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Gas Symbol I':’If;rceﬁnitr e ?aa :d Particles) Symbol r ;;ctf:tlu me) aaiﬂisoﬁe;ppm}*
Nitrogen N 78.08 Water vapor H.0 Dtod

Oxygen 0, 20.95 Carbon dioxide CO, 0.038 385

Argon Ar 0.93 Methane CH, 0.00017 1.7

Neon Ne 0.0018 Nitrous oxide N0 0.00003 0.3

Helium He 0.0005 Ozone 0, 0.000004 0.04%
Hydrogen Ha 0.00006 Particles (dust, soot, etc.) 0.000001 0.01-0.15
Xenon Xe 0.000009 Chlorofluorocarbons (CFCs) 0.00000002 0.0002

*For CO,, 385 parts per million means that out of every million air molecules, 385 are CQO, molecules.
tStratospheric values at altitudes between 11 km and 50 km are about 5to 12 ppm.
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DIAMETER AVERAGE DISTAMCE FROM SUN  AVERAGE SURFACE TEMPERATURE  MAIN ATMOSPHERIC COMPOMNENTS

Kilometers Millions of Kilometers “C EE
Sun 1,392 X 10° 5,800 10,500 =
Mercury 4,880 58 260% 500 -
Venus 12,112 108 480 900 co,
Earth 12,742 150 15 59 N, Oy
Mars 6,800 228 —60 —76 €0,
Jupiter 143,000 778 =110 —166 H;, He
Saturn 121,000 1,427 —-190 -310 H;, He
Uranus 51,800 2,860 =215 —355 H,, CH,
Neptune 49,000 4,498 =125 =373 N, CH,
Pluto 3,100 5,900 =135 =391 CH,

“Sunlit side.
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1.1 WawU (Energy)

- anuEansalumsinnuvesingluene

(a) Cold air (b) Warm air

- Wasudng (Potential Energy : PE) iundsnuiiazanluing
PE = mgh (m = 1@ , g = ussregavadlan , h = g
- wasua (Kinetic Energy : KE) iundsnuildlumsindeuiivasing

1 4 4 y
KE = EmVZ(m =178,V = mmﬁ’ﬂumimaaumaqmq)

- wdsmungly mnedandanudndsiuiundsnuaaluing
1.2 gaungil (Heat)
wsnuitdsiumnninguisluidningril Sudusmnannmsunansinwesgamgiseingdng
dgmmasnuauFeull 3 35 laua msthenuseu nswinnuseu warnsudidnuiou
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K °C = °F
373 - - 100 - — 212  Baoiling point of pure water
363 — || — 90 — | — 194 Atsea level
33 — - 80 - | — 176
343 — 7 — 158  58°C(136°F) Highest
temperature recorded in
333 = || = 60 = | = 140 g world. £l Azizia, Libya,
403" o 50 iy - 122  September, 1922
3183 = | = 40 - — 104 Ahotday
Average body temperature
303 - - 30 - — 86 37°C (986°F)
293 —dal— 20 —ilat— 68
283 — § — 10 -8 — 50
273 - - 0 - — 32  Freezing (melting) point
263 — e = A of water (ice) at sea level
253 o0 i 4
243 — § —--30 — § - 22 Abitter cold day
233 — § —-40 — § — -40
223 — § —-50 — § — -58
213 — § —-60 — § — -76
203 - - =70 — - -84
193 — § —-80 — § —-112  —BY°C (-129°F) Lowest
temperature recorded in
183~ —~90 —ijg}—-130 the world, Vostok, Antarctica,
173 - —100 = — =148  July, 1983

(%

- anudoudnizdiuauTeuviliing Uwvin 1 nfu doamgiiviudy 1°C

SPECIFIC HEAT

SUBSTANCE (Callg * °C) 1iikg % *C)
Water (pure) 1.00 4186
Wet mud .60 2512
lce (0°C) 0.50 2093
Sandy clay 0.33 1381
Dry air (sea level) 0.24 1005
Quartz sand 0.19 795
Granite 0.1% 794

- ANUTBULEN (Latent heat) AB WAIITUANULSDUNABINSUALUANUL AANTINFD UL U
B nanug il

ANUSBULENNTTIEME 600 WARBI/NSU AINUSBULENNTTAYANY 80 WAABS/NTU
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HEAT ENERGY TAKEN FROM ENVIRONMENT

