AWIESST AR UL

Charles

202541 H9 H



A%k

H %

1

pYIE GNP X 3
L1 BUIZEEEEM . o 3
L2 IR 3
1.3 BURZEEE—EM 3
L4 HERSIRIIFE . . 4
1.5 BUAZEEE B . L 5
16 BUIZEEAR TR o 5
¥y iy o1t P 6
2.1 Maxwell FEZR . . . . e 6
2.2 BT ., 6
2.3 ERMERREL . o o, 7
24 BMRPITTRIEER © . e 8
2.5 PEFHEESIAIISIZEIIIE . 8
2.6 WENTRIGHAIZEIIE . . o 8
0 RIS Ay 9
31 BITETASRLE . o o o 9
3.2 BEITHTEME - o, 9
3.3 FAICRMNEMTA . . . . 9
3.4 A FEFEATETEAL . . . e 10
3.5 MIASANIE 10
3.6 WEFLEGAIGEIFGED . . 11
3.7 Landau BEZEMASHIE . . 11
2 JC RIS HPE- s AL 21 i 13
4.1 ZICH SRR BN EAR TR - . e 13
4.2 ZICERMEMEE . . e 13
4.3 ZICERMMEEFTHT . o o o 13
44 JREEREMR ... 14
45 BB TR L L 14
B | IO YIRS 15
5.1 BITBITFE . o o 15
5.2 BESE L 15
b AR REN U2 0 232 T 16
6.1 ATFIBORAS © o o 16
6.2 Boltzmann 4370 . . . . . e e 16
6.3 DBose Z3fHAI Fermi 7071 . . . o o o o e 16
6.4 Z=RTIIIIEER © o o e 17



A%k

7 Boltzmann %iil

7.1
7.2
7.3
7.4
7.5
7.6
7.7

Boltzmann ST HHII220RE0 . . . . . . e
BAJF TR . . o e
Maxwell DTN . . . o e
BEXI T . .
BASIRIGEAS o
WRREEEREAR . . . e
TIRES . o

8 Bose Giilfll Fermi %iil

8.1
8.2
8.3
8.4
8.5

Bose ZiiTHl Fermi Seil a4 0R%50 . . . . . . . . .
BIRIFRRARAIR . e
FET MR e
HAE Bose SAM Bose-Einstein BEEE . . . . . o
PR RIAR Fermi 2 . . . L

9 RLME

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10

REHE .. .
BOEMIRLE . .o
EMRLE
BRFRIARAR .
TERRIIMISTTRE © .
BURBE . o
EIEMIZRLE ..
BRFRIARAR . .
BUARRTMIR ...
i ey YA O £ A

10 A FIR SRR K e v PR

10.1
10.2
10.3
10.4

WEIEFL A PEIAIT L . . .
e I < R £
Ising BRI TAS AR . . . . . .
BRVEEERIIVERT « . o o o

11 pkx P

11.1
11.2

N A i 7y s - 7o
Brown iZ2ZFHIE . . .

12 EPiyasge it B

12.1
12.2
12.3
12.4
12.5
12.6

Boltzmann FRA M TTEE .« . o o
H ER
EMSAERE . o o e e e
Boltzmann FAEMFFZEEIITMRL . . . o o
EURIORRIE A
ZIER) Ohm 5B . . . e

