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HAPTER 4
A Model of the Earth

rou will know something about the earth as 2 planet if you can.

_ Describe various ways in which modgls are used.
', Explain how the earth’s shape and size are knowr?. ce
. Identify and describe the three parts of the earth's surtace.

We are all accustomed to the “‘fact”’ that the earth is roun..
We take it so much for granted that we don't realize how hard i1 1+
10 conceive of this idea without modern means of travel «nid
observation. Yet 2,000 vears ago, scientists (or *‘philosophers,”
as they were often called) had shown that the earth must be
shaped like a ball. Eratosthenes (whom we will meet later in this
chapter) had even calculated its size with remarkable accuracy.
How r.ould this be done without telescopes, radio, clocks precise
m;}’:;ﬁ""::;;’i f ;: :'()f’;d-lSpt{C[crra:ﬁ, or even high-speed (.'ar.s‘ ?
show you how fhe scic'nriifrse j; I‘Z""'m,ﬂ" itdplers we ar‘e going to
the earth, using careful r‘n‘;kver'.'ar‘j - dev,dopﬂ.i el model'of

Since we are going to dél'el() P mstrumems.‘
thing we should do ;s make C’P a model of the earth, the first
model. W, should also find oy “,e:’ W'hm we mean by the term

atkinds of models we can use.
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MODELS

We can begin by saying that a
model is anything that represents the
properties of an object or a system.
Some models are miniature copies of
the things they represent, while other
models represent things that cannot
be seen.

Types of Models. There are a
number of different kinds of models,
and some of them we see every day.

1. Phvsical and mechanical mod-
els. Physical models are models that
provide us with information through
our sense of sight. Common examples
include things like globes, dollhouses,
and model planes and cars. An ar-
chitect’s drawing of a building is
another example of a physical model.

Some physical models have work-
ing parts so that they can perform the
same functions or movements as the
original object. This type of model is
called o mechanical model. A model
electin train 1s a mechanical model.

n soth physical and mechanical

modos, size 1s an important factor. In
most mcadels all parts of the model are
made i the same proportions as the

parts of the original. They are all
made 10 the same scale. For example,
if you were building a model car, you
wouldn’t make the model one-tenth as

Figure 4-1. An electric train—a mechanical
modeil.

long as the actual car and only one-
twentieth as wide. This would change
the proportions of the car.

The blueprints for a skyscraper or
an engineer’s plans for a rocket engine
must be exactly to scale and very ac-
curate. But it is impossible to make a
schoolroom model of our solar system
to scale because of the differences in
size between the sun and the planets
and the great distances involved.

Figure 4-2. A scale model of a bridge.
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2. Mental models. Some models

exist only in your mind. T]:;S:]Sa:’f
mental models. They are m Theie
things that cannot be observed. The
are many scientific concepts‘that can-
not be illustrated with physical qod-
els. You cannot construct a physical
model that shows you exactly what
happens in an electric circuit when the
current is turned on. But when you
study physics and clectrici!y‘ you de-
velop a mental model of this event.
Another example of a mental model
might be your idea of a friend’s feel-
ings.

3. Mathematical models. Scattered
throughout this text are mathematical
relationships, such as **density equals
mass divided by volume,” or “‘vol-
ume equals length times height times
width.” These relationships are usu-
ally expressed in mathematical sym-
bols, such as D = M/V. These rela-
tionships, whether in words or sym-
bols, are mathematical models that

express certain properties of an object
or system.

SUMMARY

I. A model is anythin
- Types of models i
graphic models.

3. The scale of a physicaj mod

the dimensiong of the rea]

g that represents
nclude physical,

obiect

Depth (in kilometers)

4. Graphic models. Graphs zp,
commonly used to provide a pictur
of the relationship of one factor g
another. For example, Figure 4-3 j5 5
graph showing how the velocity of
one type of earthquake wave varies
with depth below the surface. Graphs
are often used when no simple
mathematical relationship between
the factors can be found. But even
when a mathematical relationship be-
tween two quantities is known, a
graph may make it easier to see the
nature of the relationship.

In this section we have talked about
some of the kinds of mizdels we use,
both in science and in everyday life.
What we call the modcls is not the
important thing. What (s important is
to know when we are using a model
and what we are using it for. We must
always bear in mind that a model 13
not the real thing, but only a helpful
device for trying to understand the
real thing.

the properties of an object or system.
mechanical, mental, mathematical, an

el is the ratio of the dimensions of the model 1©
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THE SHAPE OF THE EARTH

Photographs of the earth taken
from space have provided final proof
that the earth is spherical in shape
(see Figure 4-4). As we shall see later
in this chapter, it is not a perfect
sphere, but it is pretty close to one.

