Name

Energy in the Earth System

Earth System Science

1. What is a system?

2. What is matter?

3. What is energy?

Open Systems

4. What is an open system?

5. Give an example of an open system

Closed Systems

6. What is an closed system?

7. Give an example of an closed system

Earth’s Energy Budget

8. What does the First Law of Thermodynamics state?

9. What does the Second Law of Thermodynamics state?
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I:.\.';x: wally, ditterent helds of Earth saence have been studied

separately. Geologists studied Earth’s rocks and interior, oceanog

raphers studied the ocvans, and meteorologists studied the atmos-

were. Bat now, some saentists are combining knowledge of

several Belds of Barth science in order to study Earth as a system.

Earth-System Science

An onganized

group of related objects or components that
nieract o create a whole 1s a system. Systems vary in size from
substomuc o the size of the universe. All systems have boundaries,
anc many systems have matter and energy that flow through them.
Even though each system can be described separately, all systems
are bnked. A large and complex system, such as the Earth system,
perates as a resull of the combination of smaller, interrelated
Systems, as shown in Figure 1.
The operation of the Earth system is a result of interaction
between the two most basic components of the universe: matter
and energy. Matter is anythung that has mass and takes up space.
Matter can be atoms or molecules, such as oxygen atoms or walter
mokecules, and matier can be larger objects, such as
rocks, bving organsms, or planets. Energy is defined
&5 the ability to do work. Energy can be transferred
& vaniety of forms, including heat, light, vibra-
I, Or gleCtromagnetic waves A syslem can be
wscribed by the way that matter and energy are
farsderred withun the system or to and from other
ens. Transfers of matier and energy are com-
aly sccomparued by changes in the physical or
wical g roperties of e maltter

r

Figure 1 Ths threadiin butterfiyfish s part of a
riiem hatl Incudes olher iving OIQAaNsITS, U h
B oorel. ] ageiher, Lhe OIganiym are pant ol a

Wrger Syslem, a coral reef system in MiCronesia

system a set of particles or
interacung components
considered (o be a distinct
physical entity lor the purpose
of study




0y Orien A deian! | Mhon fverin g Aot n  dagaen
" both the open systom (left)
and the dased system (right), In
the apen system, matter is also
exchanged

Open Systems

An open system is a system in which both energy and matter are
exchanged with the surroundings. The open jar in Figure 2 is an
open system. A lake is also an open system. Water molecules enter
a lake through rainfall and streams. Water exits a lake through
streams, evaporation, and absorption by the ground. Sunlight and
air exchange heat with the lake. Wind's energy is transferred to the
lake as waves,

Closed Systems

A closed system is a system in which energy, but not matter, is
exchanged with the surroundings. The sealed jar in Figure 2 is a
closed system. Energy in the form of lightand heat can be exchanged
through the jar’s sides. But because the jaris sealed, matter cannot
exit or enter the system. Most aquariums are open systems because
oxygen and food must be added to them, but some are closed sys-
tems. Closed-system aquariums contain a varety of organisms:
plants, which produce oxygen, and aquatic animals, some of which
are food for others. Some of the animals feed on the plants. Animal
wastes and organic matter nourish the plants. Only sunlight enters
from the surroundings.

The Earth System

Technically, all systems that make up the Earth system are
open. But the Earth system is almost a closed system because matter
exchange is limited. Energy enters the system in the form of sunlight
and is released into space as heat. Only a small amount of dust and
rock from space enters the system, and only a fraction of the hydro-
gen atoms in the atmosphere escape into space.

What types of matter and energy are
exchanged between Earth and space’?

34 Chepter 7 Larth as & System




«arth’s Four Spheres

Matter on Earth s in solid ..“'1.! .,l‘,},.|.”|”‘_"‘“. Ihe Lartly

o voEnPosed of foar Tapheres” that ane storehouses of all of
s matter, These four sl

wres are shown in Flgure 3

The Atmosphere

het of gases that surrounds Farth's surface (s called

atmoaphere. 11 tmosphere provides the

atr that you

1 shueids Farth from the sun's harmiul radiation

n ¢ up of F8% nitrogen and 21% oxypen
Cn L mciades other gases, such as argon, carbon
The Hydrosphere
vers much of Lartl surface nd 9775 of this water
the IV OCear The remaming 3 s fresh
waler ¢ be | nd 0 lakes, nvers, and streams
{ the polar ice shoets, and underground
4 ’ A { Eard waler makes up Lhe
DyYyorosphere
The Geosphere
thy » part of the geosphere. This
e i ther 1 the surface of the conti
and X o 1lso includes the solid
o of Earth, which makes up the largest volume
Farth. Natural processes, such as volcanusm, bring
{2 e mside Earth's intenor 1o the surface, Other pro
- ¢ surdace matter back into Larth's intenor
E -_—
f -

posed, i becomes

e other tuee spheres. The
‘~’"'[‘1JY| exlends from e
.i(\;«»!i.n:!..!'.:- ocvan o
the atmosphere a few ko

Meters above Earth's »

almosphere a misture of gases
|'-.l|*H"VII‘\'\J;lll'l' n 1
Or olther cpieslial Doy
h\.hmphnr the portion of
the Canth thatl |s water

Reosphere the mostly soad
rocky part of the Farth, extend
from the center of the core t

the surface of the crusl

biosphere the part of Eanh

where e exsty ncludes all of

the inang organivmy on Lant

ngre 3 The Earth 3y
composed of the aumosphere

hydrosphere, geposphere, and

iosphere. Con you identify
clements of the four \pheres in
this photo/
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Earth’s Energy Budget

Exchanges and flow of energy on Earth happen in predictable
ways, According to the first law of thermodynamics, energy is trans-
{erred between systems, but it cannot be created or destroyed. The
transiers of energy between Earth’s spheres can be thought of as
parts of an energy budget, in which additions in energy are balanced
by subtractions. This concep! is shown in Figure 4, which shows
how solar energy is transferred through Earth's systems, Solar
energy is absorbed and reflected in such a way that the solar energy
nput is balanced by the solar energy output, Like energy, matter
can be translerred but cannot be created or destroyed

The second law of thermodynamics states that when energy
transfer takes place, matter becomes less organuzed with ime, The
overall effect of this natural law s that the universe’'s energy s
spread out more and more uniformly over tune

Earth’s four main spheres are open systems that can be thought
of as huge storehouses of matter and energy. Matter and energy
are constantly being exchanged between the spheres, This constant
cachange happens tuough chemical regctions, radivactive decay,
the radiation of energy (including light and heat), and the growth

and decay of organisms

QLT Define energy budget.




