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el v =T B, 8 2 offeRa =el 1 A@reed 1 o,

(13.13)

P=(1/3)nm y? (13.14)

38 Faafa R &9 fewfomr ¢ () vom, w=fy e
AR o 1 =aA e @, W arkd |, odq a6
AFT T F2 AR T Tea1 &1 sk ot off =gfes
3MEFTA *1 B, TH TH Td G&H IHad ol 3§ W
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e | B, Al SHeh Tk W W TS g6 e @
S & <@ e g W W o ' ®1 (@) T,
39 Foatd ¥ g4 Tl off Tegl ol UL AT
ke ® afmferd =&t fran 1 =afy, 59 gdumon
1 IS TehT 3MTEcd TaMT dl hied €, WY OleHS
w9 W eH I8 <@ Hehd ¢ T 5o sifem wftom o gfe
TEl AT At Fehe H AR | O HE A A
1 STHT H@A - n Av AtTE S 81 319, JfR Hog
Tefess © R W wrEl weEen # ®, 9k
(vx,vy,vz)a’TWﬂaﬁ,WQEW,WﬁfW
ft Swft @ f=1 gRfYe o aren #iE U E§EE %
M T AT (vx,vy,vz)waﬂﬁ?ﬂlmqﬁw
T g @ Al o faaRer TRt e w oumwm weft
TR W BH 2 T HE U B SR T FHR S0

g § Sueig ?) 9 SWie qRehed geifad e
Bl

13.4.2 9 ki 70T Tfdeh &

GO (13.14) 1 39 YR ot for@n s gl 7,
PV = (1/3)nVm ? (13.15a)
PV = (2/3)[Nx-mp?] (13.15b)

&l N (= nV) 19 o 793 | S7upefl &1 el wew B
“rd wraw § ferdlt W A S S @ siEm

AT Ifas S 81 it fordl etest T et

Safor St ot T St
E=Nx(1/2)m ?

e (13.15b) ¥ 79 89 U B
PV=(2/3 E (13.17)
3 W A9 K1 STUFIaeh A o foru dUR 2

it (13.17) 1 3T 49 S (13.3) §

e & W

E=(3/2) k, NT (13.18)

A E/N=-myp?> = (3/2) k,T (13.19)

ateriq, fendlt o70] A1 efra wifast St 19 oF WRe dTg

o STFAMAI B © : 98 oS3l 9 &1 Yepfa, <&

1 R W R T | 97 T wifes R R,

St ferglt g % A9, S T U e, B, e

(S8 SemTfaeht =R el S ®) ©, &1 fordlt enfvaes

Tfr, 8 a1 & sfed e e #Ed § 9 Hag

hTdl &1 SeesAM fdies 3 < q9ra sl sl Sied

21 o W 2 d TR (13.18) I8 W Fdl ©

o aeet 719 & STidfer il sharel 3ok dg W TR

FHIA T, @ A FFAT W TEH| A9 B TH e o

e ® T engel el o eomifa fagia eeet T

HiehToT SR 39 W 3enia fafie=1 g i & gofa:

I 2
AR 3Teel T o frgon o T et < foasror sy

Wi T o ST o1 ANTEH el 81 SR (13.14) i

0w § 39 YR fa@ 9Ed T,

P=(1/3) [nm,p? +n,m, 2 +...]

(13.16)

(13.20)

* Hopd E Safes Sl U, TEd o7 s wifedl &SR0 ff St wisferd 8 gehdt € (e e 13.5), @6

Feel TG W & e il Bl
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eIl WA ST 37erf o
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7 e w1 AR T w2 !()” =g;6<nfsj )
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3E Wl 1 i ag | wafd o o o TAE @
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TR | (b) T ot faferey o faea & 3R
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t 2 X 2 y 2 z

T d9 W, ardia ar= § Tt T o6t efted St
H TH <, > 5N T fman s €, om:
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Fifer =el g o faen =&l €, 37a: TRt (13.23)
Y zfim i @ R

