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3META *1 81, B9 TH 3T YeH Iuda o 36 W
STk S o =X ] Y Fehd &1 ©AH S,
ATE At S &Y 3tfem aftomm | wehe 72 e €1 ereara
10 # f&T T el o T o SER AfE +E Y
Qe | e, A SHeh U 9N TR S g gl @
S & T R R 9 R of g Bl ) T,
39 Fatd H g Tl off Wegl ol SUaToig Aet
kel ® afmferd € fhan 21 Zafy, 59 geumon
1 IS ekl Stifecd M df swfed €, R TonHS
w9 Y gH I8 <@ Hehd © T 5o sifam uftom 7 Ffe
TR AT At Gohe § R | HO i A e
1 STHT T - n Av At TE St 81 379, Gk Hog
Tefess € R W U el wewen § @, 4k
(ux,uy,vz)aﬂmﬁmaﬁ,ﬁagéaww,ﬂﬁrw
ot SToft a1 f=1 AR a7 aren &8 %9 992 &
95 I8 A7 (vx,vy,vz) WW@WIWW&Q’W
T g @ a1 faawor Tl T w urem gdt
T H B 2 BT AE T HE SR 9 TER ST

o Heg (ST e foh o Wgd Sedl-sedl el Bl @ ®
3R TH Tog H o GHG < HeAgl ok o= o GHT 1
o | temiig @) ¥ SWied qieher yenfod e
Bl

13.4.2 9 &l 37U Tfdehr HTEAT

T (13.14) 1 39 YR ot foran S gehar 2,
PV = (1/3) nVm v? (13.15a)
PV = (2/3) [Nx-m v?] (13.15b)

Tl N (= nV) T8 o 794 | 10ef 1 et e 2
< wisas o fordl Ui 9 & eruget 1 st

AT Tfas S ©1 e fRe et | Wi

s St qoia: et i A 3,

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

39 B9 A9 1 STUMIfa AR o foy aR 2
T (13.17) 1 Y 19 FHwEr (13.3) 9
Hafea w3 W

E=(3/2) k, NT (13.18)
TME/N=-myp2 = (3/2) kT (13.19)
e, fepell 270] A1 Sferd Tifest S, 719 oF WA AT
o SHAA It € : e el 9 w1 wepfa, <@
A A W R 7w T T it e B,
S ferelt T o A9, ST T U Rqd, B, W
(TS SoAMTRRT =R el Sl ®) , ol fomet anfuees
Tfyr, ford a1y &1 el TS S Fed © 9 Heg
YAl 81 SeesH i g <1 99 &l 1 sl
21 @M W W q FHO (13.18) FE TR HIA B
for arreel 1 & etiafies 1 oharel 3Eek A9 W et
FHIA €, @ I G W | A9 i 59 e 9§
e ¢ o omeel T w sropfa fagta emeyl W
TR #IR 39 R enenfa fafea=r T frami o gofa:
I B

Ao STeet T o fason o fo et g fson sy
Wl T o <@ o1 ANEH €l €1 SO (13.14)
T ®9 H 39 YN fo@ T €,

P=(1/3) [nm, p2 +n,m, 2 +... ]

(13.20)

* Hopd E Aaes S U, Ford s w@rds sifedl o wror ot st wftnfed & whd © (fed e 13.5), %

ool TGO 9T & o il B
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TerHael 52 e