18
18
18
19
20
20
21
22

23
23
23
24
25
25

27
27
27
28
28
29
29
30
31
32
32

33
33
33
34
34

35
35
37



1 #AZEANE
1 I 2AN S A B AR

11 et

CPEES AERCA SN R ZRIE T P ARA I B TR IR IR] A B AR AT R AR A AR A
- O ER: AN RR S A ARG T IRCRRES, P RSB AL T T

N =

1.2 $&dife

L =15
1 /0V 1 /0dp 1 /oV
_ - (2 (% - (24X 1.1
: V<8T>,,’ g p<8T>v’ . V<8p>T -
KER:
o = rrfp (1.2)
v\ [(op\ (OT\ _
(3), Gr), (v), = )
2. FAHA A
pV =nRT (1.4)
3. Van der Waals S f4&: )
(p—i-(i;&z) (V. —nb) =nRT (1.5)
4. Onnes Ff&:
pV =nRT (14 Asp+ Asp® + -+ ) (1.6)
pV =nRT (1 + BV '+ B3V 2+ --+) (1.7)
5. YA A o) [ e ] £
V=WQ1+o(T—-Tp) = kr(p—po)) (1.8)
6. UG [ 44 - o
1.3 #EE—Etk
L e —E
AU = dQ + dw (1.10)
2. Ip:
dw =" Ydy; (1.11)
(1) FAARERAAL:
dW = —pdV (1.12)
(2) 4R AR -
aW = odS (1.13)
(3) HLATBR AL :
AW =VE .47 = Vd (;505’2> L VE-dP (1.14)
(4) AL :
AW =VH# -d% =Vd (;Moﬁﬂ?) + po VI - dM (1.15)

3



—_

Iy 50y A A

I
H=U-+pV

P

o dQ

—dr
oU oU ov oH
CV <8T)V’ Cp B <a>p+p <6T)p - <6T>P

4 PSR

LR .
Q=AU = CydT
T
ou (
o= (5r), = "
1/0p 1nR 1
B="\57) = =7
- MERRASH) A Had 7R - T
Q=AH = CpdT
T
oOH 1+ 2
= (57), =5
_lovy _1nR 1
““vl\er), VvT T
RS S5 R 7R - v
Q=-W= pdV:nRTlnE
V1 ‘/2
1 /oV 1
Kr = —= | 75— =
T V\dp), »
HEES I Pl 72
C, nR 1+2 gl
= — = 1 - = = -
v Cy +CV i Cv 'Y_lnR’ C 7_1nR
pVI=C, TVi=C, pTiTT ="
Vo 1
W = pdV = ——(p2Vo — ;1 V1)
v 7-1
I N S _ 11
T AT T M T
RS Z R
pV" =0, TV '=C', p"'TT=0"
1 1
PR -
@1 Q1 Qi Tu
[ E
L S )
R 117 Qi—Q:  Tw—Ty
IR

_ Q1 @ i
Nh = 777 = <
w Q1 — Q2 Th—1T

4

(1.16)

(1.17)

(1.18)

(1.19)
(1.20)

(1.21)

(1.22)
(1.23)

(1.24)

(1.25)

(1.26)

(1.27)

(1.28)

(1.29)

(1.30)

(1.31)

(1.32)

(1.33)

(1.34)

(1.35)



—_

Iy by A AT
1.5 JPE et

L TP s
(1) Kelvin ik TR M 5 48 A FITT AR 7 JLAL R
(2) Clausius Fik: AT A8 1 % HoAIGIR Pt 30 0 TR O TR 7 2 Al B
2. Carnot fE#: A TAETHIA— @B AL, TR E
3. Carnot AFRHEN: A T M IR 2 00 T HLcRA 6

4. .
h as = 9¢ (1.36)
== ,
5. Clausius N :
%dQ<q) (1.37)
T = '
6. I 2R TR R R Rk ;
dQ
> [ == .
AS > / T (1.38)
7. BEEEIE  RGERIRTTE LS P AR PN D
8. Fe R W R AT oK
1.6 JJFHA TR
L T2 AT e
AU = TdS — pdV (1.39)
2. Helmholtz B HifE:
F=U-TS (1.40)
3. i A% Helmholtz [ H REAYIE T :
AF<W, W'<-AF (1.41)
4. Gibbs pRZL:
G=F+4+pV=H-TS=U-TS+pV (1.42)
5. R4 E AL Gibbs [ e MESR :
AG <KWy, W] <-AG (1.43)



2 ¥4 AReTFERR

2 Byl mar R
2.1 Maxwell X%

IS EATg &

2. Maxwell X%

(),
3.