1, 1 1, 1
— mv = — k;T -(=— mv = — k,T.
<2 x> 2 ° ’<2 y> 2

<i mvzz> _ 1 kT
2 2

feepee o wifa o fore st forsdt o10) =t feurfa
T9i o forg &8 i fadenel ot seavaeRar et 7
I sHeR! Ifq forelt T F9aa o arem i JF =, @
T fdemient &1, oIk =ft 3 forelt R T o sTafew
Tfd o fore are #Y oo §e, df shaa T fRene
%1 STETIHA THIT| 6 Th TR &1 9 +ff =7 fovan
S Fehdl 21 g9 Hed € fF Wa W 1fa & fau
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forelt wqut fyoe &t ws fag o g fog o fa =1
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T 1 T @A hife gt €, forae f o feneht
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S % W W v, T v, T FHET (13.24) F T
Ed & o a9 ¥ 59 YR o Yo 0%
3Ed 7H - ke, T T

A SE THWENE TH o st | ohed
M @a= ife gt 81 Afdd 0, @ N, St
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STfafa I8 3T0] 3709 S8 o o 9fia: O T ot
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21 3,

E=¢ +¢ +¢g, (13.26)

e e e, "t (18.26) § O fRw g
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Fftafea 2

Tz +ff e for yo® THaiE v ol @A
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forrt ST W AR fafere o «ifid ¢, %1 9 1,
au 3

C, (THTEH 19 & faw) =41 =5 RT
(13.28)

eyt 9 % fag

C -C, =R (13.29)

aﬁ,épﬁwmmwmwmﬁm%

s, C,=2R (13.30)
2
T 3 faftre o wifikarsti &1 ST
y=G 5 (13.31)
C. 3
13.6.2 fguramrer @i o fag
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M, A THT 5 WA Hife § : 3 WHIRE & 2
off| St GafasH o FEUEER 38 YR & 19
o THh W H, TTT T Fa aieh e,

5

5
U=3kgT x Ny = RT (13.32)
a1 Her fafere e wifad
c, (3 fgwwm) =2R ¢, = IR (13.33)
2 2
(13.34)

7(EW)=%
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5 7
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7 9 9
CU ZER, Cp =—R Yy=—R

5T - (13.35)
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AR 13.1 i 1 fafere s enftast & gigefa
A (9T &9 HT IS Hd gO)
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12.5 20.8 8.31
ﬁ:quy:ﬁ 20.8 29.1 8.31 1.40
s 24.93 33.24 8.31 1.33

Wﬂ'ﬁlszwﬁ@fﬁmmaﬁmﬁé

C, -C,
(Jmol K (Jmol K" | mol'K")
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20.8 29.1 8.32 1.40
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Rt 13.3 39t @ T =g &9 9, 9Ee= 9
W YT TR 7 e WY Al @ 21 (e
T AR B |

13.6.5 ST ahi TafITee SHoAT erfian

TH el ! ST k1 e & o F| g% ] & fau
A Sl 3k, T 1 Wit o 370 | 3 WA, X FEIoH
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o 3R Uk AR % B &1 oFd: TR 1 Wi
CinItce
U=3x3KkT xN, =9RT

Td C=AQ/AT=AU/AT =9R

e TEHT e W ® SR it @ik Sgifaen
Ml R TG 21 ke, e, fetit ames o St
=1 fafire soar oifidr 1 9 1 21 it 1 shelid =
4.179 J 3R 511 1 1 Hiel 18 W B 3q: il &1 il
it fafyre S« ~ 75 J mol! K ~ 9R®| Ty,
TonElel o1 TeH S e1fues Sifeet sTuil o forg @@=
e T 3enia deh 3R A seren 29 B

37d o, g4 ot gafayreH o R gfaftsd fam w—
smuia faftre o wifarstl o qeige o T
Tl 94 i LA H W@ @il SR SR
e fafere o enfard arg R f7eR 721wt =g
G- 7w e ) SR SR S 2, 39 Ui
¥ e foe 3feni=R e o 21 S T 01 gt
werert st fafere o enfiand s T SR STER Bt
Sl &1 TR Haw 39 92 ¥ ® f fr Aaw W
WA= FifA T 3R safaT sTyeret &1 St €1
forufafiaa st =1 5fie &, worm ferft § s
Hifedr erafiafda @t =nfed| f= a R fafire som
st o1 =aer feuufafted Wifde! & sreaedd
Tifdr @ @R I8 oaeR chdd Fdied uRUnet o
YR W& T foha S Gkl €, SE TR weged
ST 3 TIMAT o1l Fo1eH AR | =g hife o
et BH o Tedt € freea | fardt R St g
A &1 1 30 o1 1 i BRI B heel o &
TR § A e s it gaE g 2
13.7 UTT Yo U