T ok XU TTT S| ), e, 919, ST S92l Wl o (R B W W, $Hoh |el ST0jst o o WHH
Tl Bl el oF ROT et i W AR i i fEen uRafda et wd 21 qenfy, arEeeen § =l
1 feraror sl o1 fred @ 2l

agd | fiei & o o =EER &1 31298 Hid 9Hd =ral o 3 faaor 9gd meeyul ud 3wt &l
S & T SSTE1 o T4 H, 2z Rt I § wdnl whi 31 W ER 1 Geieh At 1 1y shi IReher
¥ gftaferd &3 8 - e & {1 79 Al quEl | dic Tohd ® : 20 I T HI G ok q=A,
20 ¥ 60 I Tk I Y ok TAh, 60 T8 § Ak MY & 5| AR v e famga s ey
dl B9 e1g o SR SIS A Gt THE o Tehd & : 0-1, 1-2,... 99-100 =4 g o THE| Wl G 1
T HH H € dl 39 G- B M ot @i bt GeA it 7 e Sl 21 SIewoned, e o
AU § AT T T Teh ¥ AU | @FN bl G i G ST BT Y ST x TF x + dx
H A R HEA dN() S dx S STIHRAA BT T, dNEJ = n dx, Il n_ T START T
X T x+dx % d9 & R § i w5 wen B AR S R e

o 0.5 1 Av 15 2.0 O/ Vims)

Hfvaes =1l &1 Hagaer a2

T YR, SAfvaeh Tfaal oh ded W fo@R X @ =l v TH v+ do oF S9 STUE ® el
dN(v)=4pNa3e‘b”2v2dv=nvdv|%WWW%IQﬁ?va??ﬁ?[wwﬁﬂﬁm
T B S U G el 9t 0 W v+do S o9 ® Uh H SO UZT oF SShel o sRIeR Bl
B o2 S TR Tl 1 STEa, FHRRE <0 = (1/N) [ v? dN) = V(3k, T/m) B wfsfoa foan s
2 S siferk Wt HRonE % SHR W = qRomE § frer 2

My, 28
N, 6.02x10%*

e § fafert i % g # ofvga i T, m o= = 4.65x10°* kg

eIl THM €l S| Sreq

. N 2 =3k, T/m = (516)>m?3s?

- myof =-myup =8/2) kg T v? F1 TOA ST S WET UA (rms) T
S, P=(n, +ny+.. ) I, T (3.21) FEAd € S o, g i w7 2
TET TTeed 1 SR @ w1 R ivzjﬁiénijﬁmm%)

TR (13.19) 9 &9 fRdt T9 A et w1
WRETeh =Tel sh1 SFEH o Hehd &1 AIZESH o Th
3] &1 T=300 K, T4 R H1& & =1 o

ms

TH O 1 Hife o H edt ok o o HHH 2
GO (13.19) @ BW 39 frohd W wged € T
THM A9 W geloh ST 1 rms =Tl (e gt 2|
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b serEvor13.5 e woTer § s wE s
T 9 € 59 somM 2:1 o U H €
s 1 A 27°C B1 <A T ok (1) 9fd o1y
A TSt it ST S (i6) < T oh STopE
1 o HIeA He A1l v, T I G IS
3TN ST TRHY] §FHM = 39.9 u, FARIA T ]
SIHH = 70.9u

go7 I8l 9% W Ag Aequl 91 9% € T fwd

(aTeRh) T Y (wfa e1)) sfved Tfas ST (AR 9

3T 1 TE T WA B, FANH 1 W& [GRATH

<1, 1o S off 7 4 ) gea € (3/2) kT

o e Bt ®, T o qa W AR et @ oIk T

1 gopfa W AR =& F

() = womes ® e iR FAE S 1 qrd qHH
?, @ 3 QW H (Wi eroy) sfrEa wifas
Foliaf T S 1: 1 2

(i) 4 -mv_ 2 = i 3797 s wfas St =
(3/2)) k,T &l m 79 o Tk 1] T FoATH 2|

(Vi) _ (M) _ (M),

(Vi) (M) (M),
T M TG F U-FHEE € (W T WA &
SHHT ] T1) A qe HT A TH R

EZ::;: - 1.33
3O 39 T2 W &AM e s fof Soie aftenel |
THI0T o SHEMAI oF SR W HEe Hi iz FERTH
&Y 81 9 919 1 9 Yufetdd & @ @ S SR
FARA o FAE fRdl o= oTqua ® B, q9 o
(i) TS (if) o S FET B <

