2 RKIDEBHZF

2. 1 SHEOREAFER
SR F B OERFERSY M 172 EBNFELE LW R 22 &K & B S KT

(ideal gas) &9, BRAEKAKIZIB VLTI
R4 L DB " (Boyle’s law) :
IR —E DA T TR NS AT 5,
L% LILDEBI*(Charles’s law) :
J£ ) —E D ZA T CIEMAFE IR I 3 5,
MLV NED, ZOX 5 72MWEIZ, EhE p. KEZV . WEEEn, #HiRE
T . f[fE#H (HEXATE) (gas constant)Z R™ & LT,
pvV =nR'T

ERTZLENTX D, ZNEBESAEOREBHIRR “(equation of state) & V9,
S[IEEHRIL. R =831Imol K Th D, 7ok, 0°CITHERHREE 273.15 K (Zx)
%,

T m@EEROWE T, BAKEOREG 2R %5,

BEORTUL, £ 06, BARKARE LT TE S, o, BRER
SEWSFEIZIFIE-ETHDHDO T, [BEFE T, WREEHEKIC iob\f%’féig@
ROVICEEEZZDEEHNT,

p=pRT
2‘%@%@‘5*&75“71/” 7170, plIRIERDOBEETH D, IREEFHENAEZ Z D X
[ZE LI E, WRZERICHT 2R ERIL. R=287IkgKTH D, ZDIR

,gjﬁﬁt IBWTIE, OFY) D7 EICL > TREREHOENELRD Z LICEE

ML TH D,

"B T, T EORRDEKRICH LT RICEA TE DRBESFER L LT
pvV =nR'T
ERWD L%, Zo©, RIESERAERThHY, R =831Imol KTth s, £7-.
VIR, NIImER (EA) ThD, ZEO (F) HTEEM ., BEREm LT L,
1000m
Y

VAN



\Y R'T
P M
LB, ZIZT, BEpIX
_m
PV
e, REFEXOMmNEV THEHl- T,
1000R”
= T
P M
BELND, [JEFTIE
R=1000R
M

ERAERE LR RS, HIERICHT 2 IR AKO T TRIE M = 28,97 T—E L &
BEHDT, £< OHE, REERE 20X 5 ICER LEIED MERTH D, KEEHRR O
{1, R=287Jkg K <2,

Bl 2-1 UUTOL&MT, Bieko®EElkegmd 26805 3 ik ek X, 7=
L. R OREEEZ R=287Jkg K & L, FASAKOREE SRR E Hv
T XV, 1hPa=100 Pa Th 5 SIZEEHR L,

(1) XE2 1013 hPa, =2 300 K (£ 27°C)

(2) &JEM 1013 hPa, &2 273 K (79 07C)

(3) &JEA 700 hPa, &iEA 273K (8 0°C)

B 2-2 LITFoOXBROEEkg/m3l 2 AT 3HTETRD L, 272 L. [UEE
¥R, R"=831JmolK & L. HARGIAKDIRREF LA H W T LU,

(1) JEJ73 1000 hPa, #EFEN 300 K d#zlfzek, (CEH4y+ & 29)

(2) JE/73 1000 hPa, EFEN 273 K O#lzek, CEH4y+ & 29)

(3) ES17 1000 hPa, RN 300 K & —f{bimE (41 & 44)

2. 2 RK[HPDKES

—IRIZZELUTNI AR BTN G FILTWD, B L 725U E LD KRR
TP 720 - 7o ZERITITE K DKRELIREENR TN D o§%¢’ziM5
KRERDOEIL, KERE KEKODE) TRITIENTE D, ERPKER
B L CRfIL T\ & & DAKERLE % AMAKESE" (saturation vapor
pressure) & 9, FAFIKARSIEIL, KEN END ERKEL LD, UTFTDXH 7%
R (F7roR) ZHNT, fafKkARIEEZHET LI LN TE 5,



e, =611 exp(17.27 wj

T -35.86
272U, e TBARKRARKE (Pa), TIidExEE (K) THo, 0CIE 273.15
KIZHYNT %,

D
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fafKZESKE (hPa)
S
\
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2-1: K & BNk R SE & D%

T RO T T, SRKARREZ R % 0, SFKAKEITIRE O
HDOREETH D,

= HERRRELRN 2 2B TR K ERRIE O 0 ISR R B OKEREE) (o/m®)
BHWSND, o, fAfKESKIEORD Y IC, ATKERRE" (AufikzE

K E) (saturation water vapor content) % V5,

N 7
7

-5 0 5 10 15 20 25 30 35
SR (°C)

