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ufieherl | wimfed &t R €1 =afa, 39 gEemon
1 H1E T SAfecd S d hicd €, W o
®9 Y T I8 3@ T ¢ % 359 oifm uftomm & Ffe
&l Al At Hohe H EaR ¥ WO i ol TS
1 3TEd WA - n Av, At T S 21 379, i Teg
Tefess § SR W Uwm wmEh weeen ¥ 2, Ak
(vx,vy,vz)wwaﬂaﬁ,ﬁﬂg‘a?w,ﬁﬁlw
ot STeht @t fa=1 yRfaess am aren +iE & 99g &
IR FE =T (v, v, v,) W@ HL AT FElF T T
FE =B at o w1 faaRor Temreh Wl w umem |
THOT B e R HH W Rl SR 39 YRR STusti

o Heg (ST e foh o Wgd Sel-Steal el 8 ® ©
3R TH GO H o GHY < Hegl ok <t oh GHA i
qor o SUernig €) ¥ SWiek Uieher wHied el
Brl

13.4.2 9 ST U] Tdeh AT

GO (13.14) 1 39 YR ot feran s gehan €,
PV = (1/3) nVm (13.15a)
PV = (2/3)[Nx-m | (13.15b)

& N (= nV) 79 o 993 § 1usii %1 ol e 2
& ek | forat Ui 9 & erueti i st

TMIGT Tfas e Bl it et st T

AT T ok TR e 3

E=Nx(1/2) m (13.16)
T (13.15b) ¥ 99 89 U e T,
PV=(2/3)E (13.17)

e W A9 1 SUFIAR AR o fT qaR B
TR (13.17) o1 3E9 T T (13.3) 9
s w3 |

E=(3/2) k, NT (13.18)
ME/N=—m = (3/2) kT (13.19)
arerq, ferell @10] =1 Sfd Tifast S, 19 o WA AT
o STHAMA! Bl B : I8 37<e 9 1 yehfa, T
q ET W SR T FA| TE T Hiferew (TR g,
S fordt g & A, ST w1 T T, 99, g
(TS FHMTRRT =R el Sl ®) §, ! fopelt anfvae
afer, ot e 1 i R et Fed ¥ @ wAg
h3dl B SiesraH fadies 39 < 99 &5 Rl e
21 M ¥ W al GHIHT (13.18) T8 TR I ©
o aTeel 1 &1 Tafes ST ahael SEeh 19 T et
FHA €, T I A W AL a9 H 39 e 9
o € T emeet |l @ sropifa fagia emeel A
eI IR 39 R i fafa= i fremt o gofa:
A B

a1fsrar STeEt i o T o g et < fHeor i
Wik T o 1 <l ANTEH Bl €1 SR (13.14)
U ®9 ¥ 39 YHR fa@ gEd T,

P=(1/3) [n,m,

+n,m, +... ] (13.20)

* Hohd E AR Sl U, foraw o= wdsa sifedl & wRo ot St witnferd & Tehdl € (R 9w 13.5), 1

oherel TG 9T €1 ok Sl 2
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e sies et

g o XU T SoHA §, S, A1, ST S T Wl o 9 e W of, 3Heh ge STupeti o o qHH
T B Togl o wROT g 1 A R M 1 fen uRafda et wdt €1 qenfa, GremEwen § =l
o1 oo s = fea @@ )

agd 9§ fiei & o o =ERR #1319y ¥ 9Hg =l o 3 faa 9gd meeyul ud 3wt @l
S &1 Ueh SETEl o &Y W, 3 TRt el | @ bt 31 W foeR Y| ek SAfeRd shi 31 i IReher
¥ gftafed #3 8 - e & #1 g9 A S qgel § i Gehd ® : 20 99 q #1 g & o,
20 ¥ 60 I TH I MY o TIh, 60 99 W Ak g ok gFI| AR eH sifew faxga SHwrt =nfen
Al TY o11g ok 3R SIS HAA Gl THE A Thd B : 0-1, 1-2,... 99-100 o4 g o THE| 5l g FHI
A HH H © Al 3@ AG-IAA § A o1l A 1 FEeA W HH e S ¢ Iqeoned, e o
ST | AR 1 T Th a8 a0l H AN hl WA 1 T el SRft| 3Ty 37a¥e x TH x + dx
o @l 1 HE dN() S dx S STIFATIA BT ST, dNGJ = n, dx, T&T n_ T STAR T
X T x+dx & A & S § @ # Hen B AR 0 F e S

o 0.5 1 Av 1.5 2.0 O/ Urms)
sTfoeaer =rell &1 Hegaer d27

T ER, offvae Ifadl o ded W foRR R @ Wl v W& v + do F SE SURT &I 9e
dN(v)=4pNaSe’b”2v2dv=nvdv | T8 Hoad s Hedd %Inv aﬁwé:ahwwfasrﬁm‘m
T RIS TS T G R =t o TS v+do & o9 @ W H i gzl o el oh ek gt
Tl 2 S feret Tfer T S, WERE <u?> = (1/N) | o2 dN(W) = Ak, T/m) BRI Ufeog feran S
2 S stfrer Wfier umoneH o SUR W e il § fierd 21

TR © fafe=t i % s # oiwq s F9, kg
Holl WM Bl S| 37 B
v2 =3k, T/m = (516)?m?s?
"M o=mme =BT 1 g FEH o WA GA (rms)
S, P=(n +n, +.. ) I, T (13.21) oo & iR o, 50 fffe ww 2

( B <?>9 o 9o 7)

v = 516ms’!

