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undi 1
Tanuazussennied (Atmospheric Physics)

Adndusseand (Atmospheric Physics)

msEnwusngnsalluussemeavestan Taeld3wnAEnduiesuie msausngnisaiva iy
u msAsuasamivesiuussonamuanugs Mainme madaveeinin Mafnuading
Tuvsserna udu venand galfiduiiugmlunsinvuuudians (mode) Tumagniesive uas
QieNA g

1.1 ussenievedlan

$nsmaUszneusie nuandwuau uiaznuandussneutusisanisne duiududs

psnvariiinudeugann iesanUszneudengufeiiingsu innnnisvasulelasaudy
fidelndrudnaninmsenfindveasniunnieguinavouresniuandnistiaion Saniasziiu
Usnsvyusau 8 m @wsuaamgls Jagdugndalumuesziuase) uonINHETinmg 2NN
uazPATELATELY agluszuuaies
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1.2 dUsEnauveusseIne
omaivielanduiisulaguiuasuinalndinlansgyszneudie Tulnasiau 73 %
oondiau 21% laUSinesueseniausi wazavasiiluaufssziuangs 80 nu. (50lud) fifalan A
aunavesfineigg fifndusazanelufintunaonam wu felulssaulueniagniiluldlusuiunis
IAvevesuuaideluiu wargnunasmoulubmzmiidudnemsluinddenslunsa Tulpsay
gnwanandulingussenalagnsiinamevesiivwaydn

Gas Symbol E:;cmtr Tt ({jaa:d Particles) Symbal r ;;c%tlume} m“isoga;ppm}'
Nitrogen I 78.08 Water vapor H.0 Otod

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 D.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

*Far CO,, 385 parts per million means that out of every million air molecules, 385 are CO, molecules.

fStratospheric values at altitudes between 11 km and 50 km are about 5 to 12 ppm.

sondiauluomaaaeilanssudaiuiwdy iliAneenled wazgmirlulduuuns
mela neliiinfiwarsveulaeenlen sandlaulusiniAansuiun1sdunsiginaseiy tnglduas
sffumsusulnoonlesiayin intmaLareendLau

lotnluomaiinisiasuulasmuanuiiseluandeu lethenadivsunade 4% lu
USTNMIALALT Tlaneafivsinaniisadnioslsids 1% levrlueneansaveadiuiionduilu
NeALN
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- Tenluene (H,0) WagukUaswmuan 1Ly 910 0-4 % Wiaaguaniugenatin1sang

ALTBUUAY Y150 AAINHTOULAS
- ensuaulesenlust (Co,) HogflusniAidniion 0.038 % uazazanluummayns Usana

50 Wi Tuussenadufwsounszanyinlilansau
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Ozone (Dobson Units)

"3

200 300

I A [y v < Y
- auAluUTIEINIA (aerosol) wadu wande Ay gl Wunnunaslumsndusiuay
nsiadanzluussene




89

DIAMETER AVERAGE DISTAMCE FROM SUN  AVERAGE SURFACE TEMPERATURE  MAIN ATMOSPHERIC COMPOMNENTS

Kilometers Millions of Kilometers = °F
Sun 1,392 X 10° 5,800 10,500 =
Mercury 4,880 58 260¢ 500 —
Venus 12,112 108 480 900 Qo,
Earth 12,742 150 15 E] N, 0,
Mars 6,800 228 —60 —76 C0,
Jupiter 143,000 778 =110 =166 H., He
Saturn 121,000 1,427 —190 —310 H;, He
Uranus 51,800 2,869 =215 =355 H;, CH,
Neptune 49,000 4,498 -235 =373 N;, CH,
Pluto 3,100 35,500 =135 =351 CH,

*Sunlit side.

1.3 1593 190RUTIUINA
- mammmﬂ?{suuﬂaaqmuqﬁ dnlsenauveding AuauURvesUsygliin
thwifn = 178 x ussRsgAvedlan
AUV = 308
Y3na
Pl = w3t awiunesgiufissdutmes 14.7 Yeudsenisnsi

Audn
PUIAIUAY Mb , hPa

Air iy
molecules ——»

Altitude (km)——>

“

Increasing—s»

- ANUNAVTIYINIFINTFIUNTEAUUMEZ 1013.25 hPa , 29.92 in.Hg
- AVIUFUVBIVTIEING AD UIINTEVIFBNUEIVWIA 1 M1519MUIE AUAUUTIEINIARASS
Wogavululuussenie uastiaduidlonnassn



ussenesuinsluadles DUNNIANAINNUAINES Lapse rate (2%/ 1,0009m)