2-2: U & fFk R R E & DORR



HRBE" GRE") (relative humidity)i%., SIFI/AKRGIE & EBEOKARKIE
DE LTHEIND, 2F 0, FHXHEE h L, fafkAESIEe, & EBRDOKE
SJEe & HWT

h=—
e

S

EERTE D,

& PEERERE 2 o B mE PO THAHBEE Z RO 5, 72721, 5
EERRLES 2 4385 Tl AaFnk &8 UL DD 0 ITfafnk 7&K Ead W CE R
Do

BRI G ENTODARIORAE KT R E LT, BA(nixing ratio) <
38 (specific humidity) &\ 9 BAMEDNS = L b b5, BAkrid., ZRIcE
ENDKIERDBE p, & WHRIEROBIE p, & DLTH Y
Py
Pq
CEFRIND, BASKEOIREE TR LD | 8RR EAKKRJDENEFNIZD
VWL

r =

I\/ld Mv

~1000R’T 1000R"T
(M, & M ITREERZER & ARER D (CFY) 5 18&)
MKV SO Z EICEET D ERA T, ERDIES p LAKESE e ZHWT,
M, 0.622e
_Md(p_e)_ p—-¢
CRETDZLHTE D, 0.622 [FKFEKRDSFEM, (18.02) & HEAERD
Wy FEM, (28.97) LOHTHD, —J7, IR, ZERUICEEN D KER
DEEE L ELIBIRDOBE LD THY | KEAKDBEDO LS b D TH D, H
Mg,

(p_e)’ Pv = €

Py

g2
pd +pv

& TERR S,

0622e  0.622e
(p—e)+0.622e  p-0.378e
CEIRET AN TE S, BPREAIT, BESENNZ (L LTH, 225
DIRAEOKELRDEERE, BRNDEZORWRVRGFTHIETHD, ZDD,
LEF TR, LR LITHIERERA AW B,




FAFIAKRAKEITERIRDN TR E/NSLRHDT, ZBRNHETI N, ZEXHIC
EENDKELZDNE OKFELE) PaFfIKRLRIEL Y b REL 2D L, KK
KDEERE L ORI b, EREESTI—EDOFRMEDO S & THHRIL, KAKIE L
BRI KR GRIENE L o TKRER DB N IEE -T2 EDRELEBRBE

(B’A™) (dew point) &9, Sz 2DOZEXHMOKIENFE U TH->TH ., Fxt
BEDRmWZESIDITE D NAREREL L BATV DO TRAREITE Y, BR
BRI ICEIR & F LWVDMERY, KUR &% LWIGAIIFEXHEEE D 100% Th D,
S & T RIRE L DN 3CHO L &, HAMBEITB LZE 80% Th s, Kl &
FIRE & D2 % BB (dew-point depression) & V9, B CTEEEMICKEEBINT
— X RS D L X TIE, AR EFERHEE I/ < &R & B AIRE CHE T
HZ LI TND, ks, KRAEKENFFIKASEZEZ THEERR L2k
fie 4 @ BAF " (super saturation) &\ 9,

N

7K e
7K BFKERE
=
It

wec J[] M

KIS ERISEFNT

WBKEZDAE
>
2 =
BEER m,nan

2-3: AU & KFREUE & DEIR

& HPERERLE 2 0B Om F AR OIS TER RIS OW TS, 1272 LRt
B 2 0B TIIKARRIEDORD V ITKARREEZ MW TERT 5,

f2-3 XUE 1013.0 hPa, =& 26.0C, & AURE 22.0CHOZELKIZOWNT, LU
DOFIVZE 2 X, SRR RIEOHETIET 7T oXNEH WX,

(1) ZOZEROfEFIKALEhPal 2 /MESE 1AL E THEE X,

(2) ZDOZEROKFEZEhPal 2 /MESE 1AL E THES X,

(3) ZDZEZOMHIHRE[%]%Z 1 DAL E TEHER L,

(4) ZoZERO[gke] & iRA gkl 2 /NG 1AL E TRARE L,



2-4 %UE 1018.0 hPa, &R 18.0°C, FHXHEEL 70%D 25UV T, LUF D

RIVCE 2 X, fafik 285 E@#%Ti%?/@ﬁ%%bi

(1) ZOZEROEFIKAER Fﬂmﬂ%dﬁ BLE THEAEST L,

(2) ZOZEKROKAEKIEWPal 2/ NS 1AL F TR-ER X,

(3) ZoZEROE[g/kgl LR tt[g/kg]%’rlbiﬁ)ﬁ%1&&’(“%;%{1‘&0
(4) ZDOZELROFESIREICIZ /NS 1AL E THER X,