TE Sleed &1 AR <@l w1 T B

TAEO (13.19) ¥ 79 fRE @ F stoped w7 4 = FE 9§ A F A % T
Tl = 1 STAN T R | EESH % TR wHen (13.19) § B9 3 Y W wed ¥
9 I T=300 K, a9 W HeA o =1l e YU M9 TR geloh V[ i rms e A Bt 2



a1t fagia

337

P 3eTEvUr13.5 Thdl T § AT T FARA
T o ® fSeh $omE 2:1 % o | g
frgror 1 @9 27°C B1 <A TG o6 (i) Wi e10) T
e TSt STl o1 STUT (i) JHT T o STopet
%1 o7 WIeA Yo Aol v 1 ST [0 RS
3T ST THTY] FFAH = 39.9 u, FARA S 37
I = 70.9u

ge7 Il 9% WA g Heequl o 98 € fo fdh

(aeRh) | = (ufa o)) siva MRS St (SR 96

3T 1 TE Teh WA oI, FAA ] e T5ah

2, oy S ff @6 A ) ged € (3/2) kT

o e Bl ©, T o ag R R et ® oIk i

1 T T Freit T

() Ifer v § e iR Tl ST T qrg FHH
®, od: T QW wI (Wla 1)) Sfd A
Fofiel T UM 1: 1 B

(i) I - mv 2=gﬁraﬂlaﬁmnﬁawﬁ=

rms

(3/2)) ke, T &1 m T4 o Th 3T &I FoAqH 2|

(Vs ) _ (m)e _ (M), _709
(v2.),  (m)y (M), 399 =17
TR M TG w1 AT € (WA T W] €

IgHT AN B1) A T&l BT A oH R

= 1.33

MU 39 T2 W &AM g ghm fof ST aRehel |
fasror o SmMEI oF SMUR W HEeT Hit iz FERTH
& €1 AfE 19 1 7 SAUREtid Wl € a 3N AR
FARNA oF FAE fordlt 31 o1 H B, a9 +f
(i) TS (i) & IW &I Bl <

P 3GTEYUT 13.6 RFTEM o T WHETHN o
T 235 u Td 238 u B Ak gfTEm
THRIHARTES T | 3 S gt fawm
a forgert 3iga e stfus Bf? afe vk
T TEN] FEE 19 u @, @ fedt ot a9 m,
TTRT ATel § Yfavd STaX STehfeld iferg)

gor : fondlt Frora @9 R 3td STl = 1o m<u?>
Tl 1 o7 319 1 FAHH TSTa1 A B, SaAt €
s1fien e STR! I SRTT =Tel 1 STII, SEHM o
U & I o FchHAl 1wk T8l geAHE
349u TH 352 THEAN B, SEleIT

v = (352/ 349)1/2 =1.0044

349/U

352
. . AV
Al ok 3T’ T Afawd ~ =0:44%

235 o HHEAh © TS SMEeTehdl AM9h
forgied & el 71 39! 3ifies AN W 9T M AT
TOERATE 238U ¥ YAF L o forw fasor # s
Ty faferet g0 =m 3 9§ =R 24 81 oy fHferet
el AR 1 AAfchd hT AT AMMET difeh 9] Tl
Tl 1 el ¥ Hog T gL Th Teh HL T Heob| €A
suE ®1 gad H dewd § ded ae )
afier Fem o @ % 9@ U SR 3@ YRR
Ty Taferet & el ook 1] 31fires AT § Y S
(Hae9) (<fEu fa= 13.5)1 =@ fafy stda g
T & IR ww Her o foly 39 %E AN <EdE
e 2l <

e T foafa e € @ s fam &6
T Ik ST o FAHH o A oh SFGRATIAT
gl ? (IfET v 13.12)1 FN OSWE I
o SMER W 379 TH T4 1 A 1 SGAN ol
T &2

"

fer 13.5 T% WY FaR ° ToRd §T 377
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sfifereht