Altitude (mi)
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10 100 300 500
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Above 99.9%

Altitude (km)

0
700 900 1000

%uiwﬂwwaa ammmm*vl Isothermal e Jet stream U3tail
UIENNAT Mesosphere 9auLaNAIMINAIINES

UIIIINATY Thermosphere QmwgﬁLﬂmmmmqmaaaﬂlﬂﬁEJﬂ Exosphere

Altitude (km)

120

110

100§

Qzone
Maximum

-148 -112 -76

- - Sliratopause - -

40

far e =30
/

STRATOSPHERE i

100 mb ~§lo]

-40

0.001 mb -

RMOSPHERE

0.01 mb -

MESOSPHERE

- -

40
104

-20 0 20
32 68

Temperature

Altitude (mi)
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- lonosphere LHutulszgluiiluussemeUsznaudae D, E , F
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AUSaU

1.1 W91 (Energy)
- awEuseunsiheesinglueinia

(a) Cold air (b) Warm air

- WasAng (Potential Energy : PE) lumasuitazanluing
PE=m¢h(m=33a,¢= Lmﬁq@maﬂaﬂ , h = Augs)
- waaeuaal (Kinetic Energy : KE) iundsnudildlunisindeuiivesing

1 4 4 o
KE = Emv2 (m=u@,v = mmL%f[,umsmaaumaqmq)

- ndsunely vnefamdanudndnuiundsnuaailuing
1.2 gaunqil (Heat)

- ndanuiidshuaningrilduddninguils Sudusananmsunnsinsesgumgiisying
gl

- fgwmasnuausoudl 3 35 lawd mahenuseu MIameuseu waensuissEnIY
Jou

- AnavesRanil wawea Wusuled waiu vise samauysal

- Audesmanysal vnefi oxseunarlinanasziidnundsnusign Fdliansaviliing

Uil
°C=5 (°F-32)
9

K=°C+ 273
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K °C A °F
373 - - 100 - — 212  Baoiling point of pure water
363 — |l — 90 — | — 104 at sea level
|
363 —||— 80 — | & 176
343 — o 7 — 158 58°C(136°F) Highest
temperature recorded in
333 = || = 60 = | = 140 g world. El Azizia, Libya,
323 - s 50} - 122  September, 1922
313 - - 40 - — 104 Ahotday
Average body temperature
303 - ‘ - 30 - - 86 37°C (98.6°F)
293 —dal— 20 —ilat— 68
283 — § — 10 -3 - 50
273 - - 0 - — 32  Freezing (melting) point
263 — 10 - - of water (ice) at sea level
253 o0 -l -4
243 - § —--30 — § - 22 Abitter cold day
233 — § —-40 — § — -40
223 — § —-50 — § — -58
213 - —~60 — - -76
203 - - =70 — - -84
193 - --80 — - =112 -89°C (-129°F) Lowest
temperature recorded in
183 — g —-90 — i = -130 o vorid, Vostok, Antarctica,
173 - —100 — — =148  July. 1983

¥ '
a a

- AnuFeuT NIz T IUANSauTYI T Ing Wniln 1 nSu daaumiiiinay 1°C

Y

SPECIFIC HEAT

SUBSTAMNCE (Callg X *C) Jiikg % =C)
Water pure) 1.00 4186
Wet mud .60 2512
Ice (0°C) 0.50 2093
Sandy clay 0.33 1381
Dry air (sea level) 0.24 1005
Quartz sand 0.19 795
Granite 0.19 794

- AUSaULA (Latent heat) A NAYIUAINUSDUNADINISUAS LA UL AENTINNED U
) o a %
palUgID nanuenils
- AUSOULRINITIEME 600 LAADI/NSU ANUSDULENITAZANY 80 WARDI/NTY
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HEAT ENERGY TAKEN FROM ENVIRONMENT

/ Sublimation

Melting Evaporation y

HEAT ENERGY RELEASED TO ENVIRONMENT

e

- TN (Sensible heat) WasuANSaUNIAnLazamsaIanemeslulivesla

1.3 mMsdseuAusauluussene
- mMsihenuseu endumnanfntudsinuausau 3nSauluiiiy
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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.