3. E XA
oU
v = <aT)V

Cp, —

PRAR AR :

4. R KFR:

2.2 MJrEeRs

1. HEAHI 22 R4h:
(1) (T, V) RS As &t

(2) (T,p) AASLAE R

dU(S,V) = TdS — pdV
dH(S,p) = TdS + Vdp
dF(T,V) = —8dT — pdV
T,p) = —SdT + Vdp

(), (&)~ (59),
(), (&), (),

oS oOH
_T<8T> = (8T>p:

oS
" (o)
aT ),

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)



2 ¥4 Hey TR

2. BRI AR B

p=RT (p(T) + Inp),

B

jp=RT (p(T) +np), ¢(T)= o~ LInT +°

pv = RT

u:/cvdT+u0

h:/cpdT—!—hO

s = CT“dT+R1nv+50:/c’”dT—Rlnp+sg

/RTZ/deT

u = ¢, T+ ug

h = ¢, T + hg

s=c¢,InT+ Rlnv+sy=c,InT — Rlnp + s

ho
RT R

3. Van der Waals SRS 127 R 5] :

2.3 Fetke%
L H ek e g

2. Gibbs BB

a
(p+v—2) (v—b) = RT
u:/cUdT—a+uo
v

s = %dT—i—Rlnv—b—i—so

dF(T,V) = —SdT — pdV

OF\ ., (F
U(T,V)=F — T<BT> —T8T<T

dG(T,p) = —SdT + Vdp

s =-(57)

!/

— 50

(2.18)

(2.19)
(2.20)
(2.21)
(2.22)
(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)



[\)

¥4 Z PR R

2. Joule-Thomson F%{:
or
= — 2.40
8 ( dp ) H ( )
or 0H 1 (OH 1 ov V
==(ow) (&), (5), 5 (), V] ~goe-y ew
2.5 PR ) AR
L GRS ERS ARSI R - .
p=3u (2.42)
2. PERGTR IR T2 R B L d
oY = aT*
u=Team—3 = u(T) =aT (2.43)
p(T) = %aT‘* (2.44)
U(T,V)=aT*V (2.45)
S(T,V) = %aTSV (2.46)
G(T,V)=0 (2.47)
3. MRgTR R .
— el — 31 —
C’V—T<8T>V—4aT V=38 (2.48)
oS
C,=T <> =00 (2.49)
b or),
4. PRSPl AR T AR
Vi =C, pv¥i=(" (2.50)
5. PR SE R . )
_ it
J = = 4caT =oT (2.51)
2.6 WA IR
L A AR T 2 B AT R
dG = —S5dT — pomdAZ (2.52)
oS om
(77), = (57),, 22
2. WA A .
3. YRR S :
oT _ Bl ai _ _MoT 8% N MoC
(o), (&), (o), —6- (o) 70 e
4. BN ARSIy 2 B AR T
dG = —SdT + Vdp — pomds# (2.56)
ov om
— =— — 2.57
(@), = (&), 27

8



3 BT AN A AT
3 A LR HMHIPEH
3.1 ki FHERY

L A de
p=u—"Ts+pv (3.1)

(Y _(emy (o) _(0c o)
=\ on S,V_ on S,p_ on T’V_ on Top '

2. BRIl AR T 2 AR DT R
dU(S,V,n) =TdS — pdV + pdn (3.3)
dH(S,p,n) =TdS + Vdp + pdn (3.4)
dF(T,V,n) = —SdT — pdV + pdn (3.5)
dG(T,p,n) = =SdT + Vdp + pdn (3.6)
3. Gibbs-Duhem # % :
dp = —sdT" + vdp (3.7)
4. ¥
J=F—-—uw=U-T85—un (3.8)
dJ = —-8dT — pdV — ndp (3.9)