E

3QTETT13.7 (@) d g 210] (AT AR 75
fret (9l R 9 U@ €, @ I ok
T 7 S = § faea faen § A wtear
g1 59 HE 713 JgAgdH ThS T 9 oot W
THAA B, A oFf @ @ e 21 qenfy, 5« T
AR R 9 gC Soel § TR ©, 1 T8 T
o ¥ a9 oied ¢ 39 fefa o g 1 =
IUeNehd H eIl B A1 SIfue? (IAd 6
YA GUSi W Hafyd Ut AR ATl H
TR | (b) Tea o faferet o foea =1 3
1 R eohel Y S TREl 19 1 Hifed fHan
S €, 9l 39 9 1 99 9 S 21 S () §
T STUFTT fagid oF 3TMYR W 39 UeToT i
R it (c) T o fafder o gdifea
9 S TR w1 a1t Hehelehl therdl © df &
B B2 q 3T A Vel HaI? (d) Weld T
T g Tk A See ST S 1 TEY
1 7! el YRR 1 1S FErd Toerd 872

2T (a) A foF Soet oF Wi Rl faferel o et 7ig
e u B 97 ferferel oF |e seet V = | TiE S AT
3 @1 21 I See] o |Ue 18 i =16 V+ u R, i deat
H AR A BRI A doel W TR W9 Tg ooy
dledt & d1 ded a5 wWidal sHRET =@A
V+ u 5ol § R AT 3R E 37 fafhe o amer, e
T TR A A, V4 (V+ 1) = 2V + u, Tafhe § R
TS Nl 37d: 39 YRR TaHM seel § Geg o 999 1%
1 = 9 S 71 A soon 9 T § o wfer =t
ud HH BRI A o fIQ sHent 319 A9 § gfg BRI
(@) &F SW & SMUR |, 379 39, (b) (o), (d) F
IW R Hehd B
(Fohd: 39 GTad W &H 3, fied > sean, fafde
> fafere, 31y > 7)1 <

13.5 Foll o UGV 1 o
forel wehet @10] 1 TS S Bl @

(13.22)

T a9 9, ardg ' § et 19 w6 el e
F A < > g TR fma s €, o

(13.23)

Fiifer Tt ST o feon =27 ®, 31 i (13.23)
Y 3 e © T

(13.24)

feeree™ H 7Ifq o foau w@a foret o10] =t fearfa
<9 o fau g6 & Frdenshl 1 sTevashar gidt 2l
% gt Mfd fFdt T g9aa o a1 & & W,
3 FrivrR #, iR A% T R e Y ¥ s
nfa o fere srem = g S, @ e e
1 SETIRA BAMT| 36 Toh S &1 § ot = foha
ST Thdl €1 B9 FEd ¢ R W WE T ok feg
T dl feepeyH # W o foly T wife diF R
fonelt Wyl fave &t T fog & W o3 o 7fa =i
Tl T hed € ord:, oo o Tfa & fag
T 3] T dF W HIfE Bt 71 Tk i
Tl k1 Ush W=d hife eidl €, foraw i o fenht
HTW@?WW@W%,WU@QE‘T—mUXZSﬁT
= & WgW W, T o, T THET (13.24) F 7
Ed ® o A a0 39 YR o Yois 0%
3Ed °H - I T 2

A S THRAE T % e W ohaw
AT WA Hife Bt 81 AT 0, a1 N, St
fwRm 5 o fawa & 1 %hE "WehRd €2 0, 3]
¥ 3 TFadT @i ®ife @ ed & €, W, 37
SRR o8 317 37T FeWH oh% o6 IRa: o Tfd off
F gehd 21 Tt 13.6 H, Al o < wATIgSH i
Sre aTelt 3@ o daad a1 @as YUE A4 1 T 2
Ty Y € foer aia: o7o) sl T e wehar @+
T T SIS § U H1 YO WA Hife B
3 YRR A ol H TGN ol Ta ooit it
Tl T A 2T 7

(13.25)

AR i e et Y@ o aitd: ol 1 Siee Sl Sgd wH B § iR Feied AR HRon o gere

Bl Il SR 13.6 1 SAfam s fEu)
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fer 13.6  fERATE 79 & 31 WaT quiT 37871

&l 0, Td o, FHAA: & 1 T 2 % IHG: Hoia =
A TE [, ST G -l Bl e dif,
Yk U WA hifc Sl H Tk U8 1 ARTEH il
& Tt =it wfa o forelt =R o1 ol wftaferd g 2
TR T I8 W o 7, fF 0, 1] T “3g
it &, s1eiiq, 9% @10 A &l w0, % fou 7w
RO, T (W A W) GE uE T €, W Eed
=1 FEl Bt CO S8 F9 1], WH a9 R o 5
U HW €, Nl S T, AT 38T
@%I‘Eﬂ'q FH FW B (FF W ;S
AR S IR A S § T 0 g,

@ a‘?’q-vrw%r%ﬁ%ﬁm% 7,

1 _(d 1.,
g”_Em(stIJ toly
el ke AlcTsh 1 9t Tdieh Td y 38T oA s
HEECH

£=¢g te tg, (13.26)

T: =aF e, g (13.26) § ke @
HUF-Zell U3 H, T(d ok oA =0 y T dy/dt o i
gfwferd 2

g ot @ fF TF TR T qoll |
Ffe 4 @ ww @ “afffd )" H1 FEE fma §, W
THERTT (13.26) § T 70 o w@rasa hife o |e
1< ¥4 Tifasl w9 feufas o =9ea 6 o Q1 afia
o5 €