’ Sublimation

T e
Melting Evaporation

HEAT ENERGY RELEASED TO ENVIRONMENT

e

ASeudUlE (Sensible heat) nasnuauiounsdnuazanunsainmemesluinesia

1.3 nsdsuAusauluussene

nsiANSaU PFuFnaInRRfudNUAINSau nSauluiu
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HEAT CONDUCTIVITY

SUBSTAMCE (Wattst per meter per *C)
Still air 0.023 (at 20°C)
Wood 0.08

Dry soil 0.25

Water 0.60 (at 20°C)
Snow 0.63

Wet soil 21

lce 21

Sandstone 2.6

Granite 2.7

Iron 80

Silver 427

*Heat (thermal} conductivity describes a substance's ability to conduct
heat s a consequence of maolecular motion,
TA watt (W) isa unit of power where one watt equals one joule (]) per
second ([/s). One joule equals 0.24 calories.

- MISWIANUSDU NI5LARB UV NAAEIUAUSDY UTENBUAILNISNIAINLSDUNIISERY

LAZNI9AY

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

Parcel of air

\
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TYPE OF RELATIVE TYPICAL
RADIATION WAVELENGTH WAVELENGTH
(meters)

Wavelength

AM radio waves
Television waves
Microwaves
Infrared waves
Visible light
Ultraviolet waves

X rays

AMSESIAAINNSaU NMsdsHIuAILSaulagludifinana

Radiant energy

ENERGY CARRIED
PER WAVE OR
PHOTON

Increasing
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Absorption and emission
of infrared radiation
Solar radiation Latent heat released by H,0 and CO,
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1.4 $98AUT0UNADTMAY (Incoming Solar Radiation)

= o

ARUEU WEIUEe Uazinnsvuiuussennelan
AAUAWYIYY AnAuiuAuA1 1.367 Aladnddenisauns 13und1 Solar Constant
NNINTTAYVBIAAUA UL ONTETNUNUAY 158771 scattering
v 4 & oA X a a ! .
- msdzviouvoInaudullonIENUNUAY 15831 Reflection

- S URSNINIEIUNTTALIDUVDIPAUAURDNITNTLNUVURINY 138077 Albedo

Outgoing IR energy Outgoing IR energy
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1.5 auganaanuauiouvadlan

Sunlight

Air molecule
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Sunlight ‘/’\.;C
/

.

Cloud droplet

Fresh snow 753to 95
Clouds (thick) 60 to 90
Clouds (thin) 30 to 30
Venus 78

lce 30to 40
Sand 15 to 45
Earth and atmosphere 30
Mars 17
Grassy field 10to 30
Dry, plowed field 5to 20
Water 10%
Forest 3to 10
Moon 7

*Daily average.
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Top of atmesphere

19 absorbed
by atmosphere
and clouds

Radiant Energy

in One Year
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Earth
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Excited state Light (photon)

\ Charged particle

'y
® “Electron
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High sun

Low sun

Autumnal equinox,
September 22

Winter solstice, z == Summer solstice,
December 21 = June 21

6612° (Arctic Circle)

Earth’s orbit

\e Vernal equinox,
March 20
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- Summer solstice : 21 June wataINANBIRRGIYNARIN axfgn 23.5°N 1TuTusuduy
1% = =)
goseuludinlanmile
- Auturnnal (fall) equinox : 22 September a191nATIRgYIYURIRIN equator LU
Susuggldlusg
- Winter solstice : 21 December Ua39MnA@ngviyuAIn axfign 66.5°5 10wy
a v = =
Suaugaruludnianinie
- Vernal (spring) equinox : 20 March asa1naase1iinedviyusisain equator 1uiuisusu

gabilund

Jun, o

June

Equinox W

E

(d) Tropic of Cancer, 2312’ N (e) Equator, 0° (f) Tropic of Capricorn, 2312°S

September 22

/'_G-

179 days December 21

N

March 20
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Daily temperature
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Altitude (ft)

1 1
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profile
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Longitude

nswWisunlasgamgilunieis

300 17°

g,

18.5°

Altitude (m)

100 19.8°

0 21°

Daily

e Daily Daily

(C)  range(<C)  minimum (°C)
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IR radiation

Cooler day . ner nig = i~ e

(a) Small daily temperature range

a ! v 1

IR radiation

Cooler night

1.4 anmgaumnInamansEnuiusNNIeuyydilasuUNaNIENUINDINIANUT

Y

TABLE 3.4 Wind-Chill Equivalent Temperature (°C)*

AIR TEMPERATURE (*C)

Galm 10 5 0 =4 =10 =il =20
10 8.6 2.7 =33 =4 =153 =211 =27
15 7.9 1.7 —4.4 =106 -16.7 =229 | =19

= X 7.4 1.1 =5.2 =116 =179 -242  -=30.

s

E 5 6.9 0.5 =5.9 —-12.3 -188 -3252 =3l

=

E 30 6.6 0.1 —=6.5 =13.0 =195 -26.0 =32

=

?} 35 6.3 —0.4 =70 =136 -202 -—-268 =33

% 40 6.0 —0.7 —74 —141 -20.8 -—274 | —34.