2. 3 R&KDEAH

RIE, DFE VD RROES X, BALEAEIZMD L EROESI THLHEEZT
L, [RJEOHN E LTI NAA L (Pa) ZHWA, 1Pa 1, 1m2H7-9 1IN
DINTAE T 5, {EwE TOYH R KEIT 1018.256hPa TH Y, Zihvix 1 K+
EWVH, TREF lem2 H72 0K 1kg HOE S ITHY T 5,

& HEERERE 2 B CE SR ORI T, RJE A $ 5, HEdE T O
7B S 5

—RIC EZIAT U EREIHELS 2D, ZUE, Rz EicAT< sl €D
KB DZERDES DR TIETENPETT5720TH %,

Az

[X] 2-4: /KA ORI

KXoz, 2720 EFICBE LTS EDENOENEEZ D, &S Az DX
’aiﬂi’ﬁ“ DE BT pAXAYAz TH D, LT72-> T, ZOXBOETRDOES
X pgAXAYAZ L 72 %, 12120, p l3EE, g IXEINEE TH S, KUEITHEALE
R D EROEIENG, %E@WMEﬁ\%@Eﬁ@WE@Eé%ﬁﬁ
THISTEICHE LWL T TH D, DRIT, JUEDZELE Ap I,



PIAXAYAzZ

- AXAY
EET D, WM EHND &,

dp

A -9
ERTZLENTES, ZDOLIHT, ZRXOEISOLSTEITKEMET T D IREED
Z & &8 KEFE M (hydrostatic balance) & V9, EEED RK&UL, TR 2 ur
VNRBEIC D 5 Z LBV, FKEFEO S & TOME T M OKEME L, H L
I TIE 10m (IZ5E %) 1.2 hPa TH D, Kl m < 72D L ZERDEER /NS <
2BHDOT, MEFHORIEMEE /NS R D,

HARSKRORIE F R & FoK Bl O BIfR 2 5 . FRAKKIZB T 5 R[EOH
B2 HENTH L S, HAREOREG ALY

__P
P RT
INEEKEFEORITARAT D &
db__ 9
iz~ RT'

ZDEMDFEREMRNTHD, p>0DHEEEZXTNLOT, £7. Wil%
p’C%’JOT\

1dp g

pdz  RT
ET 5, WIS, HRIC@UX) =X THDHZ EIEE LT, Wil & IOV TR
T5E,

g == =
Inp=-—2z+C (CI¥fs
np=-osz+ ( 53 FEH0
L%, ZIT, MUOERE LD L,
p= poeXp(—;g—ZJ (py 1T EXD
PFFHID,
EORITENT, 2=0TiEp=p, TH DM, z=RT/g TiLp=p,/elllnd,

TOZ NG, RIENL e fFIZT D E S H X

i, BT
g

ThdEembnbd, ZOH,ZRF—JLinAg b(scale height) &9, BLFEDK

10



K[ATIHE, AT =g MIBkMERETH 5,

12

10 \
N
: N
i
2 4 \~\
2 ™~
0 N
0 200 400 600 800 1000
KE (hPa)

2-50 | & KUE & OFRAER 72 BILR

& EARELRLE 2 B E AR O T, PRI TIEERIEN TR L Z &
TS,

i’@i?iﬂ.%fﬁﬁk'@‘ék% X, B ENT-REEZDOEEHNDDTIEA

. EOKIEE ORISR E VT, & 0 m (& E) 28T 2KEOMEICH
EL“CVIE LTW5, ZOXIICHEL-KE%2BESKIEea level pressure)
&k,

& HEEREALE 2 0BT, #l E RGN EVERT D & & 12id, B S O 5
U CRIEZHIET D Z EICERT D, FEEI ’—\F%(EU/ELTHE—\IJ:%@«
T 5L XX OMIERITR O LERH S,

BRERRXEERT 2 & &TE, @FEIT. SECERLKETEIERET
%, i EREXT ii’@i‘%ﬁ‘(@mVﬁ)mb‘%Fﬁ% RE, ARWIGRT 2R AT &
L=y, @E R TIE, fEESn=KEm (7 & %1% 500hPa i) @& A
WA ZERE., WG IREE L T 5,
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F21 AEHEBIEOEE

SUET BLEoOEE

200 hPa 12 km

300 hPa 9.5 km

500 hPa ¥ 5.5 km

700 hPa 3 km

850 hPa ¥ 1.5 km
3120m

B mRE ESE
gElBIE N\ 3000m__ &=
== *Z700hPa

©>700hPa

%] 2-6: e A & KU AR

Bl 2-5 LIFoFEMFDLETHE, $hEEHFIZBELZE X, 1 m IZO>X{1] hPa
DEEGTRIEMETT 20, AT 3HiE TRk, =771, EXRUITHEHER
KTHDHLDE L, BKEFMHZ2E L TEV, EHMMEEL 9.81 m/s2, &k
ERIL 287 kg K &35,