TSl o SR H TIE fgE 9% ST0] R el
eI e 1 Teh @7 wardl €1 €9 3@ g § b
™Y qY T R g GrmeEeen § WHaad fd o
TF T % AU ST S - kT 21 Heuem Heee

g fag feu v fer ufafteq wifersa aitet &
Haifues IReRd f9g1d o STIER Sell o fa9sH o
T & H UHI & el © 9 Sl T &, sl
Bl A1 S STl &1 AU AT W o, S SHE § 9
T goft Ga Sell w1 R dfed it § IR gk w5
¥ oi|d i - kT W S R A Sl @
wﬁrwﬁm%w et 3707 1 T
TS Ul WA HIfA H TedEw — kT sl 1 IR
i‘rﬁ%vmnqoucqchqvwwi%Zx I, T = Ik, T st
1 TR 3§, R, S w e SR e
Tl WBR T Sl 1 AR e B

Sell oF FHfaSH W 1 Iyt 39 gwae &
fqua owg @ 91X T el W Hgifask ®9 W T H
fafere o aiiar 9@ 9@ o faw 3@ f=m &0
SYART M| 1% | 6 1 fafere e o o6 fag
ot 9ok SUAN 1 Hier foeror 1)

13.6 fafyre o enfiar

13.6.1 TSHUTHTTE Tl & fow

THITAT 19 o 210] A sheel €I THladE e
I Bl E1 31: Tk Tk (9] i T a9 W A

o (3/2)k, T BT 38 THR 1 79 o | HicA T Fof
AR S,

(13.27)

T ST R HieR fafTee S eI ¢, 1 9 &,

C, (THhIEE 79 & o) = = RT

(13.28)

st 19 % forw
C,-C,=R (13.29)
e, c ford <T@ T TR fARTS S )

Ad:, Cp= R
31 3 fafere o enfianedt o6 erua

(13.30)

(13.31)

13.6.2 fgurumures &t & oo
S e T fohar S ekt @ TR fguAnrs ety 6
ST SR Bt 2 IR AfK 39 3T i g Hoit
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sfiferent

e, @ TUHRT 5 @A HIE § : 3 TAE T 2
Ot | Sl FHfESE o fFEEMER 3 YER &
o T WA h, TAT T Fa AaReh e,

U:ngTXNA :gRT (13.32)

31d: Hier fafyre o wnfiard

C,(TmAT®F)= R C,= R  (13.33

y (3@ TguHe) = (13.34)
sifafted 9 w9 ot wfiwfea 2, @

C,=5R C,=_R y=_R (13.35)
13.6.3 SEUXHIU f6i o feg

% €9 H Rl SgRAE 0] °§ 3 T, 3
it W@ Fife T g M den (f) & S
9 B €| ol FHfaWSH o FRETER 98 gred o
TH S Gohdl © foh T R #1191 G H
FA SAARE Sl
U=(% k,T+ IT+fkT)N,

I C,=B+fNIR C,=@4+fIR

(13.36)

oI A, C, - C, =R T+t ateel i & fag
T ®, Tt W =% 19 THEn 8, G 8
3T IIENE ff F A B

RO (13.1) °, T o, sho &l T SUST i
B, 3! fafyme oq wniaredt & fawa o dgifas
TaiHH i geiteg fRan T 1 3 W wRei (13.2)
o fEu U e T o forg fafire s e o
YrEifire /A 9 R Ao @ ©1 9% 9o 7, TR o
% T & (S wreolt # ¥ <erfé 7€), S Cl, ¢ H
Ml wgd il U T ¥ GHROE: 3 T

AROR 13.1 T w1 fafere o enfianet o geigHi
T (ST F9 T IUT HW gU)

ia =it c, c, c,-c,
uqq-ﬁr @mol 'K | Umol 'K | (Jmol*K?
THIH[H 12.5 20.8 8.31 1.67

20.8 29.1 8.31 1.40

24.93 33.24 8.31 1.33

AR 13.2 F2 W w1 e son aif@et %
HIyd |
ggﬁ[ @mol” K |(Jmol” K | (JmolK?)
THHNE  He 12.5 20.8 8.30 1.66
THYHER  Ne 12.7 20.8 1.64

8.12
ThTHh  Ar 12.5 20.8 8.30 1.67

m H, 20.4 28.8 8.45 1.41
fgue s o, 21.0 29.3 8.32 1.40

W N, 20.8 29.1 8.32 1.40
N mo 27.0 35.4 8.35 1.31
TEURHAIE  CH, 271 354 8.36 131

fafere o1 enfarstt o #M 9reft (13.1) ® R T
giferer a9 stferek o T 2| 3T @1 7 gI TR
Iff &9 Ui o Shud ®Ul oF AR i ot
fwfea =%, a wEifTes we Sgifas @ o st
Hfa gferer Bhf1 374:, WM a1 W el FHfGTSH
1 fm, yrEifTeh &9 9 o=t e T Bl R