- NISWIANNNSRU NSLAARUNURY I AAIUAINNSDY UTENBUAIENITNIAININSUNIY
LAY LATINNAY

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

Parcel of air

\




96

TYPE OF RELATIVE TYPICAL ENERGY CARRIED
RADIATION WAVELENGTH WAVELENGTH PER WAVE OR
(meters) PHOTON

vavelength Increasing
AM radio waves

Television waves

Microwaves

Infrared waves

Visible light

Ultraviolet waves

X rays

- ASRRSIEANNSDU NsdsuANSaulagllTFnas

Radiant energy

Absorption and emission

of infrared radiation
Solar radiation Latent heat released by H,0 and CO,

.Conduction' ¥ 4 i Ay .3
tily | f Eabill !

-
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LUdussene
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1.4 %’a%mm%’aumﬂm&mﬁmﬂ (Incoming Solar Radiation)
- ﬂauau wawum LL@”@Jﬂ’lislmﬂUUiimmﬁIaﬂ
- ﬂauaumm mmﬂﬂuwumumm 1 367 AlaTnARERI519UAS 158n31 Solar Constant
- msnsvanevesnauduiionsenuiiuiu Benin scattering
- msazviouvesrauduiiensemuiiufu 3endn Reflection
_ Wedudsnsidunisasiouresraudusonsnsenuuuiany Senn Albedo

Outgoing IR energy Outgoing IR energy

(a) thoul greenhouse gases ’ (b) With areenhouse gases
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1.5 aunandsnuaiusauvestan

Sunlight

Air molecule




Fresh snow
Clouds (thick)
Clouds ithin)
Venus

lce

Sand

Earth and atmosphere
Mars

Grassy field

Dry, plowed field
Water

Forest

Moon

*Daily average.

100

Cloud droplet

75to 95
60 to 90

I0to 5

¥}
=

78

30 to 40

15to 45

30

17

10ta 30

S5to 20



Radiant Energy

in One Year
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1.6 DUNIAIINANDTINE Wazuanilowasls
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Excited state Light {photon)

\ Charged particle

L
® “Electron
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1.1 g9nna
- 1AnNtanlARTTaUANDNNY SAT 150 Aunlawums (93 anulud)

|
.4;, 147 million km ¥>‘<— 152 million km

High sun

Low sun

Autumnal equinox,
September 22

Winter solstice, | < % Summer solstice,
December 21 June 21

66%2° (Arctic Circle)

Earth’s orbit

Vernal equinox,
March 20
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- Summer solstice : 21 June LLaamﬂmae’]ﬁmﬁﬁmméﬁmﬂ azfyn 23.5°N uSuEudy
gafeuludnlanmile

- Autumnal (fall) equinox : 22 September L.meﬂmqmﬁméﬁmu&y’mrm equator Uy
Fusudungliflusa

- Winter solstice : 21 December wa49InA9@1ARGYIYUAIRIN axFign 66.5°S Wuiu
Susugguualugnlanivile

- Vernal (spring) equinox : 20 March LLaamﬂmamﬁméﬁmuﬁamﬂ equator \JuIu
Suduggldlund

Jun,
June &

&
Equinox )

E

g
m (S
2/ £/ &
ke o3 % = ) £
) = > S $ I
%, - g A B
%, _AW 3
em*?w —N ~N
santnt A e 76 e
- SR S
/ / /
E E
(d) Tropic of Cancer, 23'2 N (e) Equator, 0°

(f) Tropic of Capricorn, 2312°S

September 22

/—— &
179 days

December 21

June 21
\_/ e

March 20
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[y

1.2 MmsidguuUasgamgiuse i
- IANaIY

Altitude (m)
Altitude (ft)

Temperature
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Daily temperature

Temperature —>

e
Incoming solar energy Incoming energy
equals

utgoing energy

earth energy

|
|
I
|
|
Outgoing :
I
I
I

Energy rate —>

12 2 4 6 8 10ONoon 2 4 6 8 10 12

Time
Sunrise Sunset

- AINANeAU

Thermometer

Shelter

Air temperature

Temperature




Altitude (ft)

1500

1000

500

Altitude (m)

108

3
2 |
Windy night / E
/ Pt
\\ ‘/,-_\ :S
<
1
0
1 1 1 1 1 [
28 30 32 34 36 38 °F
Temperature