|l o TuEtl i T kT Stfueh, o W el % An
1 hife o aUeR Bl B @ o, g ¥ faferer 9
i g 9 ® FW % TR R a% foaia gH o
HThT 3Tfereh TH Tl €1 argree | U T oigel Hel
T 1 el ¢ UE THieT i €, iR, T o 370
TF IR, T A Biel ST & B 21 gHifae o
TER THG T o foq e €| IR s, o
AT ®Y W, TS W@ 1 FeId el W Fohd, ST 9
e aftefda & 2|

feora 13.7 At 999 H fordl 379 gRT gafyq smaa forad
IS T 9] $TH THTT

M ofife, foret 19 o @19 d oI % T @)
Tl 1 79 A fonddt T ifad 10] W s
SRt We et <v> 71 F% fordlt off T8 T o1y 9§
Gog HOT S T T SUET % sl o o i g0 d
o I AT WAL THI § T8 3T (7rd? <v> A T
F 2 T o e g o] TE e (3
fost 13.7)1 A 9fd T T ¥ STU[eT &1 e
ne a HE AY At T H nad? <v> At T H
T YR Gl H1 X nad? <v> | AUl 3 B
Togl o e afiEa S,

r =1/(nr<v>d?) (13.38)

fordl B i ol A ot o, foR
e ek 9 (1) HEA €, B

1 =<v>r=1/(nad? (13.39)

79 [ ¥ O I8 soul 1 § fF @ g
a70] ferrmmareen o &) wq arqd o @t srp e €
R GEg X STupe o oiiga emiferes o gr fawifa
HT S B o7 T GO (13.38) H <> A <v >
o yfaeentya s g oTa: ifue Jened geta g

1=1/(v2 n7zd2) (13.40)
Mg, 316 BH a1 & 3YUEH o oIy, STP W Sl o
<v> = (485m/s)H | TH T o1 She H &
(0.02x10%)
"= (22.4x107)
= 2.7x 102 m?
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afferent

d=2x 10" meA |,
r=6.1x 1015
4T, 1=2.9 x 107 m~ 1500d (13.41)
SIS arden off, SR (13.40) g1 T T Hiem
T 99 1 HH 3T0] i THY T G&A @ W
ydersd: st s 21 frel steafues fraifaq et o
=R nfwan off &9 = 7 8, WA go 9Y H AN
Telt Y eSS B Gehdl B

p 3STEY0T 13.9 373 KW, S a7 H, Sl &
3T0] oF WA HoRl U 1 TThal SiTSIT| SR
13.1 3R THiHR (13.41) ® & T ger1st
IYIMT HifSu)

goT 5 9 o fal d 1 9, 391 a1g & foa /e

TR Bl &1 W& S WH Y o ek el 8l

z@fet n=2.7x10%" x%ﬂxw%m*’

3T WA T U [=4x 107 m |

2 ST, 71ed g 9, 8 IReherl §)1 A
STTTIRATH U ~40A =4 x109m T a1 ¥ 100
T B 1 A G 9 1 IE Sl A & TG o Wrefue
ER 1 Aiesie 21 fon fereht ures o=t o el
ifga &t ferean <1 R 2

STUFTTl TG ST SURART hich , T, S7oHI-<Teiehdl,
e foRRT S Te WY ORI enfuae Tm S
arfagen Wl 9 et fohar <1 wehar 21 36 e &
ol 9 g Feqed SIS hi STHY & 3Thard fohal
T e

HRIIT

1. TE(P), A (V) AR TH a9 (T)§ Hau Teifud &6 arel oeyl 19 g §,

PV=uRT =k, NT

TET 9 o WSl H Fen SR N AU F Fem IR Al ke, HAW: WAk 19 s

AezsHH fadis &)

R=8.314Jmol' K, I, = N

=1.38x 1028 JK!

