


Mechanical Equilibrium . l

e Equilibrium. Definition:
¢ The body is at rest

¢ The sum of all forces acting on the
body is zero.

® Types of equilibrium:

¢ Stable equilibrium: after a small
displacement the body returns to
its original equilibrium position.

¢ Unstable equilibrium: after a small
displacement the body does not
return to the original equilibrium
position and moves to a new
equilibrium position.

¢ Neutral equilibrium: after a
displacement the body remains in
the displaced position.




Stable equilibrium

Examples of mechanical
equilibrium




The principle of hot air balloon flight

/

Hot air rises in cooler air




Adiabatic cooling/heating

® Ascending motion: the parcel
of air expands, does work on

the rest of the atmosphere ,/
and cools down. s000 B 10°C >
e Descending motion: the air T l
parcel compresses, work is - :
done on the air parcel and it o Expands y Compresses
. 20°C
warms up. 2 1000 — cools D warms
<C

® Adiabatic process: no heat is
exchanged between the air
parcel and the rest of the 0
atmosphere
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Adiabatic lapse rates

e Adiabatic lapse rate: the rate of Uit el 8
change of the temperature of a |
rising (sinking) air parcel with 3000 < -
altitude as a result of adiabatic % ke B
expansion (compression). . 1000 Wy

= 2000 — V. / 22° el

® Dry adiabatic lapse rate: the air - '\

parcel is unsaturated (RH<100%), < ~ I o)
. . 1000 — Dy, S 20%
(otherwise condensation, latent ad';?;?:*E\L
heat, see below) 10°C1000m ) . GO
¢ For the Earth: 10 deg C/km. Ly . \
* FOI" JuplTer'- 2 deg C/km = o8 e Temperature of lifted

unsaturated air (°C)
{dry rate)

(a) Lifted, unsaturated air at each level is colder and

® EnVironmental |apSe r'ClTeZ The heavier than the air around it. It given the chance, the
GCTUGI I"Cl'l'e of Change Of .l_he parcel would return to its ariginal position, the surface.
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Moist adiabatic lapse rate

lermperature of

® A rising air parcel is cooling -> environment (‘C)
its RH increases -> air becomes g =— 4‘{_ - 00
saTur‘aTed -> Condensa-hon -> il ) Enyi:’DnmenTa;B @/I'
. X - Al
latent heat released -> partially I i
offsets the cooling effect - ¥ '*'fj“ﬂ“m i “~
E ‘ :
Lt i \ |
. . . =R \ '
® Moist adiabatic lapse rate: the : v 2
adiabatic lapse rate for saturated = = oq % @
air. It is the result of two FLIEbE. " o
competing effects: | D\..t
. . 6°C/1000 m i
® Cooling due to expansion 4 . . e @ 3%
¢ Heating due to condensation 2 50 68 86F b
¢ Cooling wins, but the resulting eaturoted ait (°C)
lapse rate is less than for dry (peisioain)
Gir' (b -:_fted, ﬂa!uram_d air at em_:h ;w_ﬂmrmn is colder and
heavier than the air surrounding it. If released, the
¢ For. The Ear.Th: ~ 6 deg C/km parcel would return to its original position, the surface

¢ Tt depends on temperature
and moisture content.



o JABLE 6.1

The Moist Adiabatic Rate for Different Temperatures
and Pressures in °C/1000 m and °F/1000 ft

PRESSURE
(MB)

1000
300
600
400

200

@ 2007 Thomszon Higher Education

—40

95
94
D0
9.1

3.6

TEMPERATURE

(°C)

—20 0 20 40

8.6 64 43 3.0
83 6.0 3.9
7.9 54

7.3

—40

5.2
2.2
5.1
5.0

4.7

TEMPERATURE
(°F)

-5 30 65 100
4.7 35 24 1.6

4.6 33 2.2
4.4 3.0

4.0



Dry versus moist adiabatic rate

® The moist adiabatic rate is always less than the dry rate

Temperature of

environment (°C)