As we have already stated, scien-
tists have known for over two
thousand years that the earth is round.
What observations led them to this
conclusion? Let’s begin with two
everyday sights that, when you think
about it, give us some evidence about
the shape of the earth,

First, look around you as the sun is
setting some evening. Notice how, as
the sun slips below the horizon. the
last sunlight lingers on the tops of the
trees, then on hilltops, and finally, on
clouds in the sky. (Jet plane conden-
sation trails are startling when seen in
a clear sky just after sunset.) The
higher you are, the longer you can see
the sun. People must have noticed
this. What explanation could they
have bhad?

Cur second example involves a
larpe onject either disappearing or ap-
pearing over the horizon (see Figure

4-5) Suppose you are standing on
shore watching a ship sail out to sea.
As you watch, the ship begins to pass

Figure 4-4. The earth as seen from space.

over the horizon. It disappears from

the bottom up. First the hull, or bot-

tom, of the ship is lost from view.

Then the rest of it gradually disap-

pears. The last parts of the ship you

can see are the smokestacks. then the
smoke from the smokestacks. and
then nothing. If a ship were sailing
toward you from over the horizon, it
would appear in the opposite order.
You would first see the smoke, then
the stacks, and finally the ship itself.
(Of course, 2,000 years ago ycu would
have seen sails and masts, not
smokestacks.) How can you account
for the way things disappear and ap-
pear over the horizon?

Figure 4-5. Evidence for the shape of the earth. As a ship moves away toward the
horizon, its upper portions remain visible after the lower portions have disappeared.
The drawing shows why this is to be expected if the earth’s surfacg is curved. As the
ship sails away, it gradually drops below the observer's line of sight.
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Shgcp;poses. As you may know, theré

are two types of eclipses——echpies of
the sun and eclipses of the moon. e
An eclipse of the sun (a so ‘
eclipse) occurs when the moon pas;::n
between the earth and the sun.
eclipse of the moon (a lunar eclipse)
occurs when the earth comes between
the sun and the moon. In ea‘lch case,
one object cuts off the sun’s light from
the other.
The earth and the moon cast long,
cone-shaped shadows in space (see
Figure 4-6). These shadows can fall

ther occur-
at some O
o evidence about the

Figure 4-7. The shape of the earth
shadow. The curved shape of the carths
shadow on the face of the moon during an
eclipse suggests that the earth is round.

on another celestial object, just
your shadow might fall on another
person’s face. During a lunar eclipse
the earth’s shadow moves across the
face of the moon, blacking it out. The
shadow cast by the earth is larger thap
the moon. Therefore, you cannot see
the whole of the earth’s shadow on
the moon. However, the part of the
shadow that you can s&e is curved

Figure 4-6. The earth's shadow and eclipses of the moon. During a lurir eclipse
the full moon enters and passes through the shadow that the earth casts 1w space.
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(Figure 4-7). This suggests rather
strongly that the earth is circular in
shape. However, this does not prove
that the earth is a ball. It could be a
flat disk, like a coin, and still cast a
circular shadow.

Polaris. In the Northern Hemi-
sphere there is one star that seems to
remain stationary in the sky. All the
other stars appear to move around
this star in the course of 24 hours. Be-
cause it is almost directly over the
North Pole, this stationary star is
called the North Star, the pole star, or
Polaris. At the equator, Polaris is al-
ways on the horizon. As you travel
northward, it appears higher and
higher in the sky—its angle with the
horizon increases. At the North Pole,
Polaris is directly overhead. Its angle
with the horizon is 90°.

If you traveled directly north from
the equator from a number of loca-
tions around the earth, you might
notice an interesting fact. From each
location, the altitude of Polaris in-
creases the same amount for each
kileireicr of northward movement.
The oy reasonable explanation for
these abservations is that the earth is
spheiical in shape.

Precise Shape of the Earth. Obser-
vations of the kind we have described
lead {o the conclusion that the earth is
a sphere. However, as the observa-
tions are made more precise, we find
evidence that the earth is slightly flat-
tened at the poles and slightly bulging
at the equator. For example, on a
truly spherical earth, the altitude of
Polaris and the distance north of the
equator should change exactly in step.
They don’t. Careful measurements
show a small variation from perfect
agreement,

Force of gravity and

true vertical
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Figure 4-8. Force of gravity and the shape of
the earth. The fact that the direction of the
force of gravity is not a true vertical at every
point on the earth's surface is evidence that
the earth is not a perfect sphere.

