Last time (8728
* Compoesition of the atmozphere: what it's mads of] sources and winks;
how it reachked ifs prezent state.

Today (92)
» Cower temperature, pressure, and demsity. Discuzs hew they're
reasurad

» Discuzs the relationskip betwesn thess guantities,

* Vertical structure of temperaturs m the atmozphere ‘atmospheric lavers
* Sensible haat, latznt heat.

» Heat transfer.

» We will focus mors on pressurs when we discuss wing systams

Thursday (047
- Radistion

What 1s Atmospheric Pressure?

= Atmospheric Pressure 15 the force per unit area of
a column of air above you (extending all the way
to the top of the atmosphere)

= In other words, pressure 1s the weight of the

column of air above you - a measure of how hard
this column of air 13 pushing down

* More fundamentally - atmospheric pressure arises
from gravity acting on a column of air

Pressure

* Molecules bumping into an object create a
force on that object
* Pressure 15 the force applied per unit area
—-P=F/A
— Which box below is exerting the greatest
pressure upon the ground?

L]

1kp Force =m*g

Why Pressure?

* Pressure 15 one of the most fundamental
forces which produces weather and makes
our atmosphere move - 1.e. WIND

* Pressure defines many of our most
detinitive weather patterns: madlatitide
cyclones, hurricanes, anticyclones

How do we measurse prassure” |
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Pressure vs Height
Sea Lovel Valne Units of Pressare:
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Hydrostatic balance

What keeps air frem alway: moving
donwmward: doe to gravicy?

A belamce barween gravity aud gie
Fressure gradions force.

AP/ Az = pp

What iz the presinre gradient force?
Fushor from kigh t5 kw prozure T

What 1s Air Temperature?

* Temperature iz a measure of the kinetic (motion)

energy of air molecules
- KEE =% m” m = mass, v = velocrty
— 50...temperature 1= a measure of air melecule speed

* The sensation of warmth 1z created by air

molecules striking and bouncing off vour skin

surface

— The warmer it 15, the faster molacules move ma
random fashion and the more colhizions with vour skin
per unit time

— Could vou feel cold i a place wheare the temperature 15
high?

How do we measure
Temperature?

+ Conventional thermometry
- Liguid in glass.
+ Elactronic thermometers
- Meazwres resiztance in a metal such as nicksl.
+ FRemote sensing using radiation emitted by the air and

surface (parhiculark:, though not exclusively, from
zatellites).

+ Unmtz of temperature: Celsius, Kelrm
What iz the coldest possible temperaturs? Wh?

Temperature scales

measure of the motioa (linenc enerpy) of air molecnles.

Desrees Celan: (Cemtigrade) deg C =59 (dex F -32)
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K=degC+17316
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1} deg Celans chamse = 16 deg Fabhrenhedt chanpe
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The atmozphers

15 lavered according
to 1tz temperature
structure

In some lavers
the temperatura -
mereases with height = =

In others it decreases
with height or 1=
constant
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Density of air p=mass/volume

Diensity can be determined wia its relationship to
pressure and temperature:

Eonaton of Soxte (Tdeal Gas Law:

P=p K {Prﬁsureaquﬂsliepmductnfm-ﬂﬂnsm

Univerzal 2a: constant and )

g = B = mas =[pmiom’]
ET  wolume

. I:I-l.rczt |:E|.u1:|.|:||:||sl|.p- between Density and Pressure
nsity goes up if T constant)
" Il:l.'iltm ntl.ugur between Density and temperature
[temperature goes up; density goes down if P constant]
# Direct relationship between temperature and pressare
[temperatures goes up; pressure goes up if density
constant)




Atmospheric
density

* Decreases with
height
— compressible

atmosphara

* Density 13 not
directly meaznred.
We calculate 1t
from temperature
and pressure ” o -
measurements FIGUAL 1T
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Why do we care about density?
Changes in density drive vertical motion n
the atmosphere and ocean.

» Lower density air rises when 1t 15

surrounded by denser air.

-Think of a hollow plastic ball zubmergsd undsr water.
What happens when vou relsaze it?

Heat transfer processes

+ Conduction - Where molecules transfer anergy by coming
into contact with one another.

+« Convection - Whers a fluid moves from one place to
another. carrying 1t's heat energy with it
— In atmoespheric wcience, comvection is gsnally aszoctated with
vertical movement of the fhaid (2ir ar water).

— Advection is the kerizental component of the classical meaning of
convection

+ Radiation - The transfer of heat by radiahon does not
require contact between the bodies exchanging heat, nor
does 1t require 2 flmd betwaen tham.

Important thermodynamic concepts
Adiabatic temperature change

sAdiabatic process:

When a2 matenal changes itz physical state, such as its
temperature, without amy heat bemng added to 1t or subtracted
from it

sExampls:

a} Fisimg arr cools; sinking air warms

(not to be confused with: &) convection).
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Other important thermodyvnamic concepts

Heat capacity:

amount of heat added to a substance
changs 1n temperature

(2.2, water has a higher heat capacity than air)

Sencibls heat-
The heat that can be measured by a thermometer.

Latent heat:
Heat required to change a substance from one state
to another.

(2.g., heat can be added removed from a substance
without itz temperatmre changing)

Water phase changes




