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B R ALE
THERMODYNAMICS

BOBEZRTEREE, R KM {84 &8 T > F ik ME,
YRE T B ERELTEOABRERKEE | BE. Ri5EHHE
BE, B, REBENCESHZAES kik. #7885 TR
FERFE B L REARE, ME2, AIBESREZIBR
Bt KB NBRNEMEEEG NTAZ—, EREETHAAS
B—RNHRZ, FEEZRNBIE2BRLAEEE2HE RNZE
KB LKA 52 BB SRmMNBESR (zeroth) ,F—, B/,
BRESEHEABRSEZ M. B EMkSEBNLESE, THH,
AR, kKEERR.

T ki BB % (mechanism) SRR #4002 UK 4GB > Mg
B (models ) (Fasr+) , FFRAME, LERHSZEY (FF
BERE) o WoRTRREEREN S TEY, K N2 5% ER
HER#M B, HEHAEREEANBEREME, FTEAR
St B MEH N BRI EEY TRANE. HEAKT BRI
R 8 oy - R8I AR L 2 R A R



$—% RIEH—-Ti
FIRST LAW
OF THERMODYNAMICS

@BE, Zh (work) ,A#k (internal energy) , K# (heat YS$if%
AHTHRASHEERET. AT PMYILSESE, TRMHuD (&%
HEXZH) MG BBARBEZHBR I, SR EE— %
TERB L, RREEZFEARB-RALAR, ZRZOES
EfR (zeroth law) ,

B ERETNRELARKZ B LWARSABRNE, ZRKE
RAFEE (electrostatics ) , HiEHH 78 (electrodynamics ) ,
1840-1845 % Joule B H %, FHAMT OELERFTHMEA.
PF—ERNHANEUZEER. B~ CREME L2 - ETE SRR
(LRI 2 #OMFE (heat effects ) o HIKEYRER Y 2 BEH,
B S — B & I8 8 58 T 3 1 R 2 I o

1.1 R R Rzikie» RAREEEH ( system,

SURROUNDINGS, STATE OF A SYSTEM, AND
STATE VARIABLES )

BB % (thermodynamic system) JFTBRAIME FiHE 22— 845,
PSR (boundary ) BAR (surroundings )73ff. # FIR fEttiER
SIARME—UERABM MR % (isolated system) o E#
HemB AR AEBAKR (open system) ; HRAAR LELME
AIB &A% (closed system) o #a[d ek A —&HHRo

Fp R AL 4 DU E B IR MR K iR A, AR ZAAR
Frip EBME, BARREM BFR BRKH 2 M BEERBHARAE (adia~



batic process ) , EAE SWMBE ( adiabatic wall ) .

FRPBRERL TRILFRHHR - EEERE. FARBERERE
FKHEE (properties ) EREM, HTHUEERZMRE. KRB
w1, TEFME (AAKR) ZRETHR), FK KEEF=9%}
2=, BEXMEHERE B, BESBEEARBEE (state
variables ) o

HBNBRAVESABZBAEM, R AB DR TERBR
2RI, FReThE BERARD, HHAFIED.

1.2 #AHBEEDFER ( THE ZEROTH LAW OF

THERMODYNAMICS )

BEREBETERBZMNERABTE (thermal equilibrium) o=
BEARERERR — R AT 8L, & RECHMML ZRE,
WREH A PG ARE, AZRANE_FzBREREHEAR, $2%48
Bl HRR_ARZHHET CHEBAHET. mEMEBE TR
Z & EME.

ZHEA, B, C3 %, RBEAREN, ANCERSEGD, B
FHCHEHRTED, WAHBFREAFE D, LESR LHARER
HEEE

HEREVRAEZTEBAMRS, EREATFEIA_ZZBE
A E2RRERSA —ZBE LB MEMMAEIITEE (tem-
perature scale ) 98?7

REIUBESHYMEB, AMRBHERV,, UENE BE. ©
MRARYEB EX#HTE, BRAKBAZAKRBANIFR/Y, R
P, o RABAZTHERNKBEERBFSML, BV, 284, BEL,
NV, EER]. ] BaR BRENVBRESER, KESRMHR (iso-
therm) Gi%788 B Z fE#: EE, FLUTAHRRAB miamie Ak
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BAE HBASERD. ABBZHARBERN LARBR FHERA S
~ %R, B-SERYTRE—BF 0, kTR AK. RER

o

NS

1-18 BEKABAZSHER, HHtE
i e 2 FE AL R AL Ho

BEZ M, B—E R AR, B A BB R
RARE, H & DU i A AE ] B Lo

RESLHE, ROEMBAZRRBEERRZTRANEZH
BRBEE, FENEEAMERRARTRERE (zero pressure)
M Ake Bt EAE SR BB B RN E 2Bl AR - B X
RE+tEHHKTNBEHZERARELEHR.