Another measurement that we can
make with high precision today gives
similar results. This is the measure-
ment of the force of gravity. Accord-
ing to Newton's theory of gravitation,
the force of gravity on the surface of a
perfect sphere is directed toward the
center of the sphere. If the earth were
a perfect sphere, the force of gravity
would be straight down (at right an-
gles to the horizontal) wherever you
were on the earth’s surface. Observa-
tions of gravity with very sensitive in-
struments show that this is not the
case. The observations indicate that
the earth is a slightly flattened sphere.
Figure 4-8 shows why the force of
gravity is not always vertical on a flat-
tened sphere.



Furthermore, on a perfectly "F'h""(;
cal carth, the force of gravity shoul
have the same strength at all places on
the surface. Measurements of the
force of gravity with an instrument
called a gravimeter show that gravity
is not the same everywhere on the
earth. It is slightly less at the equator
than at the poles. These observations
agree with the conclusion that the
carth is shightly flattened at the poles.
Because of this flattening, an object
near the poles is closer to the earth’s
center than one & the cquator and
therefore s acted upon by a shghtly
stromger gravitabional force (A more
complete discusson on the force of
gravity and how it depends on dis-
t;?u will come up later, in Chapter
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gIZE OF THE EARTH

Among the “anci.em Greek

hilosopher—sciennsts. it was gener.
ally believed that the earth was 4
sphere. Arismtlg used the fact that the
visible stars shifted as you traveled
porth or south as evidence that the
earth was spherical. He gave an esti.
mate of its size (probably about 509
(oo large). but did not say how he had
arrived at it. Eratosthenes is generally
credited as the first man to make a
scientific determination of the earth's
circumference. He lived from about
175 to 195 B.C., and spent more than
half his life in Alexandria. where he
was head of the great library in that
city. He was one of the greatest
scholars of his time, an =xcellent
mathematician, geographe ~ historian,
and astronomer.

Figure 4-10. The angle of the <.~ at two dif-
ferent places on the earth’s ;. r(ace.
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Eratosthenes knew that in the city of
Svene in Egypt the noon sun was di-
rectly overhead at the summer solstice
(the day the sun reaches its highest
point in the sky). This fact was based
on the observation that at noon that
day the sun could be seen reflected
from the water in a deep well.

Eratosthenes also knew that
Alexandria. where he was located.
was almost exactly due north of
Syene, and that at noon at the summer
solstice the sun was not directly over-
head in Alexandria. Eratosthenes saw
that he could use these observations
to calculate the circumference of the
earth.

To understand Eratosthenes'
method for calculating the circumfer-
ence of the earth. examine Figure
4-10. We assume there is an observer
at A tor whom the sun is directly
overhead. For him the altitude of the
sun 1s 267 from the horizon. An ob-
server al B measures the angle of the
sun ~t the same tme. He finds the al-

titide o be less than 907, The sun is
ASSI: e be <o far from the earth
that s s reaching any part ot the
earth sracthically parallel. The ap-
paren’ - hange moangle i gomng from A
to Hoas enocely the result of the curva-
ture of the earth's surface. This
hange moangular elevation of the sun

is the wame as the angle a at the center
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of the earth. Angle a is some fraction
of a full circle (360°), which we can
calculate. The arc along the surface
from A to B is the same fraction of the
complete circle around the earth. If
we know the distance from 4 to B, it
is a simple matter to calculate the
length of the full circle.

Now compare Figure 4-10 with
Figure 4-11. You can see that Syene
can serve as point A and Alexandria
can serve as point B. So, all that
Eratosthenes needed to do was to
measure the angle of the sun at noon
at the summer solstice in Alexandria.
He found that the angle of the sun at
that moment was a little more than 7°
from the perpendicular, which cor-
responds to an arc of about 1/50 of a
circle. He therefore could state that
the circumference of the earth was 50
times the distance between Alexan-
drna and Syene.

Eratosthenes expressed his esti-
mate of the earth’s xize in units called
stadia (singular, stadium). Taking the
distance between Alexandria and
Syene as 5,000 stadia, he obtained a
value of 50 x 5,000, or 250,000, stadia
as the circumference of the earth.
Much has been made of the question
of how c¢lose to our modern mea-
surements he came. Nobody really
knows, because nobody knows how
long one stachum was. But this is quite

Figure 4-11. How Eratosthenes used the conditions at Alexandria and Syene

find the circumfierence of the sarth,
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5975 X 1077 gm 6 X 10%7 gm

Mass —_—
ot S 108 X 10°7 cm® 1.1 X 1077 ¢m?

