slightly bulging at the equator. Please note that the flattening has been - -
greatly exaggerated in Figure 2-2. In fact, Earth looks like a perfect sphere fmm every.i
direction. -

Long before the voyages of Columbus, people notlced that a dxstant shlp seems to sa.ll

“over the horizon.” On a clear day, and especially through a telescope, a ship can ‘be seen bt
- to disappear from the bottom up, as it “sinks” below the horizon. See Figure 2-8.This ef—:_* e
fect can be seen when you look outto -
sea in any compass direction. It g
Al North Pole A To Polaris . caused’ by the curvature Of Ea:rth’
U surface. More than 2000 years: 480,
some enlightened people mterpreted.:--
this to mean that Earth is a sphere. :
A third way to determine the
shape of Earth is to ‘make observa:.
tions of stars and planets. If people
over the whole Earth try: to observe
the sun at any particular time, some
will see it, and some (where it is night)
will not. For some people, the sun will
be high in the sky. For others it will be -
near or even below the horizon: When
we account for all these observatmns_j
. in a logical model, we can deter:mme-’
that Earth must be a sphere. .
- On-a ‘spherical planet; Whenitf- is
noon in one place, it must be mldmgh
 on the opposite side of Earth, 180° of
. ..o longitude away. Meanwhile; 90° to th
AtEquator 7 T N_ <, eastor west, the time will be 6:A.M. or
: ‘ : . 6 pv. Consider E&gure 24, Aperson'at'__
: the equator can. observe ‘the North'

"

Polaris

N FIGURE 2—4 As an observer traVe!s north i
from the equator the North Star mOVeS h:gher in
. the sky .
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FIGURE 2-5. An eclipse of the
moon, when the moon moves into
Earth’s shadow.

So far, we have considered only indirect evidence. The
space age has allowed scientists to make direct observations
and take photographs of our home planet. It was no surprise
to observe the nearly spherical shape of planet Earth. See
. Figure 2-6. In fact, Earth is so close to a perfect sphere that

e
e
s Star al_ong the horizon. As she or he travels northward, Po-
laris will rise in the sky. Finally, at the North Pole, it Wﬂl be
directly overhead.

When the moon moves in its orbit mto the shadow of
Earth, we observe an eclipse of the moon. Because the moon
is smaller than Earth, we cannot see the whole shadow.
However, the edge of Earth’s shadow is always round. See
Flgure 2-5. The sphere is the only shape with a shadow that
is always round. In this way,
observations of lunar eclipses
support the spherical shape of
Earth.

we cannot detect the slightest flattening without the use of FIGURE 2-6. Earth looks petfectly

premsmn instruments.

sphetical.

,

1. State four ways to determine Earth’s shape without leaving the ground.

a.

b.

o,

d.

2. How close to a perfect sphere is Earth’s true shape?

3. At the equator, how high in the sky is the North Star?

4. Why do objects Weigh slightly more at Earth’s poles than they do at the equator?
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