E 45 5.7 =10 =78 =145 =21.3 -28.0 | =34
30 5.5 =13 -81 =150 -21.8 -—28.6 =35
3% ST =16 —8.5 =153 =222 =291 =36
a0 5.1 —1.8 =88 =157 =220 QEEESEEE=G

*Dark blue shaded areas represent conditions where frostbite occurs in 30 minutes or less.

=25
2 =332
d =352
5 -—36.8
.6 —38.0
b =391
4 —40.0
1 —40.8
8 —41.5
4 —422
0 —42.8
S =434

vvvvvv

=392
—41.4
—43.1
—44.5
—45.6
—46.6
—47.5
—48.3
—49.0
—49.7
=30.3

=35

—45.1
—47.6
—49.4
—=50.9
—=52.1
=Rk
—54.2
—55.1
—55.8
—56.6
=5k

=511
=351.6
—35.7
—57.3
—38.7
—39.8
—60.9
—6L.8
—62.7
—63.4
—64.2

=45

=57.1
—dh]
—62.0
—63.7
—65.2
—66.4
—67.6
—68.6
—69.5
=70.3
=71.1

-50
- 63.0
—66.1
—68.3
-70.2
—-71.7
-73.1
~74.2
-75.3
-76.3
-77.2

=78.0
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1.1 Jpdnsveaunluussennia

Condensation

Precipitation | ? 'V" hl ﬁ

Transpiration
Evaporation

Hydrogen

Oxygen
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1.2 1195218 N1TDUFN WaNITAIULLY
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e
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Nucleus » o‘
LK
)
Nucleus
(a) Warm Air (b) Cold Air
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1.3 ANUTU

- anNuauysal = 1178984011
U3u19159999101A

Water vapor

.
Nitrogen \ g

a
Oxygen\ .@ aw

Air parcel

Parcel Mass of Absolute
Size H,O Vapor Humidity

2m? 10g 5 gim?

38
o7, \J im' 10g 10 g/m’

~ s = anavedleth
18898 NIAVIALA
~ Mixingrato = _ anavadlein
UIAUDIDINALIAS
Parcel H.O Vapor Humidity

o
o)

€2
5 1kg 1g 1 akg

~ Y
L IO

1kg 19 1 g/kg
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0
60° 50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 60°
*North Latitude °South
- anusuletnduan

(°C) =15 -10° -5° ©0°

Water Vapor Pressure (mb)
8

-

(F) 22 -4 -14 32 50

Temperature
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v 6

- ANMUTUFUINS =  enusuleu ety x 100

AnueulaUdus

RH increases

RH decrea

Temperature
Relative Humidity

Relative humidity
! 1 1

Midnight  6:00 AM. Noon 6:00 PM.  Midnight

)

Outgoing IR energy Qutgoing IR energy Outgeing IR energy
Water vapor

molelcule

AONYY LD I 3
» SRR,

LS s -
. -

umﬁ\bﬂmh»mnubmwmwﬁ &hﬁiﬁhﬁm

Expected minimum temperature, 55°F

Expected minimum temperature, 72°F Expected minimum temperature, 63°F

Dew-point temperature, 70°F Dew-point temperature, 60°F Dew-point temperature, 50°F



34

2
=
E
2 70
:
60
80° 60° 40° 20° O° 20° 40° 60° 80°
North Latitude South
AIR TEMPERATURE \F.:g: F:':EEEI.'[‘HE AlIR TEMFERATURE \F::-IE: FII":-EI:-EI;:'I.'l"lilE
(°C) (°F) (MB) (°C) (°F) (MB)
- 18 (0) 1.5 18 (65) 21.0
=15 (5) 1.9 21 (70) 25.0
-12 (10) 24 24 (75) 29.6
-9 (15) 3.0 27 (80) 35.0
-7 (20) 3.7 29 (83) 41.0
—4 (25) 46 32 (90) 48.1
-1 (30) 5.6 s (95) 56.2
2 (35) 6.9 38 (100) 65.6
4 (40) 8.4 41 (105) 76.2
7 (45) 10.2 43 (110) B7.B
10 (50) 12.3 46 (115) 101.4
13 (55) 14.8 49 (120) 116.8
16 (60) 17.7 52 (125) 1342