(1) XJEM 1000 hPa, =i 300 K (F 27°C)

(2) &JEH 1000 hPa, &iE2 273 K (£ 07C)

(3) XJEMN 500 hPa, K2 273K (1 0°C)

Bl2-6 A7 —/n A F238.0km ThHERKRESE XD, HIFREHSIED 1000
hPa O%E, KJEN 500 hPa 1272 5 DIEEEM km O & &0, AT 2441 %
TRDE, 72721, In2=0.693 &3 %,

12



939C00R - 7SRA4 O VDOERA

R < 70D LEIRAKZARKEITIRE <o d, BFOEIZAWD & R & Rk
J£ & DR E ERIIZFEE TE D,

WE | ERER—EDORBO PRI, WA L KA DOKBPIEE LT, EREBIC > TWnD &1 5,
—fiz, EONH=xAX—%2U | EhEp, WEEFa ., BEEZT, = her—%S &
B &, FTRAOBHIRILX—(Gibbs free energy) G 13,

G=U+pa—TS
EEF D, EE, HREWVIHIEMEOL ETOMEIZENTIE, GO AG I
AG = AU + pAa —TAS
EEF D, BNFOE 1VEA (= b —{RFHD L0, WEINZon-80Q 1k
Q=AU + pAx

.@3;)60 357:\ ;/\'\\‘;j%“ c)% ZEE\UC}: D N X&\—
T

DD, LT2di-> T,
AG =AU + pAa-TAS <0
ThHo, FHaThhid,
AG =AU + pAa-TAS =0
Thbd, ZOLIH, FTRAOAHTZFLX—L, EE, FEEFTTOREEZRMLD & X
Huwbis,

ZZTIRVE E S E O OMZE(EE X T EO T EHICET AU o, SofExU, .
a,. S;. JMIcBEITsEEU,. a,. S,LBL,
AU =U,-U,, Aag=a,—a,, AS=S,-S5,
TH D,

=M U, o S,

P T A
&M U, afl' S,

TR CTHILIE, AG =070,
U, + pe, -TS, =U, + pa, —TS,
MRS, 22T, D P LIRET BMUNMIZEL Lz EOFEROENEEZD &,
dU, + a,dp+ pde, —S,dT —-TdS, =dU, + «,dp+ pde, —S,dT —TdS,
Thd, =, BIIFOHELIEANLY

13



d'Q, =dU, + pde,
RO LD, A AR D 72 S O HERRRIINEV T 541k, d'Q =TdS, 22 T,
dU, + pde, —TdS, =0
Eied. [FAERIC,
dU, + pda, —TdS, =0
HRED LD, LIRS T,
a,dp—-S,dT = ,dp-S,dT
(Sz _81)dT = (0‘2 _al)dp
k725 T,
dp _ Sz _Sl
a7 a, —a

L
ﬁ%%ha>%—&ﬁ\%%ﬂL%mwf\Sf4g=?t%Hé@f\

dp_ L

dT T(e, - )
EERTILHLTED, ZOBBRKE, V59V OR Y 5R4 02 DEFEK (Clausius-Clapeyrin
equation) &\ 9,

FoRFRRIZBWT, BFITa, > o, b, a,—o =a, EEETE S, S6IT,

RT
BARAROIIE R pa = RT 2 (RIZREER) 2M05E. a,—a, ~ o EEED.

ZoEBEHANDS &

dp _ Lp

dT  RT?
Lo T,

l1dp L

pdT  RT?

BELID, RBEALEZERE LT, WMAEEST DL,
In p:—L+C' (CizER)
RT
Lo T, .
p:Cwﬁkél} (CixEH)

LFETLZENDND,

KEGOEESE., R=4614] kg -K, L=2500x10°%] kg Thsb, LEB-T, fil
FikZ&RE e IX. 0CIZBITHfx e, & LT,

14



L L T-273.15
e, =Cexp| —— |=¢e,exp
( RT) [273.15R( T ﬂ

=€, exp(19.84 w}
EERTLENTE D, FEBITIE, BFKRKEDERAM 2T E LT,

T -273.15
T -35.86
NDUIELIEAVWSNTWS (T70DR), 7700 R 77 o rOBBREKNLE N
IZBWT, OCIZBIDMENT T ORE —ET DL IITER Py 2 ED THET 2 &, WHT
EPBICR > TWBEZ ERb s,

e, =611 exp(17.27

60 T T T T
— 770z
= 50 L30T 0R0SA(DLDORKRR /'
o ¥
- /]
= 40 A
1+ /
K 30 .
L L~
'K' 20 /_/
e |~
& 10 _—
-—-—-—-/‘

o

-5 0 5 10 15 20 25 30 35
SR (°C)
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