3.2 PaPiliA

L A -
S = Spax == 305 =0, S <0, U =0, V=0, dn=0 (3.10)
F=Fpn<=0F=0,6°F>0,6T=0, §V=0,0n=0 (3.11)
G = Guin <0G =0, °G >0, 6T =0, 6p=0, on=0 (3.12)
U=Upn < 6U =0, 6°U>0, 6V=0,65=0,0n=0 (3.13)
2. BB A
T.=T, pa=0Dp, fa=W (3.14)
3. Pt e A
CV:T<g§>V>O, nT:—% (?;)T>O (3.15)
Cp—T<g§>p>O, &S:—% (%‘;)S>O (3.16)
3.3 WOCRMEA P
L APl £
p(T,p) = 1’ (T, p) (3.17)
2. FHAET B
Lgo =T(s? —5*) = h? — b~ (3.18)
3. Clapeyron J5#%:
e S 7 (3.19)

dT ~ o8 —ve  T(vf — o)



3 BT AN A AT

4. Kirchhoff Z£5 &£ HHE:

dp L L

dar ~ T(w—v)  Rr?’
dL ,+L ov o L ,
—=¢-d+=—|—=—= | ——=c¢—c
dar " P T or 0T ) v—v b

T T
dr Lo
Inp = — —c)dT — —
np /T RT* /T (e =l 16

lnp:A—g—i—ClnT

3.4 i 5 5 - B AL BRI

LTS A 24
SF& = —pe§Ve + peon®
SFP = —pP5V0 + 1P onP
SF7 = 06 A

2. Yy A gy e S ) A A

20
1 (p,T) = p’(p,T), pn~ <p’ - T,T> =1, T)

3. WAL R RIT
20

(o2
u“(p“+T,T):=MQQLT?4-(p'—p4-7,>va

4. 7R BEBAE A

/

WO T) = P (pT) + RT S

5. T B T B 250U -
f— <<2—J:>lngl—2ava
p=r T p RIr

6. Ikt
200¢

Te = 7
RTIntZ
P

3.5 MR

1. Van der Waals SRS - i FEAS
(1) Maxwell &5 ARYEN

(2) ISt i
0
ov ), o? ) .
a 8a RT, 8
e =3b, po=—— T,= % — % _ 9667
v Pe = o2 2TRL’ pViye 3
(3) Van der Waals X} #E:
-3 ~ ~ ~ T . p SO )
(p+52)(3v—1)—8T, T—i, p—ITC, ’U—;C

10

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)



3 BT AN A AT

2. HAAE A
(1) —GMiAs: MM p 5%, o —Fm R A ESE

% R /70
or) 7 \op),

(2) ZGHAS s MIZE R 0 A0 0 — DA RTIESE, o PR A L UL

PuN_ o (P _ Pp
orz) ~ "1 \arz)~ """ Grep

(3) n ZAAZ: MRS p Al p EF] (0 — 1) SURIARTIES:, 1 19 n BwidT L

3. AR
(1) —ZUHAZ : M A IR AR S, MRS R A2 58

(2) “GRAE: A RIS R ARAS, MRS R RAE , RIFRIE B AR

4. Ehrenfest Jf#:
dp o — o af —a
AT Tw(e’ —a®) &l — k2

3.6 IS B GHG S Hi

L Il e
f&)=Ar(1+Bt* +---) =5}, t=

2. S-WOHZAS B AR R
pr—pg~ (=)’ t—=07, p=p.
p—pel ~lp—pcl’, t=0, p—p.
kr~ [t t =0, p=p.
Cv~t™", t—=0, p=p.
3. RG-SR AR A2 )l A A
M~ (=), =07, A =0
| ~ | M, t=0, H =0
X~ Y, t—0, A =0
cY% ~t|™™, t—0, H#=0

4. AR
a+28+y~2 BE—1)~~

3.7 Landau YEZ: MM

L J¥Z&: @i HER 0, A FAHEAR 0
2. XNPFRMERE: To P AHAS RIS R, A AR RR P
3. Landau IS K ﬁ?ﬁ?ﬁl-

(1) A% 8 =5

F(T, #) = ao(T) + ax(T —T.)M* + ast*, T — T,

OF PF 0
(#2), 0 (8, oee- L e

2&4

11

S =0
T— T

T—=T-

(3.35)