*The data in this table can be ohtained in Fig. 4.10 on p. 95 by reading where the air temperature inter-
sects the saturation vapor pressure curve.
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4.4 a1 ANNBUFTNSNAHANTENUABI NS
- Heat index Ao dulifuansgamniivessianielasunansenureigangioiniaias
ANuRudTnsluene

- Heat stroke LAnTuiilaseaneuyedas 41 °C vlvssuunyuislusisnmedumen

Relative Humidity (%)
0 5 10 15 20 26 30 35 40 45 50 S5 60 65 70 75 80 8 90 95 100

A S e S R S S S S S S i S S i S S S S e e
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uni 5

LENYININYDIUTIBINA (Stability of Atmosphere)

1.1 Saulvivihlvulaoiniadsunlasnis.eaoud

.‘;‘\/,ﬁ/' \vi - “\“\W’ :

Stable equilibrium

o A
v N s R

Unstable equilibrium

Altitude (m)
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1.1.1 wedgsnmauysal (Absolute stable)

Altitude (m)

Temperature of
environment (°C)

10 20 30°C

0
32 50 68 6°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 released, the parcel
would return to its original position, the surface.

1000 m

Temperature of
emmggnent (°C)

0 10 20 30°C t
32 50 68 86 °F Temperature of lifted
saturated air (°C)
(moist rate)

(b) Lifted, saturated air at each level is colder and
heavier than the air surrounding it. If released, the
parcel would return to its original position, the surface.
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g

Altitude (m)

8

1.1.2 ldfiadesnin (Unstable)

Temperature of
environment (°C)
< -3 [C o
\ >
diaba
adiabatic ST
rate B
0 o«
| 10°CA1000 m g 10°
- 1o 20
Environmental
lapse rate
11°C/1000 m <
e 30° 805,
0 10 2 30°C T
32 50 68 86 °F 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 released, the

air parcel would
original position.

accelerate upward, away from its

Altitude {(m)

\ Moist -j:¢£"
) adiabatic
2000 |- ¥ rate @
¥ 6°C/1000 m
e
1000 |- ; 100 @8
Environmental
lapse rate :
11°C/1000 m Tyl
0 et
0 10 20 30°C t
32 50 68 86 °F

Temperature of
environment (°C)

Temperature of lifted
saturated air (°C)
(moist rate)

(b) The rising, saturated air parcel at each level is
warmer than its surroundings. If released, it also would
move upward, away from its original position.
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1.1.3 lafiadesamuuuiidouls (Conditional unstable)

LU
32 50 68

e
10 20 30°C 1
B6F  romperature of lifted
unsaturated air (°C)
(dry rate)

(a) The lifted, unsaturated parcel of air at each level is
colder than its surroundings. The atmosphere is stable
with respect to unsaturated, rising air.

% 1 o ®0C 1

S ! 86 °F Temperature of lifted
saturated air (°C)

(moist rate)

(b) The lifted, saturated air parcel at each level is

warmer than its surroundings. The atmosphere is
unstable with respect to saturated. rising air.
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1.2 ANSNORIYDILU

< 150 km >
(b) Lifting along topography

< 1500 km

(d) Lifting along weather fronts

Altitude (m)

35 °C
95 °F

- = — a(Moist rate) - == b (Dryrate)
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Temperature ——
(a) Cumulus humitis (b) Cumulus congestus (c) Cumulonimbus

Altitude (m)

Dew-point
Temperature temperature
(m (1)




Altitude =
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Lee wave cloud
S

Moistar——"  ~\__/ N e

Dry air __,/\_/‘\_’/,

Droplets /Droplets
Moistai_—= /  ~Sdense SEcEiies
Mountain wave cloud

Dry air

Temperature —— Temperature —————>»
(a) Before mixing (b) After mixing
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UNN 6

we1aUIN (Precipitation)

1.1 BUIUMSNAREIALINT

Typical raindrop
2000 pm

Typical
cloud droplet
20 ym

Condensation
nucleus
0.2 pm

Temperature 10°C

Flat water surface Cloud droplet

100.4

—~ 1003

=2

& Cloud droplets grow

O

£ 1002}

2

®

2

o Cloud b,

g 1001 droplets "a’erqr

shrink Oley

100.0

1 2 4 10 20

Droplet diameter (um)
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YUIUN1T Collision and Coalescence process