70.9

=399 177

P seEvor13.6 TP % @ wEertE &
TEEHE 235 u Td 238 u B Ak T
TRATANES T | 3 S gHeente T ),
@ feraen! Sia =l aifees B2 AfE welrdE
1 AT FFAE 19 u e, af fRet off ™ w,
gTeht aTedl § gfa9id Sfd¥ STehfad sifs)

Zor ;T fram d R SiEd St = Y m<? >
TEdl 1 o7 319 1 FAHH fSTa1 A B, SaAt €
31fueh el S9! I BT =l 1 ST, JSAHM o
I o Il o ShAI 81 Hfh Tl gorH
349u TE 352 TRTEA ¥, TEiAT

Usso / Ussp = (3527 349)172 = 1.0044

. ; AV
w&aqmwsrﬁm?r?:o.g%

235 o HHEAeh & Foraeh! saedend iiehta
foea o Bt ?1 39! tfuss AEN § 9T S oo
TS 238U | YUeh A o faq AL &1 TH
Wy foferet g =m 3 § R} <9 &1 Wy faferet
Tl FER *1 Afeh ThU BT =1feT aIfeh 310] ol
i ot SO ¥ HEg I L TH Teh 3 o Toh| €|
[T &1 o ® digfd ® ded a3
sifer e W @ T 9eY e SR 3§ UK
TRy Taferet o ot sereh oT9] SAfursh | | ure S
(dadq) (f@u fox 13.5)1 e fafu erda gt
T © IR ww Herld o folU 39 wE AN <A
e <

g 19 foufa et €, @ ST foeeor &
T 3R SAU[A] o FAAN oF aHA oh Gk HTdT
df © (fEu v 13.12)1 N SWE IW
% IMUR W AT 3H dF Hi A Hl FAHH Tl
T &2

n

for7 13.5 T& @Y F19” § ToRd §T 377/



338

ofiferent

E

ISTEIUT13.7 (a) e 1S ] (I JARY 7%)
fret (9 R W T €, @ T b
Ty I8 S wrer 9 faada fgen o s ofted
21 5 FFE T gEAE TS T A At o
TR €, ot @ & e 71 qenty, s g
T MR I TC ol | THAl 7, a1 78
el W a9 ofed ¢ 39 fefa o g w1 =
STURTFT hH BT € AT STHER? (T 6
YR TEEl ¥ Hafyd STue! A% dme W
ThR) | (b) e ot faferer & faea &1 T
1 IR Uehel Y T et T 1 Fefifea feman
ST €, Al S99 61 A9 9 S 21 S (a) W
Y TP fagid o SMUR W $9 UeIul i
A Hifel (c) e @ fafdey ¥ gdifeq
g e e i SeY ¥eheieht therd! © d @
B 82 9 AU F VT Ha1? (d) Terd TH
T JgeTeRt Tk T oot 1 ST i 21 388
1 STh! el YRR 1 IS TErd foerd 82

ZcT () 9 5 ooet o W oFl faferel o dmer 7ig &
Tt u B 9fE fofsrel o |re deen v He | e @ AT
W@%ﬁﬁw#mﬁ?{aﬁWV+u%}Pﬁﬁﬁw
H AR YA BRI O doel § ZHUR 5E g oAy
dledt ® d1 ded dn Widal sE&RT =@
V4 u o U R 1 AR B 37a: fafehe o qmer, e
TR F T, Vi (V+ ) =2V + v, [l I = S
TS BRI 3T 9 YR TIfa9 Soct | Weg o U9 K
1 =Tl g Sl @1 AR seen AR T € o wfve =
ud HH T A o T TR 31 A9 H ghg B
(@) F IW F TR R, 319 379, (b) (c), (d) F
IW 2 Hehd B
(Fohd: 39 Fad R =AM 7, fed > doan, fafdet
> fafewe, 3197 > 7)) <