(3.36)

(3.37)

(3.48)

(3.49)



3 BT AN A AT
(2) ImFHEE 6 = 3:

G(T, ) = F(T, M) — oM H = ao(T) — po M + ap(T — T.)M* + ayM*, H# — 0 (3.50)

<8G> = 0= po 0 = 2a5(T — T)M + dasdl® T=255 daytl? (3.51)
oM T,
(3) IEFHE% v = 1:
Ho op iy +
YO = (M) - Ho — ) 20 =t T A =0 (352
" 0K ) 2a0(T —T¢) + 12a4.4? %(TC ST T T ’
a3
(4) IEFHEE o = 0:
oOF SO(T) T — TC+
S=- <> = So(T) — apH? = as (3.53)
M) 4 So(T) = 5 (T =T) T =T,
4
oS CO T — Tc+
Cuw=T () " a2 (3.54)
T ) 4 02ﬂ+iTc T —T;
4

4. EE MR SSIEYEE d FF SRR n Je g Im RIS A TR 8L
5. Landau #ig 2 Ve, 20 Tk, a0 T KRR
6. Ginzburg ¥##: Landau PRt H &4

2

é d—4_ s Ay B Ay =
(50 = |t] >2ACU€g<:>t>>th AcEl (3.55)

(1) 2% d> 40, ERTENF AR, T EeE
(2) Y d<4it, BA ¢ RER, THHEEAEN

12



4 %AW EART e T T
4 270 RS HPEf AL A i

4.1 ZIu¥IR RIS R BRI TR
L BTy B s RO i B /R R

V:Znivi, U:anuzv S:Znisi

o ani T,p,n; ’ b ani T,p,n; ’ L ani T.pnj

Y oU OH
G = Zniui7 = <8ni>T,p,nj - <ani>S’V’”j - (ani>s’p’nj . <

3. ZICHCI RIS AT RE

dU(S,V,n;) = TdS — pdV + Y pidn;

dH(S,p,n;) =TdS + Vdp+ Y _ mdn;

?

dF(T,V,n;) = —SdT — pdV + Y _ p;dn;
dG(T,p,n;) = —SAT + Vdp+ Y _ pdn;

4. Gibbs-Duhem X %:
SAT — Vdp+ Y nidp; =0

2

4.2 ZILHRMSHIE-H

1. ZICRINEA V554
T =17 p*=p° pu*=p’

2. Gibbs #fft:
f=k+2-0

4.3 ZILRMIL Pl
L A=A N IR
ZViA’L =0

2. Dalton Fft:
dn; = v;dn
3. R
Qy=AH=dn) v

4. BTCRME PR

ZVi/h‘ =0

13

oF
87%

)T,V,’n]‘

(4.1)

(4.2)

(4.3)

(4.4)
(4.5)
(4.6)

(4.7)

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)



4 %A EART B Aol T
4.4 REMRSK
1. IBA AR IR AL

g

H=

3. ARV AR [ HEAT IR 250

4.5 I et

szZniRT, p:Zpi

G=>> ni= Zn RT(¢:(T) +In

(i;(;)T .:;ni </cpi¥—Rln(xip)+80i>
G- T(gg) :Zn (/cm-dTJrhOi)

oG
vec-r(%9) -

K2

3

(z:p))

Hpiw =K,(T), WmK,(T)= Z”Z%

IIx = K(p.T), K(p.T)=p "K,(T)

> vip < 0= [] ol < K,(T)

Lo s =@ AT aEl A R T B iRk 2 4 X 2 )5
2. Nernst B RGERRAESF AR AP Y SOE BE AR BB T 0

3. Nernst EPRFHELS
(1) RGEHIAE:

(2) RZMK AR e ik AR5

T—0

. . - a5\
o= c=1(3) =(

lim o =0, lim S =0
T—0 T—0

(3) —GAHAS i ey e

LT

s — s>

oS
olnT

hm—p—l -~ =0

T—0dT T—0 1)5 — e

e
S@y)= [ T, S0=0
0

14

0G
(), -5 (o sn)

