Monday AM, Explain: Energy

MONDAY: energy in and energy out on a global scale Ener & Conservation of Ener

Energy & Radiation, Part |

» Energy concepts: What is energy?

The most important -,
organizing principle in ¥

 Conservation of energy: Can energy be ! .
gy 9y all of science: : Energy is the “universal currency for
Created or deSthyed. Energy cannot be i 4 making things happen”.
created or destroyed. It 5 Understanding the world means
Lo . i can only change from o 4 understanding how and why energy
» Radiation: What is the difference between :“e:h"_rm L‘j if;f“‘ef- B Norts Dakote /' changes from one farm to another.
. . n 1N, at happens Fracking « *
red Ilght and blue Ilght7 inv}élvesga changpepin r;_?'\_ Tl

energy from one form to |
another.

2 Energi an abstract lc:E)nept that is absolutely central to
understanding the physical world, yet it is very hard to
define and illustrate (greek energeia — activity, operation)

> Google: Noun, 1. the strength and vitality required for
sustained physical or mental activity, 2. A feeling of
possessing such strength and vitality; Synonyms: power,
vigor, vim, zip, strength, pep

« potential energy
DNz N BRI

> In mechanics: “Energy is the ability to perform work”
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Radiant Energy Chemical Energy Thermal Energy
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Thermal Energy is Special.

Kinds of Energy

> Radiant energy — light :
> Kinetic energy — motion
> (Gravitational) potential energy — height

> “Internal energy”

> Temperature, pressure — hot air
» Chemical energy
> Nuclear energy

> Conversion between different kinds
of energy power everything that

happens in weather and climate!! i - At 4 )
| - Nuclear to thermal.

The Basic Energy Model Conservation of Energy

Environment

> Energy can be stored
Energyin [ system '\ Energy out

> Energy can move from one piece of

b Ensrgy matter to another piece of matter

type of energy to another type of energy

Work
# E,, &= E »
\ f > Energy can be transformed from one
# »

chem

Hait - The First Law of Thermodynamics:

During all this moving and transforming

Et erm
\ " / the total amount of energy never changes.
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R. Feynman (during a lecture in 1961):

There is a fact, or if you wish, a law,
governing all natural phenomena that are
known to date. There is no known
exception to this law—it is exact so far as
we know. The law is called the
conservation of enerqy. It states that there
is a certain quantity, which we call energy,
that does not change in manifold changes
which nature undergoes. That is a most

energy is conserved ...
so why do we have to “conserve energy”?

> Total energy is conserved (First Law), but not it's
usefulness!

> Second Law of Thermodynamics:

Energy flows “downhill” from highly concentrated
(hot) forms to very dilute (cold) forms

abstract idea, because it is a mathematical
principle; it says that there is a numerical
quantity which does not change when
something happens. It is not a description
of a mechanism, or anything concrete; it is
just a strange fact that we can calculate s ONE TEMPERATURE IS
some number and when we finish HIGHER THAN ANOTHER.
waltching nature go through her tricks and THE FLYING TURTLE CO., LLC

. e 9 HTTP://IWWW.FTEXPLORING.COM
calculate the number again, it is the same.

ENERGY AS HEAT FLOW

HIGHER
TEMPERATURE ALWAYS MOVES FROM A . Gasoline burned in your car
HIGHER TEMPERATURE

10 A Lower (hot) makes it move

TS L Turbulence and friction of tires
on road dissipated as heat

+ Heat radiated to space (cold)
10

HEAT
WILL FLOW

. Everything’s squared away,
i, squaaaaarad aways ASLONG AS

Energy Makes Things Happen!

Where does the energy of the storm come from?

IMAGERY COURTESY: CIMSS/SSEC

Where does the energy go once the storm dissipates? "
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It all starts with the Sun

* Nuclear fusion in the Sun powers all changes on
the Earth!

 Solar energy heats the air, lifts it, blows it
around, evaporates water, makes snowstorms ...

» Conversion of solar energy and downhill
dissipation as heat energy drive all weather and
Climate phenomena “FRESH" “HIGH-GRADE" RADIATION

ENERGY FROM THE SUN
POURS ONTO THE EARTH EVERYDAY

LOW-GRADE “USED-UP" ENERGY
RADIATES BACK INTO SPACE

Energy comes in hot, and
goes out cold (at 342 W/ m?)

SPACESHIP EARTH

© The Flying Turtle Co., LLD
http://www.ftexploring.com
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Heat Transfer Processes

> Conduction: molecules transfer (kinetic)
energy by colliding with one another and
imparting their momentum

» Convection: fluid moves from one place to
another carrying it's heat energy with it

> In atmospheric science, convection is conventionally

associated with vertical movement of the fluid (air or

water), whereas advection is used for the horizontal
movement

> Radiation: transfer of heat between objects
without requiring contact or fluid in between

15
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Earth's Energy Balance
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in One Year
N>

S

© Brooks/Cole, Cengage Learning

© Brooks/Cole, Cengage Leaming



Monday AM, Explain: Energy

Convection (“warm air rises”)

Cool air Cool air

11
-

Hot surface Hot surface Hot surface
2:00 PM. 2:15 PM. 2:30 PM.

© Brooks/Cole, Cangage Leamng

Heating of the earth's surface during
daytime causes the air to mix
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