\ Temperature
profile

Below freezing

Above freezing

Below freezing

16-10 -5 0 §5 10 °C
(S A T

0 10 20 30 40 50 °F

E
P
°
2
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Latitude

109

a dl U
- UNNNLUAYULUAINaRAIUY

7 2
g4 E
3 S
2 '2
Z =
2-
0

; 30°‘ 35° : 400 45° °C
50° 60° 70° 80° 90° 100° 110° °F
Temperature

a

1.3 Yademrupunsiudeunlasgamgil

- asﬁgm N19NILANYVBINUAULAS UL ,ﬂssLLauﬂuumaws ,ATNUE

- mswfeuwlasgaumgiuszdru (diumnal variation) fie ANULANAIYBIYNMYIIER

uazgUMHMgAUTEINTU
90

Lonaitude



Latitude

110

Longitude

- Mmswdsuudasgamgilunieds

Y N
| |
{ )
\“_ 4

300 170

200 18.5°

Altitude (m)

=
@
©
S5
<

100 19.5°

0 21°

Daily Daily Daily

maximum (°C)  range (*C)  minimum (°C)
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IR radiation

IR radiation

Cooler day Tl ] e ~ eWarmerday — & Cooler night

(a) Small daily temperature range (b) Large daily temperature range

a |

1.4 anmgaumnInamansznuiusNneuyudilasuNansEnuaINeINIAnuT

Y

TABLE 3.4 Wind-Chill Equivalent Temperature (*C)*
AIR TEMPERATURE (*C)

Calm 10 5 0 =+ =10 =15 =20 =25 =30 =35 =40 =45 =30
10 2.6 B/ =3.3 =4l =153 =21.1 =272 =332 =392 =451 =511 =571 =630
15 7.9 1.7 —4.4 =106 =167 =229 =251 -—351 -—4l4 -—47.6 =51.6 =599 =—66.1

= 2 74 1.1 =5.2 =116 -17.9 -242 -—30.5 -—36.8 —431 -—494 -—557 —62.0 -—68.3

o

E‘ 5 6.9 0.5 =5.9 -123 -188 -252 -316 -380 -—-#45 -509 -573 -—-63.7 -—-70.2

e

E 30 6.6 0.1 —=6.5 =13.0 -195 -260 -—32.6 -—39.1 —456 —52.1 -—-58.7 -—-652 -—71.7

m

E B 6.3 =0.4 =7.0 =136 -202 -—268& =334 —40.0 -—466 -—53.2 -—55.8 -—66.4 =731

E 40 6.0 =0.7 =74 =141 =208 -274 =341 -—-408 -475 =542 -60.9 -—67.6 -—74i.2

§ 4 5.7 =10 —7.8 —-145 -213 -—28.0 —348 -—415 -—483 -551 -—61.8 -—68.6 —753
30 5.5 =13 —8.1 =150 -21.8 -—-286 —354 -—412 —450 -—558 -—-62.7 -—-69.5 -—76.3
3% 5.3 —L6 —8.5 =153 =222 -29.1 -36.0 —428 -—49.7 -56.6 -—-63.4 -—-703 -—=772
&0 ol —18 —8.8 =157 -226 -—-295 -—365 -—434 -—-503 -57.2 -642 -71.1 -—78.0

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

%X v IVRvEY: %X IVRVvRY) %X IVEVEYS v
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Hydrogen

112

Unn 4
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Oxygen

Wind

Transpiration

Condensation
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1.2 ANSIELAY NISDUF AT AITAIULUL

Gas (water vapor) Liquid water Ice

|
-

Nucleus

(a) Warm Air (b) Cold Air
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1.3 ANUTU

- ANUABUANYTD = 1178994011
USu195U9991n16

Water vapor

Nitrogen

Air parcel

Parcel Mass of Absolute
Size H.,O Vapor Humidity
»
e Mg ' 2m? 10g 5 g/m?
& ..A)
o
A 5 '9 Y im? 10g 10 g/m?

1naueslo)
1UIAVBIDINIAVIINUA

1178984011
1178UDIDINIFLLIA

Parcel H.O Vapor Humidity
Q.
3D o ' 1 kg 1g 1gkg
P g
5 9 Y 1kg 1g 1akg

- ANUTUI NN

- Mixing ratio




115

- ausulen

-
@

= — -

Specific Humidity (g/kg)
=3

60° 50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 60°
“North Latitude °South

- Anuauleadus

-16 -10° -5° 0©°

(°C)
90 —

Water Vapor Pressure (mb)
3

(F) -2 -4 -14 32 50 68

Temperature
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E VRV o g &
- ANUTUFUNNT = ANNAULRUNTMETY  x 100