P 3eTETUT 13.8 44.8 TR Trad Wi & U
SR §d9 | STP W Eifer™ 19 9 21 39
9 o 99 W 15.0 °C gfg w & fau frat
ST Tt SMEYTehdl BFt? (R=8.31 J mol-' K1)

Ze7 : 9 90 PV = URT 1 SN ik 319 7€
G 9 <3 Fehd ¢ fom Tt oft et 719 ok 1 Hie
1, HIF d¥ (273 K) T8 €@ (1 atm = 1.01 x 10°
Pa) W A 22.4 el €idl €1 36 Weieh S
1 ‘HieR 3T’ ed &1 31 39 ISR § adq o
fie Eiferam & 2 Wit €1 it giferam TehaHm] T
2, s frad e w fafire o urfian
C,=(3/2) R, a1 fraa <@ W fafere o enfan
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3@, dr Tavara =
1 RATET hl 3R-SER Ared TU @ T Gehell 7, Sieh-3ieh a1 LY, T SIS UHT € Gehell &1 79 Al
o TTRTT i <ot o 10T GRT Hehel S U 3@ Tohd 21 TSN shi STHMT ~ 10°m 811827 H, Whidels
& FAfTETEH, Ve oA 3 Sl § efad el oF WHTHTT 1 YeAei o Tev &id 99g I8 = iR
éé@ﬂ%qﬁWWWWﬁaﬂ@?

ST fagrd 39 e #1 UF el S TN Fi €1 9o § Feifad R five w s % e
Toft fegned § Wz d wd §1 Fifn Ao 1 i Agtess B, T wh T @ "6y S ol st
1 G T S € T Tl feen @ SRt Welg i ol WAEH i SEA gl @1 9
3 FT o%g o faQ 37 o7foae Hogl &t 9 § @ o Gzl &l I& &1 o § e gH
o HRU TH TS St A w1 g frE T7 v

Wﬁgwmﬁmmﬁaﬁ@ﬁﬁﬁ@ﬁ%mﬁﬂﬁmmﬂaﬁ@ﬁwm
Hegl ol & § A QU Ui 8T BT i WA (S A1 3T @A) o SIS o §ad WEgl
5N frafed five W Hegl o %R0 STNG Howll Tal o SO 1 arT I 81 sianl fdt 7 foret feam
ﬁ@'ﬂﬂaﬂaﬁiwwgﬂﬁﬁﬁﬁélma%'ﬁﬂgé‘%ﬁ’%aﬂﬁvﬁrohml%aﬁ“{qlcyv@chaﬂ
T HATTS Wl 81 STSTehel SISt i sheel arell STu[el &1 78 i enfuae fwareiern & Th g
THTOT €1 T ST 50 6§ hESIeT0 YT (scanning tunneling) T 31 Tafvre geasiim gr, sroget
1 3@ W @ 2

1987, sl & writd fog & o=feh o1eHg Sdd A 7 Shaet vl #1 3@ § gherdl WE, 9%
g 3! forga TRele sT=r=afsansti &1 ot <@ Tek| TET o Sifd ofeq ofafy, S0 WIeIhehs &l hife
Y off FH Al a6l S YR T LRI T 3R] YRR Y, 31X 3Tk HIdl ook H9G L 9101 (HEY
%wg%ma‘tmmﬁmmﬁ&z@aﬁiaﬂﬁwaﬁawmmmé‘lsﬁaﬁw

|

A
C_Agcm{wz?lﬁ%lwﬁaﬁquﬁm%

HERTH S A H o fAT ¢ 1 ST | 314
AETS ST = Hiddl i W& x AR fafyre Hu

(13.37)

WRUM 18.3 &7 o a7 U4 aFredd 6 T §9

|l x s 34l 1 fafyre o1 it o 1
=2x1.5Rx15.0=45R
=45x%x8.31 =374J < vard @ | fafire s after | diew fafvre se
&It kg 'K') |anfar(J mol 'K ™)
. Tfufem 900.0 24.4

>

S F1 fafTe SSEIRar 9w o T o 59 Sl s 386.4

24.5

TafgaSE 1 FEE @ # ad ¢ G e % j; ;22: igg
o o fomm ifSw, St N EgET w1 S @) yes T 134.4 24.9

TRATY] Ao AT fefd oF ER-SER A R T 2

el THfodE %9 # ST S 2 x% kT
= kT 8\ fafaia st o o sfem st 3 &, T 21
W % 1 W & AN = N, 3R THH! o S
Ex|