Volume ]
]

Average density 5.52 gm/cm’ 5.5 gm/cm?

ver

Radius (NS Pole) 6,378 km 6,400 km

Radius (equator) 6,346 km 6,400 km

Circumference {polar) 40,008 km 40,20 km

Circumference {equator) 40, 076 km 40 730 km
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PARTS OF THE EARTH

Now that we know something
about the shape and size of the earth.
we can continue to develop our model
of this planet. Perhaps the next thing
we should do is to describe the sur-
face of the earth. We know that part
of the earth’s surface is land and part
is water. We also know that the entire
earth is surrounded by a laver of air.
Thus the surface of the earth can be
divided into a solid part, a liquid part,
and a gaseous part,

The solid part of the earth’s surface
is called the lithosphere. The liquid
part is the hvdrosphere. And the
gaseous layer surrounding the earth is
the atmosphere. Although in the fol-
lowing paragraphs we will describe
each of these “'spheres’ separately,
you will learn in later chapters that the
three are closelv interrelated.

The Uithosphere. The term /litho-
sphero refers to the solid rock that
forms~ . continuous shell around the

earth. The lithosphere extends under
the oceans and all other bodies of
water on the earth’s surface. In most
places the lithosphere is covered by a
layer of soil or other loose material.
But if you dig down deep enough. you
hit solid rock. In some places the
lithosphere is not covered by any-
thing. One such place is shown in Fig-
ure 412,

The lithosphere has a thin, upper
layer called the crust, in which the
rocks are less dense than in the rest of
the hithosphere. The thickness of the
crust varies from about 10 km under
the oceans to about 30 km under the
continents. There s a sharp bound-
ary, or interface. between the crust
and the part of the lithosphere below
it. The lower boundary of the litho-
sphere s less distinet, but it is be-
heved to be a region about 100 km
below the surface where the rocks are
soft and plastic.

Figure 4-12. Stone Mountain, Georgia.
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Lithosphere

The Hydrosphere: The hydrosphere
is the thin Jayer of water that rests on
the lithosphere. It includes not only

the water of the oceans, rivers, l.akes,
and streams, but also the water In th_c
icecaps of the Arctic and Antarctfc
and all the water below the surface in
spaces between soil and rock parti cles.
About 70% of the earth’s surface 18
covered by water. But as you can se€
in Figure 4-13, the layer of water is so
shallow compared with the diameter
of the earth that it is really like a thin
film. The average depth of the water
layer is less than 4 kilometers, while
the diameter of the earth is more than
12,700 kilometers.
T','e Atmosphere. The atmosphere is
a thin layer of gases that surrounds
sphere is made 4 al::’or, the atmo-
of nitrogen (sbout 78 0st completely
%) and oxygen
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its own characteristics. Most of e |
mass of the atmosphere is concen. |
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That is, the air is most dense at se |
level and becomes progressively thin-
ner as you go higher.

Figure 4-13 shows the layers, orj
zones, of the atmosphere. Thereisno |
sharp line between one zone and the |
next, but the transition occurs ovcrag
fairly narrow change in altitude. The |
layers differ from one another in tem- |
perature, chemical composition, and |
other general characteristics. 1
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REVIEW QUESTIONS

What is a modei?
ldentify and describe five different types of models.
What is meant by the scale of a physical model?

. Describe two simple observations that lead to the conclusion that

the earth is curved.
Explain how observations of Polaris indicate that the earth is
spherical.

. Explain how sensitive measurements of the force of gravity pro-

vide information about the shape of the earth.

. Name and describe the actual shape of the earth.

Describe how measurements of the altitude of the sun at the
same time at two different locations can be used to calculate the
circumference of the earth.

_ From what do we obtain the best evidence for determining the

exact size and shape of the earth?
What is the /ithosphere?

What is the hydrosphere?

What is the atmosphere?

Describe two different types of models you could use to repre-
sent the earth. Explain how scale is involved in each of these
models.

a. State one observation from which you might infer a round
earth. Explain how this observation could aiso be interpre-
ted as indicating a different shape for the earth.

b. Isthere any evidence that could be accepted as proof of the
earth’s shape?

. Suppose you were to construct a model of the earth to scale,

using 1 cm = 1000 km. !

a. How deep would the lithosphere appear on thtS. model?
b. How deep would the hydrosphere appear on ﬂ']ls model?
c. How deep would the atmosphere appear on this madel?