13.5 ol o GRSV o ae
forelt Weher 1] 1 Tt ol Bt @

e = Lmu? 4 %mvj " %mvﬁ (13.22)

2

T a9 W, ad w9 g e g @ stad s
FH AR < > g T foren ST 7, 3

<st>:<%mv§>+<%mv§>+<%mv3>:ngT(l&ZS)
iR 7= 1S e fam T8t €, 7: Wi (13.23)
¥ 3 2 2

1 2 1 /1 2 1 .
<— mv> =5 kT <5 mvy> =5 kT

<l mu§> -1 kT (13.24)
2 2

feepeem o 7fa ok fore waas fore 1o =1 feafa
T o e g I fdenet w1 stevashar i 7
I TRt Tfa fhdt T 9aa o a1 & & S,
3 et =1, iR af% T forelt e Y@ & erfew
Tfd & faw are 1 fean S, @ ket T freene
T STETIHA M| TH Th S €1 9 o = foman
ST Hehdl €1 &1 Fed € fh o W T ok feg
T den fepeam & Tl & foau @ wife @ 2
fordt 9ol fuve w1 T fag o W o3 o 7fa &l
A T hed 1 31d:, faeheem o g & fag
T 0] T A W= HifE Bt &1 I T
T HT Teh wa=a hife gt 8, e 7fa o fh
mmaﬁnﬁqﬁ@m%,mﬁaﬁ—mgaﬁ?
S % WY W, T v, T WHET(13.24) F wW
@ ® o ardia 9 § 36 YR o Yol U% W
3Ed 7 - ke T 2

AR SE CHTRANE T o e § ohed
TR W@ Hife gt €1 A 0, a1 N, St
TR T o fawa § 1 %E Wehd ©2 0, T
¥ 3 Ty @ w9 el @ €, |, Th
HAfARER o8 9] 379 FAWH b5 o IRa: o Tfq off
F Hehd 21 Torsl 13.6 H, SAfefis o < AT i
SiteH el @ o dded & s oA e 1 T 2
Tuiie Tu & fomeh aid: e1o] s I T gerar 3+
37: T TUpRHl YA Y I Sl Trsg i Bl 7
TH TR A Sl H I Sl &, T O Sl ¢,
T o AR e )

_1 o 1 2 1 o, 1 o 1 2
g te, —Emvx+§mvy +§muz +§Il(n1 +§Izo)2 (13.25)

+ ARt W A arel Y@ & aita: ol &1 Sge el ogd %W el @ iR aien At SRl 9 gt T

Bl Ul 3TN 13.6 W1 Sifqw s 3fEm)
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L Q)

for7 13.6 fERATIF 379 & {1 &@aF g 3787

el o, T o, FAA: &7 1 T 2 % IRG: FI0H =1
A, T [, 3T T -0 21 e dif,
e FUT T hife Sell H Ueh U8 1 ANR !
& Forad wpoff wifa o et =R 1 o it g B

TR T 98 °W e 7, % 0, o1 Wk ‘3z
it §, @1, 9% 310 S el w0, o faw a7
RO, Il (FE A W) TE T ¥, W e
A= &l Bl CO S® o S10], W qrd R 5t o
ST H €, 21eiq ST T, SHTUIHI[ 3TeT
R TEHHE T FW ¢ (S o9 @ S
T die) SR TROTE: et el H Th S, €,
S Sl 1 o g §, e,

1 (dyY 1. ,
8":§m(d—g) +§ky
el ke Ticteh 1 ot rdish To y SHeT S fegmieh
B o,

£=¢g +¢€ +¢, (13.26)

T =M Jifee, FHeRT (13.26) § Ry WU
HUA-Zell U H, (A o U =W y TS dy/de o
gffera &1

g o IfEn fF g T a ol @
Hife 3 @ Tw & “affa 9" ®1 AEE fm W
THIEHIT (13.26) H U T oo Tdg Shife oF 9rgey
7 H Tfas ud feufast o= =9 9 9t 1 afia
T &l