U= 3 k,T xN, =3RT

a1, 91 @ WAQ = AU + PAV = AU, Hifh
et 3 & faw AV Suamig 21 em:

greft 13.3 <@t @ foh =amveh &9 9, 9= drg
W YIS YT AN AW el @ &1 (SR
T TS 7) |

13.6.5 WA ohi TafyTee ST &qriar

BW STl i Sl w1 HE € oid €1 Tedsh W] & g
ST ST 3k, T 1 5T o 319 H 3 T, X BESH
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o SN Ueh SIS o BId &1 37d: 3Eeh | Hiel i
AR el
U=3x3KkT xN, =9RT

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

g THH e O © SR it SN dgifaes
Ml § hTRT FHE S| et U, Tl A § s/
1 TS oA o1 1 | 1 21 iR, 1 ohelidl =
4.179J 3R STl 1 1 9l 18 UM €| 37d: Scl shi Uid
Tiet ferfsree oAt ¢ ~ 75 J mol ' K ~ 9R €1 ey,
Ueeh il =1 TRARH S 3ifuen Sifeet AUl o forg wmasd
e T SMUNG deh 3K ST o= 39 2

3id °, g4 St wafayeH o o wfafted fem =
smuRa faftme o wnftarsti o qaigAe & &
TEEYU U I AW H @ @ifeul SEer $TER
R fafemse e enfiand g o fAeRk =t il W)y
S-S B T i w1 SR Sed S ©, 39 Wi
o oy foreer gier=r BF o €1 5@ T>01 |t
wrelt w1 fafere e enfiand s i SR SRR =i
St §1 gEeR Haw 3E ae ¥ § f fre oam w
T A Sues 3R safag STy 81 S 2|
fopesafin W50l 51 dfie 5. oo e i s
Hifedr emafafda w =fed) f= a w fafere som
TaTstl o1 =IaeR feaRufaftad difde! 1 Teqaeral
Tolal ® 3R 7€ oAUER chad FdlH RUNS o
IMUR W B T foma S gehdn ®, St R weued
SMEEIA A <A o1l Faied Afh! o W@ra=a hife o
T B ® e @ FrT W f e S g
AEYTH €| € TH &1 h1 o HRU € Al T €
TR § o Sl w@asd i gaEl B 2
13.7 HIe Uerd U

T o erupeH 1 Tl TRt eferk, 9 | wafd ok A
%1 e o SR Bl S| A off, WiER § faferet 9
S e B g A A e
FHTHT ek T ol B IHed § YU 1 aed sef
% = el ¢ UE Ui B ©, ik, 19 o o1
T IR, W A&d BIET ST & B &1 THe 3
TWER ZHd W & fau ae g1 gRommeesd, 3
AT 9 9, T W H Ford el 1§ Hehd, ST 9
R uftafda & =1

fer 13.7 At G99 T fohdT 379 GRT y@ida smaa foad
FIE I 37T T THA

o fife, forddt 719 & @19 d = % T €
Tl & 319 A fonddt T Tifqe o10] W Shiga
et 71 =Tt <o> B 7 fRE off T8 T ey 9
TEZ HOT S T X A o kR o o= R G d
o AR S ST AL FTT H TE TR (2 <v> AY) T
Hl ¢ FoTd o1 aTen FE o1 398 TR (S
o= 13.7) | AR ufd ik T ¥ 10[sti @i He&n
n® @ B T At T H nad? <v> At T HAT
T YHR G HI R nad? <v> 1 A I HiH
Gogl o ot sfiea Sfae,

T =1/(nz<v> d?) (13.38)

foref 21 wiow T % A9 3 o 0, f
e gt 9 (1) HEd €, BN

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

9 I W B T8 Hedd i foh TR g
a70] fermaTeRen ® B Wy 9 ¥ gl er) fque €
AR TEg < UL ok S emuferes o g fwifa
FHT S 2 31d: B THEROT (13.38) H<v> i <v,>
Y gfceentad T B o1 STfien Fened SFata g

(13.40)
311, 376 §H 97 o R o fole, STP W i &
<v> = (485m/s) @FL [ TS T 1 3Tk F ol
(0.02x1023)
n= (22.4x1073)
= 2.7x 1025 m>3
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d=2x10°mod |,

1=6.1x1010¢s RIS
T, 1= 2.9 x 107 m ~ 1500d (13.41)
St a9 off, TeteRTor (13.40) g o e e 3: W YK U (=4 x10 " m <
TH WY H A ST KT SAHY T @A A R o A, W g 9, @ uREer g1 9[

yigetd: fdt e 21 fodt srcafues freifaa e o SR G ~ 40 A= 4 x10°m 1 G § 100

R nfhaT ot w8 9= 7 81, 7T I 9y H A= T %1 e e 99 T T S WH & e % e

Tt ] aTE & IUEL Bl Gohdl Bl S S S N
p 3STEVUT13.9 373 KW, el o4 H, el o Tif T fFa ST T 3

3TU] o T4 o 9 1 SR hIToIT| STEIT] .