Rt 19, 3Tey! 19 iRl o1 STfehTiye e oheiel 34 19 qei 19 §@ T & &t 2

2. IRy T o STupId THgid % STHER

Pzinm?
3

TEl n AT hT G T, m Y] HT FEH TS ,2 b1 HIEA a1 el 81 TR AR T
T & e TR § AT 1 U ST e e e €,

1 3

—myz—kBT,
2 2

e -

T4 & g% T e @ TR foRdl g o sqek Rt ot w6 sfiwa it it ki AT @ SR
g 9 A1 ] HT Fepfd W AR T e T Frad qra W i o g o 9 ero) i el

A STYETHT FH B T
3. T st e

3
E= 2 k,NT

2
T T I8 g W el 8-
2

Pv==—"FE
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Sl GO 1 o war  fo 3K Tk feRE WHa T W g | © @ et Sl gHH
w9 ¥ fafa= et w6 § de F Fawifud B 8 IR T W & W IS A8 Foll ~ ke, T B
1 Yok TG TS F[OT s hifE o G STl 1 Ush el ®9 el 8 3 36 S
ot — I, T B T1 Uk S Mg % e et o Q) w9 (e T feerfe) e € @t
THeh |G ol =2 x—k, T=k, T

ol THISH T 190 <] F¥k 7 i i Her fafere Fw i 9 X gehd € SR 5
TR g fafimee So enfiaeti o w e el o wEn g g fafvre e efaret o |
Y foer €1 = Tfq o shoe &0 i o qReborl § Wit 1l 78 W iR o g2 So

HeA YRl U [ 3T0] o S Shideh GEZ] oh &Y SHeh gRI wiold a5 €

1
J2nrd?
&l n WEA W W d 9] T oY R

l:

faomuia faua

fopdt T 1 <@ ohael YR i ORI W & AU &l &idr, dfesh 98 Xl § &Y e foaad™
@A B T W W N9 % ST s Wd areree 1 B 8 i 36 WA o 1 ST 99
HERCGIRS

9 o SFAURAE SO o GeY W gd 9gd 9gl-Hgl Y hiE RN AL ST =iew| qHEe qr
AR e W T ST 3R Sl W SATHATIS S o oIS 6 TH o s¥eR €1 §gd 191 3R 9
? 1 o WA o U © S feRell T W S{aUaHIss g0 T 100 TAT SR U] w1 SATEY
1000 AT Bl B

TS GHTIHSH o 72 &1 89 39 YHR HE Thd e— a9 | Yeh @ds HifE o Y
— T 3l 51 Bt 21 0] 1 et St ok ok § Hoiw fgE U8 U e FHife A S
Tfeul &7, Y& HoA-foe | & W= e (7 7 TF) 21 7 (s T feufas w9 % w9)
ot S 2 x -k T=k T R 21

fordt #m o a1 & 99 10] 9 R IR S (¥ o HR0T) a4l HmY W SRR &l e I
Hifeh o Sgd S W TGHH B B 3R PR W hid @d © | HEee § %y sl Wse
ofter tfereh Bl € (SIH argAvSe W) | SHehl G9E HH 7, s W SEal o foy feerfas
S (mgh) ST | 319] T G TSt S1 1/2 me? 1 Qo § w6 w9 2
<v?> WA (< v >P o SR T el Tl ¥t o ot w1 wiem evawess T € R sw ufv o
e o ol o SR B I Y TH U 1 gfe & foy St ad wehd 22

13.1

13.2

AEH

SRS o STU[etl o AEa 3R STPWR ok GRI *R U ohel SITFd i ST 1 shifeg)
SIS oF T 3] 1 9 3 A Sifs)

HeR 379, STP R fordt 19 (o7=el) & 1 9 g1 =1 &1 3T 21 (STP: 1 atm ¥4,
0 °C)| I T o8 22.4 &fex B
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13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

o 13.8H SAfdSH & 1.00x107 kg S99 & faT PV/T TS PH, I STEW-STel 19 TR
Uk =9 T

ok

v

ferT 13.8
(o) Taigfena Y@ == Tuiidt 272

(b) F TA B : T, > T, A T, < T,?

() y-3181 T &l o THeld & o8l PV/T &1 | 11 272

()3 39 TY & WE 1.00x10°% kg TESSA & foq aq1¢ df oft o= 39 foig W Sl o
y-31e ¥ fierd € PV/T 1 WE 9@ B2 AfE e dl regieT o fehad geAmH ok faw pyy/
T 1 A (FH @ 3R 3= A9 o &9 & I &t eFm? H, &7 37 09 = 2.02 u, O,
H1 A TFAHE = 32.0uu, R=8.31JJ mol ' K1)

T Ao fafeiet fent e 30 et €, | Stferfist &1 SR <9 15 atm W& o
27°C% T ¥ $5 19 et o o o8 yardt () @ R #X11 atm T A9 iR #X
17 °C & Sl B 9 oY T fafeiet 9 stfedism 1 foraet wen femedt T 21 (R =8.31
J mol™! K, SA(FHISH &1 317] K&5HM 0, = 32 )