0.2 0.0000001  0.0000003 Condensation nuclel

20 0.01 0.03 Typical cloud droplet
100 0.27 0.9 Large cloud droplet
200 0.70 2.3 Large cloud droplet or

drizzle
1000 4.0 13.1 Small raindrop
2000 6.5 21.4 Typical raindrop
5000 9.0 29.5 Large raindrop

La}ge cloud
droplet

Small dropl.ets .
captured in
wake Lt

» Small cloud
droplets
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YUIUNIT Bergeron (Ice-crystal)

Temperature —15°C

Maximum difference

0.30 /

0.20

0.10

Vapor pressure difference (mb)

Temperature (°C)
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Water droplet lce crystal
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1.2 91mv94 Precipitation

Column Dendrite

(°c) (°F)
Oto —4 32 to 25 Thin plates
=410 =6 25to 21 Meedles
=6to =10 21to 14 Columns
=10to —12 14 to 10 Plates
=12to —16 10to 3 Dendrites, plates
—16ta —22 Ito —B Plates
=22 to —40 =& to —40 Hollow columns

*Maote that at each temperature, the type of crystal that forms (e.g., hol-
low columns versus solid columns) will depend an the ditferencein satu-
ration vapor pressure between ice and supercooled water.
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Nimbostratus cloud -

Vertical
temperature
pre le

"""" W s N

Above no e melts

freezing ‘ Raindrop

e e e e e o 0°C

Deep ©  Raindrop freezes

freezing Nj Griibesi s

layer Sleet AN

-4 0 4
Temperature, °C




Freezing
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Freezing

cold 0°C warm cold 0°C warm cold 0°C warm
(b) Sleet (c) Freezing rain (d) Rain

Temperature (°C)

0°C - -\ == A e Freezing level

Updrafts
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unin 7

AUNADINTALLAS AU

WARM
Air column 2

Air column 1

:

City 1 (b) City 2 City 1 (c) City 2
Same pressure Same pressure  Surface pressure rises  Surface pressure falls

Air column 2

City 1 City 2
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Millibars

10:00 Am. 4:00 P\, 10:00 .M. 4:00 AM.
Sea-level pressure changes in middle latitudes on a given day

Millibars

10:00 AM. 4:00 p.M. 10:00 P.M. 4:00 Am.
Average sea-level pressure changes in the tropics

1084 mb (32.01 in.) Highest recorded

sea-level pressure: Agata, Siberia
<— (December, 1268) '

1064 mb (31.42 in.) Highest recorded
-« sea-level pressure in the continental

United States (excluding Alaska):

Miles City, Montana (December, 1983)

< Strong high-pressure system

- 1013.25 mb (29.92 in.) Standard
sea-level pressure

< Deep low-pressure system

Hurricane Katrina during landfall
920 mb (27.17 in.)

<« 882 mb ( 26.04 in.) Hurricane Wilma
(October, 2005)

<—— B70 mb (25,70 in.) Lowest recorded
sea-level pressure: Typhoon Tip
(October, 1979)

58388825888885888288888588583°2
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Diagram (a)
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- 36,000 ft

Constant
height
(5,600 m)

18,400 ft
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APPROXIMATE ELEVATION

ISOBARIC SURFACE
CHARTS

(MB)




59

C. ;

o ¢
(b) Upper-air map (

s00mb)

e FIGURE 2

An aircraft flying along
a surface of constant
pressure (orange line}
may change altitude as
the air temperature
changes. Without
being corrected for the
temperature change, a
pressure altimeter will
continue to read the
sme elevation,
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TANK A TANK B

Higher pressure  Net force Lower pressure

MAP VIEW

Scale (km)
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0.30

025~

020

Coriolis Force

0.10

0.05

0.15

10 Knots

0 15 30 45 60 75 90

Latitude®

(a)

Large
" deviation

e | No
_‘._/—"’
e ,:)' deviation
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(a) Isobar or contour pattern

(b) Wind pattern
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Isobars

(a) Northern Hemisphere (b) Southern Hemisphere
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Northern Hemisphere

e FIGURE 8.33 (a)Inthe Northern Hemisphere, if you
gand with the wind aloft at your back, lower pressure aloft will
be to your left and higher pressure to your right. (b) At the
surface, the center of lowest pressure will be to your left if, with
your back to the surface wind, you turn clockwise about 30°,

(b) Surface wind
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