#E-AENEEMAP MUV E (Flwl-1 EhhiR) , THETH
B F

S(B,V)=6 (1.1)

AP oBsREE, KEFEXQKE Z2REN (eqation of state ) o
BTARE ##® (real flids ) ZFHREZRENX. BB ERBK
Brenfds ieEy BHRE, HERKATHZME BELERE.
1. 1 X By ERE, Do 2REREL. 1 X602,
MRETEEEREZEE. B0 R ERE KR %Y Boyle T&



(Boyle’s law) (1662) o{ERER E& &8 KB THIRAE :
PV =k (158 ) (1.2)

A TERE (zero pressure ) ER ZPVEMERZEHEN
(the number 7 of moles ) , REE O ZHHEK LM :

Eﬁ(.PV)o = nf(6) (1.3)

BEHEAIRT RBREZHE, Rﬁﬁﬁﬁﬁﬁ?‘ﬁ'& ( ideal gas
constant ) | T SAEREHEH B R,

lim (PV)p = nRT (1.4)
P-0 ’

kR e e TEERN 2T UEAER B EER, TR eERE,
FlinB ) BRE, ST FZ KelvinK ZA/D, FREHBEBE
25, WHUK. 2 =48 % (triple point of water ) (ERZHEKIK,
K, REAZMA{EZTFHEEHRN) B§273.1600K,

A E P (Celsius scale ) AIEXUkEE (ice point ) (VkEkZL
KEBETED ERFEHZEE) B 0°Co vkB =B85 0.0100°C,
BEE A 273.1500 Ko AZLIBNREE (T) BEREE (1)

T AR LT R |
t = T — 273.1500,

1.3 BEGETEH RZE{] (UNITS OF THE IDEAL

GAS CONSTANT R )
KoL B T, WIRFEEMEY T, 0°C (273.1500K) 1 RH
(31.9988 g ) Az PV AR#¥RB22.41383 liter-atmo iy &
FA 1. 400 E e R



o P )T 22,4198 liter aum
T AT (1 mol)(273.150K)
= 0.0820569 liter atm K™t mol! (1.5a)

] R AFRATER 0°CHE R E3titims, HE/ KK (accelera-
tion of gravity ) g R9.80665 ms™* X576 cm &, #imH 1
em® KBHEFAFE . 0°CHRZEER13.5951 g e *y

ST HIMESEGLE pascal Pa, £ 1 newton ({1 kg WRE
BE1lms™® EAEEN MEARL m' GEKBZR N, B PaH
AAREBRETRER: '

P = (0.76 m)(13.595 x 10% kg m~2)(9.80665 m s~
= 101,325 Pa = 101,325 N m~*

AENRERAREMERZ ), BHREE2REZARS NRER,
HERD R KFTLS I BREM, joule I BREMEY, B
B P SEA: |
R PV _ (10L325N m™)(22.41383 x 10~ m?®)
aT (1 mol)(273.150 K)
= 8.31441 J K mo)™* (1.58)

BREMEF (thermochemical calorie ) H#» 4,184 J A
21 calorie ftHENRH 1 g 15°C BB Z2/KB LF— B W&
B AXBALEXMSER calorie REHN, ABFRAA, RE
PEBREXASIBNZHR, FHRDwAER ST Bird#.

Plealorie BEAZRMEE :

(8.31441 J K~ mol™)

R= = 1.98719 cal K™ mol™
(4:184 J cal™®) ,

(1.5¢)
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B, HAFRZP V-THRHEHR 1-aim B HRR KR
EF ; BABRIED B RIERER, RFDEERRZHA, Mt
BRE DA EE cal 87 joule BR Z Hif,

AERESHES] By, AU BRENEHERER. 5B

ﬁﬂﬂﬁﬁTwr,gmgﬁxﬁgzﬁE,wamww,gxmw

ms™ * MIEE TR 1 mm KREZ BT,
BREERBERL 1 RERREA TR

PV =RT (1.6)

VB 1 SHER#BZA#. A8d 1 EEEZLERNB BN — K
»E, -

1.4 T4 (work)

ERNBOARDBAME, TRERKAH. ITR—H&; RAM
F—FHMe. XBPLUEARIFF (boldface type) FRAlR, HZ
AR -

F = ma (L.7)

XNhFREN, SPRER"RGAMEE o« 2R
% (w) R—AE (scalar quantity ) HERER

w=Fl (1.8)

FROME, | RuUBAE, “ - - "REEOH (—-MBERA-"R
BENBLTMBESZRE) - X HNBFRUBHE I HARS, Alw
=F [ cos 0, SIEIZThBAIA joule J;1J=1Nm,

DA UMERATF 2 RE TR : —RAEEF (intensity factor)
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—BRAERRATF (capacity factor ) » EFHE1.1 £, EER—/I
RERL] FiERRBYRSfdl. RENBERPNECERZN,
RARBHNEEBD M2 LT REANREEZNIBPA, K
ZRRMHEBIFERHI] ERIEFFEBNRIDIRPA LI, HAd]
=dV, Bs/&8% dw=PdV,
BARBEBERCERCORLVERDER Z K/ RG] IH
CP*E'E%”’:@‘—_%EE", R BRmeh, ¢ RENIMER.

21 kilogram B RS ‘116 mEAED)

w = mgh = (1 kg)(9.807 m s~2)(0.1 m) = 0.9807 ] (1.9)

DR—-RMBALHE R BIEFRwREANHRED, &
HAREDAwR AR, AUNRABHESEEMNBERK, B8N ED,
wRA H. KHATHRE D) Z ¥ RELINT B 7 9045 16 Ko

1.1% RAYZEBERTRRATF

D HEE HERF ERAF

ez (J) BN fr# (m)

ERERD () Bfi (Nm™*) AR (m®)

HE | (J) %E® S (Nm ) HEEBL (m?)

g% BhE (V) BE (C=AXxs)

3lhm () B f16r HiE (ks)
(BEXMEE)

(m?* s7 %)