97 1 T orgell, TTEahT Fe 1.0 cm® €, 40 m T&d siiet 1 qoft ¥ el @19 12 °C ®,
ISR SW Y53 W I ¥ Wl 19 35 °C | 379 THHT A 1 B2

Tk W H, et aifkdn 25.0 mP R, 27 °CAM SR 1 atm ¥ W, 97 o el qupeAl (e
eI, SATRASH, ForaT SR 371 W Teral & U1 Wil §) 1 SN A Sl

Siferam T Y fed A Sl HT ST IS () FE S A9 (27 °C) W (@) gF
I3 AT (6000 K) W (iii) 100 T@ Hicad q@ (AR o Hie F YEAE q9) ||

TAM IR & @ S T & a9 R 5 R A o €1 vt ad o FEe (THRAT)
g %, TR H Faa (fgwmms) T @ ok det & e TeiNEe (SgwEs) 1
B o i S F TG o W STupsd R S wHE €2 @ i Rl o ST o
(=t e qe =) wHe 2

fohe AT W oA T fafeeX o stpstt #1 v, - 20 °¢ R EfeEm T wHET o, H
T M (Ar 1 TRANY SEH = 39.9 u, TS Sfeidd 1 WA S5 = 4.0 )l
AgEeH 19 o Tk fafdet #, 2.0 atm I@ TE 17 0C Y R, S [ o HIeA G 9
T Gog AT 1 STehald hiTSW| ATgeio 3T0] &1 5o @9 1.0 A TS| Sog -1t ohi
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13.11

13.12

13.13

13.14

T STU[A BRI & WO o otd WaAdees do § ol 999 | HIfU) (TS 1 Tfvae
FHAM = 28.0 u)|

rfaftem 1=

1 X et FeRd (3R Tk f R o)) el &fast it T 71 38 76 om HeE W IR G,
I ok 15 cm T i el § Ueheht Tadl &1 1 BT A1 Getl Fw = 1 @i @ gu eft
W1 FHearr FHT e Sy

ol SUHTO W TESISH 19 28.7 cm® s R R 4§ foafid o @ 21 3= fearfeai 6 gt
%7.2cm3s'laﬁﬂ@mﬁﬁ@?ﬁélww1ﬁ'ﬂﬁqﬁml

[EeRe : TMeH o foeRo MR, /R, = (M, /M, )1/2%1 ST SIS, 7T R,, R, Fo: 6 Bt
foremoT <X T M, T M, 3T SMfvoe 3o ) 78 frem st fagi o v we w2

Treeen ¥ fRe 9 1 T SR I 79 HUl ST W ThHH © | 98 Uil §ed Shedt
aft & 5 RiE oft A g9 T @ | S & o, e @ gefad R w wiw w1 s
(3R ) THHEE &I S T | S TR ST SN FET THRT A S ok G WA ¢ |
ufgrs i ‘ardreRer & FEE = n exp {Z—i(flzhl)} ¥ & S €, T 0, HEA:
b3 b FEEE R SIS S h UK B E | T Hey w1 S 39 W | et

mg Ny

forelt 1 o STORITEA W & foTT WHIsTT 1, = exp {— AT (p-p) (hz_hl):| = e

F o fau RIS, Tel p Fcfad Ho1 H1 5 9o o =R TWE o HEqW H A ¢ 1N,
SATENTE] WA, 91 R Hreitseh 19 i & | [Fowd : feifad 01 o Sl SR 1 S o
ferq enferfeEis & fasia o1 ST St 1)

e o Sl 9 Fall o T U T € | Sk TRATIETT shi STHIG T ke (SRS whifey)

IO ol
(v)

A () 12.01 2.22
TEE 197.00 19.32
e (39) 14.01 1.00
feferzm 6.94 0.53
TIARA (53) 19.00 1.14

[HeRd : T ST foh THTY] S Ster o Wi | (ggar @ S’ ¥, qen STenTs) e o
A UM hT SYAR hifere| fRT off efraent fafi= wHme e o fou oo g’y Wit et
qemsTi &1 faaga S1emel: YA T8l wI AT Fifh 3¢ Hoted |idhed &l ®&idl &
THITETS SR FD A WE H 2]