),

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)



5 AFHEAM A
5 AEPlath s
5.1 RiP iRt

L SRl A ol R R A5 e

2. JPA AR

3. iz AR R :
(1) $fL51) Fourier EffE:

(2) ¥ 8 Fick Ef:

(3) HLFiAY Ohm e

4 CHEMES

5. Onsager X Z:

6. Casimir 25/

dS=d.5+d;S, d.S= (;_,Q, d;S >0
s Oes  Ois
A TR e
J,=—-rVT
J,=D,Vn
J.=—0Vyp

Je= LuXi
l

Ly = Ly,

o= Z Jo X, = Z LuXi X, >0
k kl

T SR/ E B AR E S A R R

5.2 hfes
I

(1) BEESFIE:

ou
— J,.=0, J,=J
&:*V q
(2) W5 PAi A ) s X ; X
os _tou  lg. g7 - _v.2a Rvas
ot T ot Tv Ja v T+J(’ vT
J 1
Jsz?q, 9:Jq~VT:Jq~X
2. P SRz AR
(1) feferta:
ou
EJFV-JU:O, Jo=J,+ pd,
(2) WV A
Os 10u pon J, 1 J,
I _ BTy J, v—_=z
oo Tot Tot v <T>+ « V7T
J 1 J,
Jom e Oy Vo =y X

15

-V

(5.1)

(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

(5.7)

(5.8)

(5.9)

(5.10)

(5.11)

(5.12)

(5.13)

(5.14)



6 Uik FAMRTBMAYH
6 UL T R I HESA Al

6.1 Sr A HIGOML A
L AR

ZCL[:N, ZalélZE
l l

2. TORASEH -
(w —l— a ! w;!
Q.. (al) W; , 25 (al 7 s QF.D.(az) = —
Hal a al!(wl—al)!
l l
R S A -
aj Q..
— L1=02pp =0pp =
wp N!

3. MRk ATk
0Inf2(a;)) =0, O6N=0, 6E=0
6.2 Boltzmann 431

1. Maxwell-Boltzmann 431f :

In 2 =N(nN-1) a(lna; — 1) alnw; =NInN — a;ln
b = - St —1)+ e = S (w)

SIn 2y 5 — adN — BSE = —Z (m‘” +a+5€l> Sa; =0

] Wi
?il = u}leiaiﬁsl

2. MB 7 R Bl K :

_ ~ 1 - - 1 day)?
In 2y p.(a + 0a;) = In 2y g (a;) + 552 In 2y 5. () =In 2y p.(a;) — B Z ( ~l)
1

QM.B. (al + 5&1)
QM.B.(al)

3. MB M4 o F1 B BIHE :

Zwle*a*ﬂel =N, Zslwle*a*[gel =F
1 1

6.3 Bose 4rfifll Fermi 44

1. Bose-Einstein 41f :

In25p ~ Z[(wl +a)In(w 4+ a;) —a;Ina; — w; Inw]
1

0In2p.p. — adN — BOE =Y <1n wita le> Sa; =0
ap
l
~ Wi
@ = eatBer 1

2. BE 2% o 1 8 HHHE:

21N 2w =
p ea+65l — ea+ﬁ51 —

16

(6.1)

(6.2)

(6.5)

(6.6)

(6.7)

(6.8)

(6.9)

(6.10)

(6.11)

(6.12)

(6.13)

(6.14)



6 EIkSTFARZMASA

3. Fermi-Dirac 41
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7 Boltzmann it
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7.3 Maxwell #5554/
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_ [2kT _ [2RT
=\ =V

4. ZFhER:
(1) PR

(2) TrigtRER:

(3) MR

5. Maxwell Bzl He21F

]. 2 £
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Lav—aw —pavy=as, glav—aw+2aw)) =d(mz-almz-pLms=
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b T <uo> MO[ 12<M0> (5:33)
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