13.1 3R Tt (13.41) | & T gere w0 T mwww’ S ’
S, e oo S Tqd B Tl o enfudes S S

Afqgem gl T Gafud foran S wehdr 21 3 e %

ZeT S o o fAT d 1 9, 391 o o fAIC AM Heielf @ € weued v i ST 1 ke fha

R B &1 W& S TH A9 o Sk 2l T |

ARIIT
1. <@ (P), 3 (V) 3K WE a9 (T) § Hae wenfid & gl ey 19 S 2,
PV=uRT =k, NT
TeT u T § Wl i WA SR N ST i W@ B R Tk, HAY: Wk 19 e e
deesdH e &)

o
B RS =210 m”? 3

373 R=8314Jmol"K', k, =Ty =138x10%2JK!

ardfeas T, eTeel 9 THieRor o1 SifuehTfu® U Sheel 359 a9 ae 1 <6 W a8l
2. areel T o Srupfa fagid & SIER

T n 3R T G T, m 3] HT FEEE T TR Wi ol Al 21 gEeh! eyl |
THIHTO o T A 9 H TH SR A W w €,

_ [3i,T

m
7o & 7Ie 9 g1 @ fop forelt 9 o1 a9 s@eh fohdl e1u) ot afted TSt Sl 1 A9 © @R
g 9 o A9 HT Yepta W 9 T wean G Frad qra W i o fHee § 9 ot B elea
el AYeTeRd %9 Bl
3. T s et

E=3 k,NT

2
T8 e 9% 99 W Bl 2

PVv=ZFE

w | o
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Tl gafaarsH %1 oM S € & afg th Fee waa T W greEeEen | @ $od S g9H
w9 ¥ fafe= o w91 d HT STewifud e ¢ o e ®9 & W S A8 H ~ ko, T Bl
1 Yeish TG TS ST > hIfE o Gd STFRIol S Th Sei 9 gl € SR 56l e
Sl — I, T EIe 81 Wedeh sho SR o @1e Soll o < 9 (et T feorfas) ged € safer
THeh WA ol = 2 x — ke, T= ke, T

il THfFTSH 1 190 o] ek g9 i i Hier fafere e i w6 w5 T © iR 39
YR U fafire o aiiiared o 91w 16 % TN g e fafvne s unfiared o a9l
Y fierd €1 afE 7fq o &9 w0 1 ot IRererl § G ¢ df 9 g ) 9 See a8

HeA WK UY [ S0 ok QI ik WeE! oh e SHeh g et ed i @

1
V2 nzd?
&l n H&T e Th d 9] 1 A B

1=

faomuia faua

1.

fordl T 1 <9 Shad ¥ 1 <R W & 3TRIYd T2 gidl, sfes I8 Tt § 28 e fommm
TEdl 21 949 § W@ 119 o SaH IS Oid Grererel | gidl 8 i 99 Ud o il SR GHH
HERGIS

T H SRR S ok GeY § eH agd Sel-el Y HIE ¥R T S T1fEul FHE arg
3R T R T ST SR gl § SFAROHAE T o o1 6 TH o 9N 81 §gd U SR 5w
g @ 9% Wred g 9U € S fRE T ¥ SR < %1 100 T SR STU] Y STHIG H
1000 AT BT &1

Sl GHTIAISH o 72| i 89 30 YhR 8§ Fohd e— i @ | Yoieh s Sife o qel
— ke, T 3l JS1 Bl €1 0] 1 Fel Fofl o ok H Jorh fGamd! 7% T w1 hife fr s
EW 37, T HoA-Taen | < @e=a Fife (7 o ) 2 § (s v fearfast &i o @)
St S92 x -k T=k T i 2

fordlt M o 91 & Fa A9 i 7E IR S (TF@ ok HROT) qA B W AR AL 38X S
i 8 gd a7 W THE B € SR PR Hog hid @ © | WreEe § w9 S WO
offg] fereh Bl € (S8 aHUSd W) | THehT Y9 U €, il A Sengdl o fau fefas
ol (mgh) &1 O 1] &1 Siga Tfast et 1/2 mu? HT ol B HTH w9 2
<1?> TF (< v>)? & SR T e ferdht Tfer & ot &1 e srrevaw T € R sw ufn %
e o o o SR Bl 91 Y 3 o w1 Yfie o fou S o Tehd 22

13.1

13.2

1T

RIS o STUET o 3T SR STP W 3ok R SR 7T el 39 ol STUI Hd h oy
SiferdIS o W 1Y) &1 19 3 A difSu)

TR 37Edd, STP R fordt 9 (amest) & 1 Hied g1 =0 T SReH 21 (STP: 1 atm <,
0°C)| =3 F&F o8 22.4 ofiex B
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13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

fo 13.8 ° sifafis & 1.00x107 kg $&99M o felt PV/T Wa PH, 3 Tel-3Tel ardi |
IR <9I T )

v

o7 13.8
(a) Teigfera @ = gt €2

b)FN AT : T, > T, Fd T, < T,?