¢ =
a8
3[:":]{} = 18= 0° Tl
\ Environmental e
> lapse rate Kl
N 4°C/1000 m '”l%m
= 2000 — 5 22w
g ‘\ :II "
3 % =
= . f'\'!“?73&*'::.
<L % : %II
1000 — Dry v 26 2007
adiabatic ‘\ e
rate \.: il
10°C/1000 m * i -“'E:?K_'
0 l R 300 907 Y
0 10 20 a0°C f
32 50 68 86°F

Temperature of lifted
unsaturated air (°C)
{dry rate)

(a) Lifted, unsaturated air at each level is colder and
heavier than the air around it. If given the chance, the

parcel would return to its ariginal position, the surface.
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Altitude (m)

Temperature of

3000 A 18°
"‘ Environmental
\ lapse rate
A 1
\ A4°C000 m
) 29¢
2000 — ) /
1
\
L 1
v
- Moist °6° £
1 Ak
ok adiabatic Py
raie\:‘ v
B2CH1000 m A-:}a‘—
0 | | s @ %
0 10 20 30°C f
32 50 68 86°F

{moist rate)

(b) Lifted, saturated air at each position is colder and
heavier than the air surrounding it. If released, the

parcel would return to its original position, the surface,

Temperature of lifted
saturated air ("C)



Where are we going from here?

® Consider the three (5?)
distinct possibilities for
the environmental lapse
rate (not shown)

® In order to determine
the stability of the
atmosphere, think what
happens to a rising air
parcel.

® If the parcel is colder
(warmer) than the
environment it wants to
go down (up)

Altitude

Conditionally 4

unstable \ \\ /

atmosphee

Absolutely unstable
atmosphee

Low
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Absolutely
stable
atmosphee

N A
Dry §

Moist
adiabatic

adiabatic \ \ rate

Temperatue

rate My
“
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Absolutely stable atmosphere

® The environmental lapse rate is Moist adiabatic  Tomperatreol
less than both the moist and the e ™

dry adiabaTiC Iapse r'a.res' R \\\ {ff'wirorsmentalml. | C’,\hrl
® Why is the atmosphere stable? O

lapse rate
L. . . . 2000 — "‘
® The rising (sinking) air parcel

is colder (warmer) than its N,

. adiabatic ¥\
surroundings. AN
10°CH000 m »

¢ The rising (sinking) air parcel o

0 10 20 30°C

| " | : 2 50 s 86° f
is heavier (lighter) than its EEE T e o
surroundings. (ryvata

(a) Lifted, unsaturated air at each level is colder and

4°C/1000 m S

o =

- f— =

Altitude (m)
-
-

g0 N0

30°

heavier than the air around it. If given the chance, the

’ The par'cel of air' moves back parcel would return to its original position, the surface.
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Absolutely stable atmosphere

14°C
oa o 1000 m
e Favorable conditions:

¢ Temperature inversions:
warm air above cold air.

¢ Small environmental lapse

rate g
. . vi Envi |
* Heating the air aloft. e e
Cooli h ir bel 6°C/1000 m 2°C/1000 m - .gﬂggé
° ; .
oo.mg the air Delow . e f e g air
radiational cooling; cold T— T—
advection; air moving @) (b)

over a cold surface

e Observed phenomena: fog,
haze.

e When forced to rise, stable air
spreads out horizontally: clouds
form in thin layers with flat
tops and bases




Absolutely unstable atmosphere

® The environmental lapse rate is
larger than both the dry and
the moist adiabatic lapse rates.

® Why is the air unstable?
¢ The rising (sinking) air
parcel is warmer (colder)
than its surroundings.
¢ The rising (sinking) air
parcel is lighter (heavier)
than its surroundings.

® The parcel of air keeps
moving...