ANUAUlaUDU

H,0

. vapor

RH decrea

A
2
T
o =
= =
] 2
3 2
£ 3 ke
= Relative humidity" K
! 1 |
Midnight 6:00 AM. Noon 6:00 PM.  Midnight

)

Outgoing IR energy Outgoing IR energy Outgoing IR energy

Water vapor
molecule
-~ 4 x . A
YIRS " D . s & e A3 i / ' 5 . S

I YR s . \ -
. -

Expected minimum temperature, 72°F Expected minimum temperature, 63°F Expected minimum temperature, 55°F

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

Relative Humidity (%)

60

80° 60° 40° 20° O° 20° 40° 60° 80°

North Latitude South
SATURATION SATURATION
AIR TEMPERATURE YAPOR PRESSURE AlIR TEMPERATURE YAFOR PRESSURE
(°C) (°F) (MB) (°C) (°F) (MB)
—18 (0) 1.5 18 (65) 21.0
=15 (5) 1.9 21 (70) 25.0
-12 (10) 2.4 24 (75) 29.6
-9 (15) 3.0 27 (80) 35.0
-7 (20) 3.7 29 (85) 410
—4 (25) 46 32 (90) 48.1
-1 (30) 5.6 35 (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) B7.8
10 (50) 123 46 (115) 101.4
13 (55) 14.8 49 (120) 116.8
16 (60) 17.7 52 (125) 134.2

*The data in this table can be obtained in Fig. 4.10 on p. 85 by reading where the air temperature inter-
sects the saturation vapor pressure curve.
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0.4 anmearuiuduinsTidsmansenuseseneyed
- Heat index Al #vilfuansgamniivessenieildsunansenuvesamaienniauas
Aududiivdlueinie
- Heat stroke Winfuiiosnenieuyudgs a1 °C vldszuumyudolusanedumad

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

A o e o R i S o i S S S S S S S S S e S S S St ]
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unil 6
LENYIAINYDIUTIBINTA (Stability of Atmosphere)

1.1 Woulvviluiaenmadasulkuain1seasui

Stable equilibrium

fo A
N R

Unstable equilibrium

2000 [

1000

Altitude (m)
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1.1.1 wefiesnwauysal (Absolute stable)

Altitude (m)

Temperature of
environment (°C)

0 10 20 30°C T
@0 o8 B8 g e 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
envirggnenl (°C)

0
32 50 68 86 °F

10 20 30°C

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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2000

Altitude (m)

1000

1.1.2 ldfiadesniw (Unstable)

Temperature of
environment (°C)
< 3 [ o
N /
Dry
adiabatic ==
rate B
0 o
| 10°C/1000 m g 10°
= 19° (205
Environmental
lapse rate -
11°C/1000 m il
! —— 30° 805,
0 10 20 30°C T
32 50 68 86°

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 accelerate upward, away from its

original position.

Altitude (m)

g

g

Temperature of
environment (°C)
-_— - @ |
\
' |
‘ »
\ Moist -“j@e‘
“ adiabatic i @
S rate
‘\‘/6°Cl1000 m
-
: . v &
Environmental
lapse rate . .
11°C/1000 m Tyl
A = : — 30° & - -
0 10 20 30°C 1
32 50 68 86 °F 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 ladfliadesnmuuuilifouly (Conditional unstable)

Temperature of
environment (°C)

(a) The lifted, msaluratadparcdofatrateaohlevehs (b) The liited, saturated air parce! at each level is
oomnhanilsmummms.meammlsshbb wannafthmilsmnﬂmgs.'fheaﬂmspmms
with respect to unsaturated, nsmgar unstable with respect to saturated, rising air.
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1.2 ANSNOAIVDILUN

A
o
3
Y
A

150 km >
(a) Convection (b) Lifting along topography

< 500 km > < 1500 km >
(¢) Convergence of air (d) Lifting along weather fronts

- = - a(Moist rate) - == b (Dryrate)
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Elevation (km) —=
=)

(=}

Temperature ——
(a) Cumulus humilis

Altitude (m)




Altitude ——m
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Lee wave cloud
N

Moist aip—/\/ \_/

Dry air /\/_\_/v

Droplets /Droplets
Moistai_—= /  ~Spdensezs Nevapoide’y
Mountain wave cloud

Dry air

Temperature ——— Temperature ————»
(a) Before mixing (b) After mixing




127

undl 7
w1 (Precipitation)

1.1 YUAUNSAAVEIALINN

Relative humidity (%)