() y-3781 W W&l aa e € o'l PV/T &1 OF 1 272

(d) I T TH & WH 1.00x10° kg TEGSH o faq o=d @ ot @1 39 fog W <&l o
y-31e1 9 fierd € pv/T w1 A 9@l gim? afk 7 i grEge o fhad seaWH & fera pvy
T &1 I (FH @ 3R I=F q19 o &7 o 70 90 BAm? H, ST 319 Fo99 = 2.02 u, O,
1 3] SFUF = 32.0 u, R=8.31J mol™ K)

T atferdie fafeer fment emaad 30 ofieX €, o atferdisi w1 3R T4 15 atm T a9
27 °C 31 380 @ % 19 el oiF & =g yArd (1) Te iR #1211 atm TS a9 iR &
17 °C 81 el ©1 F1d Hifeig foh fafeist § sifedisT &1 fohat amn feredt T 21 (R= 8.31
J mol! K, SIS &1 Y] S&qHH O, = 32 u)l

g HT Tk JeAgell, TSIt 3G 1.0 cm?® ®, 40 m Tedl 3fiel &1 defl ¥ W&l a9 12 °C %,
ISH SN TS W A € &l 9 35 °C T 3T THRT I 1 M2

Tk HW H, gt e1fidr 25.0 m? ®, 27 °C 99 3R 1 atm <16 R, 91 o ot TpeH (e
SIS, SIS, Serarsy 3R 3= G4 7eFd] oh %0 Gl §) 1 @A T HISy)

s T FT SEd qHF Sl FT SR HINT (i) FE o AW (27 °C) W (i) gF F
I3 A (6000 K) W (iii) 100 TG ehfead q9 (AR oF SIS H1 WEUH dq9) W

T i o fF T § Tk g ad SR ge W il €1 v A o i (TwEE)
T 8, T ¥ FaE (fgwm) T @ ok del § qfem 3ereiNEe (SEaREEs) |
B i S H TG o W STuei it we gHE ®2  d wehon | eropet iy
(=t HreA gt =) wHE R

fore a0 W e T fafeet & st &1 o, , - 20 °C R feEm W st #o, F
TSR BN (Ar 1 TAV] §FAME = 39.9 u, T a1 THY] THHH = 4.0 u) |

g 19 o U faferet §,2.0 atm <@ TE 17 °C @19 R, A5ESH Y0[e o H1e7 Gord U9l
T GEE ST h1 SThe hifIT| AESrST 310 i 5531 T 1.0 A TSI Fog -1t i
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13.11

13.12

13.13

13.14

T ST R ] Wl o Se Waddgdeh 9o § ol 99 | SIS (AT5esH & v
S = 28.0 u) |

fafted 3T

1 e Teft TRt (3R Tk i R &%) el &fast Wit T ¥ 38 76 cm WeE W RS I,
I % 15 cm W9 H el H Asherd Tl &1 F1 B AR Gerl faw = #t 3 R W gu el
i FeATR A o S

fohell STHIW T FIEGOH 9 28.7 cm® s k1 R T fowfa = W €1 3 feafoai o &€ g
%7.2cm35‘laﬁﬂﬁmﬁﬁﬁ?ﬁélﬁ{§ﬁﬁﬁﬁml

[HeRd : TTed o forawor Fm R /R, = (M, /M, )21 SR IS, 76T R, R, SA: T 1
foRROT X o M, T M, 3Tk 3t 5omm 81 e o st fagia <1t W ukome 2

greeeen | Rl g w1 T 3R I 39 Tyt e  tweH € | 7 quiaan 9 shaa
auft € ST IS off R qAe @ | S % T, e @ gt e T w9 1 o
(3R @) THEHM TEF el § | S RS9 S9N R $UhT S g o | Sl € |

qﬁﬂzﬁﬁw‘aﬁwéﬁﬁm’ n,=n, exp @ﬁaﬁ%,ﬁnz,nlmt
A HEEEA TR A HA hi UK B B | 39 HaH 1 STAN 59 W | fefaq

ToRelt 01 o STEEEA W o fT HHIRT0T 2, =0 exp =l I

FT % fore FIfS, 787 p feifad w01 &1 o9 qen =’ T o WeAd o I § 1N,
HENTE! T, T R Greifeh 116 i € | [Sohd : Feifad o1 o A 9’ 1 S ok
fore enfefaets o fagia 1 WM it |

= Fo 3G 9 gdi o S KT T F | ST AR kT ST R TR (TRTET) whife)

Il
)

EACENEALD) 12.01 2.22
Ties 197.00 19.32
ESSH (5d) 14.01 1.00
feferzm 6.94 0.53
TS (5) 19.00 1.14

[Gehd : | fSTT o TXETY] ST S1ereT g9 Wroeen § ‘geal 9 |4’ €, a1 SAeEnTsl 9@l o
A T T ITART hifoe| R off eTToeht fafs= wamets seiil o faw s1o gR1 W ardfae
gemstl &1 faaga AeRe: T & T AT Hifch ¢ Howed Hi-Tehed &I &l o
THIUER SRR FS A oh TWH H 2]