Temperature of
Moist adiabatic =nvironment (“C)

rate 6C/1000 m l B
3000 7\ ¥ o
\ Dry vt
A \adiabatic '
2 \ rate K8
v 105C/1000m : o
2000 — N\ v 8 T /ﬁi—.
S \ =
2 \ RS
% ,}7-::.:'
1000 — o \ 9% @i
Environmental \, | \ Gy
lapse rate d
11°C/1000m
0 ; | ae 8% O
0 10 20 30°C
32 50 68 86°F T

Temperature of lifted
unsaturated air (C*)
(dry rate)
{a} The rising, unsaturated air parcel at each level
is warmer and lighter than the air around it. If given
the chance, the air parcel would accelerate away
from its original position.
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Absolutely unstable atmosphere

e Favorable conditions:
¢ Large environmental lapse rate

e Cooling the air aloft: cold
winds, cloud IR radiation

e Heating the air below: solar
heating; warm air advection;
wind over a warm surface,
forest fires

14
1000 m ¢

Colder
air
aloft

Environmental
lapse rate
6°C/1000 m

Environmental
lapse rate

‘Warmer
~ surface

yoo e
20°C 22°6
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Conditionally unstable atmosphere

® The environmental lapse rate is smaller than the dry but
larger than the moist adiabatic lapse rate.

Altitudde {m)

Temperature of
enviranment (*C)

\
— Environmental . . %
3000 lapse rate 4 0%
' j
o ,/ 7°C/1000 m '
‘
2000 — 3 8% qgarss
% I| i
%
1000 — Dry s £i, EG”i
adiabatic T
rate
10°C/1000m
0 | | 3ge 807 “5

G 10 =0 30°C
32 50 68 86°F T
Temperature of lifted
unsaturated air (*C)

{dry rate)

ia) The unsaturated parcel of air at each elevation
is colder than its surroundings. The atmosphere is
stable with respect to unsaturated, rising air.

Altitucte (m)

2000 —

1000 —

0

Temperature of
environment (°C)

i Moist

\ adiabatic
! rate

L

‘t 6°CHO00m 167

Environmental
lapse rate

7°CM000 m

| | 307 ét:@ @
0 10 20 30°C i

32 50 68  86°F [
Temperature of lifted
saturated air ("C)
{moist rate)

(b) The lifted, saturated air parcel is warmer at each
elevation than its surrcundings. The atmosphere is
unstable with respect to saturated, rising air.



Neutral Stability

® Dry air is neutrally stable if:

¢ the environmental lapse rate is e
equal to the dry adiabatic lapse

o
o)
4 0 /‘&\'—I-

& 0% 41

1'-.fir{}rmrenta|.
lapse rate

r‘a.l-e. m T
- 2000 — Y 20 =
® Saturated air is neutrally stable if: = 50 @ %

. R adiabatic 4

¢ The environmental lapse rate is e\ :
. 10°C/1000 m . ASe
equal TO The mO|ST lapse r'GTe. 0 | | 3ge B0 ¢

0 10 20 30°C *
32 50 68 86°F

Temperature of lifted
unsaturated air (°C)

® Rising air cools of f exactly at the

(a) Lifted, unsaturated air at each level is colder and

! . heavier than the air around it. If given the chance, the
same rate as the surrounding air.

parcel would return to its original position, the surface.

The air' par‘cel Will nei'rher' Tend ® 2007 Thomson Higher Education

to rise nor tend to sink if left on
Its own



Summary chart - air stability
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Air_Stability During the Day

® The stability of the atmosphere varies with time
® In the early morning: 3

¢ Radiative cooling of the ground (T inversion)

¢ The atmosphere is stable.

® Fog, haze or stratus clouds are typically vens opein
observed.

® In the afternoon:

¢ The ground reaches maximum temperature.

¢ The air above becomes unstable.

® The air is convective and moist air rises.

¢ Late afternoon cumulus clouds are formed
and thunderstorms develop.

Cumulus congestus