Typical raindrop
2000 pm

Typical
cloud droplet
20 ym

Condensation
nucleus
0.2 pm

Temperature 10°C

Flat water surface Cloud droplet

100.4
100.3
Cloud droplets grow

100.2 |-

100.1 ¥

: droplets e, o
shrink 2Dlet
100.0

1 2 4 10 20

Jroplet diameter (um)
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- 9UIUN1T Collision and Coalescence process

0.2 0.0000001

1000

2000

2000

0.01

» Small cloud
droplets

0.0000003

0.03

0.9

Condensation nuclei
Typical cloud droplet
Large cloud droplet

Large cloud droplet or
drizzle

Small raindrop
Typical raindrop

Large raindrop

La;ge cloud
droplet

. ..\
Small droplets J&

. captured in
wake ko
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mMafnduanveatlume Uszneudoe
- gurpaeveati
- AMUNUIVD LY
- nsvuaoneluatiludeuws
- Uszqlihwesveath uazaualniluis




130

- YUIUNNS Bergeron (Ice-crystal)

Temperature —15°C

Maximum difference

0.30 i /

0.20

0.10

Vapor pressure difference (mb)

Temperature (°C)
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Water droplet lce crystal

(a) Falling ice crystals may freeze (b) Falling ice particles may collide
supe ed droplets on contact and fracture into many tiny and stick to other ice
(accretion), producing larger ice (secondary) ice particles g ation), producing
particles. snowflakes.




132




133

1.2 w104 Precipitation

Column Dendrite Needle

("€) ("F)
Oto —4 32to 25 Thin plates
=4t0 —6 25ta 21 Needles
=6to =10 21 to 14 Columns
=10t0 =12 14 to 10 Plates
—12to —16 10 to 3 Dendrites, plates
—l6ta —22 Ito —B Plates
=22 to —40 —8to —40 Hollow columns

*Mote that at each temperature, the type of crystal that forms (e.g., hal-
low columns versus solid eolumns) will depend an the differencein satu-
ration vapor pressure between ice and superconled water.

Nimbostratus cloud
Vertical
temperature
p? le
Snowflake

"""" W s N

Abov.e nowiake meits

freezing ‘ Raindrop

Daep Q ~ Raindrop freezes ~ /" L

freezing X

layer t Sleet AN

-4 0 4
Temperature, °C
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Freezing Freezing Freezing Freezing
| 3000m - 10,000 ft
1500 m ~ 5000 ft
om oft

cold 0°C warm cold 0°C warm cold 0°C warm
(b) Sleet (c) Freezing rain (d) Rain
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16,400 ft

< —
Upper-level
wind

==+ *Hailstone embryo

Freezing level
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uni 8
AUNABDINTALLAZAY

WARM
Air column 2 Air column 2

COLD
Air column 1 Air column 1 -
3 g -
O = ment
City 1 (o) City 2 City 1 (c) City 2

Same pressure Same pressure Surface pressure rises  Surface pressure falls

Air column 2

Air column 1

City 1 City 2
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Millibars

10:00 am. 4:00 P.M. 10:00 P.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)

- Sirong 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)

583888288888 38882888885888383°2
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Hel
76 cm(
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Diagram (a) : ' : !

1 |
+60 mb +30mb  +110mb +0mb
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36,000 ft

Constant
height
(5,600 m)

18,400 ft
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ISOBARIC SURFACE APPROXIMATE ELEVATION
(MB) CHARTS (M) (FT)
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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, 3
pressure altimeter will
continue to read the
sme elevation,
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TANK A TANK B
1 4

Higher pressure Nt force Lower pressure
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0.30

025

020

0.15

Coriolis Force

20 Knots

0.05 10 Knots

Latitude®

———5%

b

No
s
. > 7'-)'dev:ahcn

(a) (b)
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(a) 'oroom'out pattern

(b) Wind pattern

g i !ﬁ = B
:\hbi e A 1
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(a) Northern Hemisphere (b) Southern Hemisphere

Low pressure (colder air)

B s -~ West wind

PGF/ ‘ High pressure
PGE/ (warmer air)

e

West wind

Low pressure (colder air)

Northern
Hemisphere

Equator

Southern
Hemisphere y,

3000 m |

W

(b) Northern Hemisphere
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0 meters

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°.

{2) Wind aloft (b) Surface wind
Northern Hemisphere:




150

B o e o i S o o S o S S o S S S S S S S St ]