Sl o S H gE fGE 9% ST R el
eI e o1 Teh &7 Sardl 21 €9 39 g ¢ b
TH 99 T R aHE e § wEadd fa o
T €1 ok TIT i Sl — ke, T 81 Teiger Heraet

g fag fetu o fer ufafeq wifers @i &
aifus 9ishd fagid o STIER el o favsH o
T €1 H U1 & e © SR Sl T &, soit
Bl 1 SO STt @11 St i wr o, Sl g9 €
T geft Hord ol w1 W Sfed et T IR gAF ®Y
T ofEd S - kT TR S €1 AE S e
wafaersE fam {1 aeqER, Rt 7o) 1 iy
TE HUT WA FifeA H Tw - kT el 1 G
I ® Sl TE H SR 2 x - kT = ke, T Sl
1 ANIEH <t €, Ffen, o w9 § Tt iR feefas
Tl FBR HY St 1 GEH e j

Sl o FEfasHE fEm &1 It 36 T Hi
fawg o5 @ 9 21 TRl 70 dsifaw w9 9 TG H
faftre o aiiar 3@ A o6 faw 3@ fm &
ST H1| 9% H 31 i fafyre e enfar o fou
off gHeh SN w1 e faeror S

13.6 fafyre o enfiar

13.6.1 THUTHTITE 6t o ferg

THIHAIE TG o 210 H shedl dIF M @ia=d
Hife Bl €1 31: S9oh Tk 39 i T a9 W 3

5 (3/2)k, T BT 0 WohR &1 719 6 1 Wit !
iR S,

U :ngTxNA :gRT (13.27)

Tt T W HieR fafire S et ¢, 1 /M 2,

CU(W%¢W)=3—¥= RT

(13.28)

eyl T & fag

C,-C,=R (13.29)
<tet, ¢, e < W e fafire semefa 21
37, p=§R (13.30)
T < faftre e wifiarsti &1 S

&5 13.31
Y—CU—S (13.31)
13.6.2 fgmumer it o fag

S TEe T feRar ST et © TR g e1up i
R SAARR Bl © AR A% 39 2Mehfa i gg Foif
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ofiferent

A, @ THHT 5 WA Hife € : 3 WHAT T 2
oft| St THfgASE o fFEEHER 3@ YRR * i
o T WA &I, TAH R Fa ARk e,

U =ngT><NA =§RT (13.32)
3d; Hier) fafyre o e
5 7
C, (33 fgwHmr) =5R, C,= ER (13.33)
7
v (33 fgwums) = 3 (13.34)
sifafad &9 ®9 o wfdfea ©, @
5 7
U= (EkBT +kBT) N, = 2 RT
7 9 9
=R, =R y=2
C C, gR7=2 (13.35)
13.6.3 SEUIHIU @l & fag

IE €9 H R SgRAE 0] H§ 3 THadd, 3
HUfl WA= Sife Td o Miv=a e (f) o s
9 BId &1 TSl GG & FMEaTER 98 e 9
T S Tkl € foh 39 UHR F T F 1 A HY
el HAARE Fe

=3 kBT+% k,T+fk,T) N

2
#qAq C, =

B+NR

_ 4+ )
G+ f)
v AR, ¢, - C, =R a+ft ateel i % fog
Teq 8, fth = o 9 THIE @, fguee €
31TeT FEURHE S = A B
grRoft (13.1) ®, &l o, shoe w0 7 SUe i
v, T fafere S At % e W S
qa Al e fohan T €1 A A7 gret (18.2)
¥ fou T g e % o fafire s aifaet %
TR A W HIET Al @id €1 98w €, o uEh
% T € (S Erel § 6 < W ¥), w6l CH
IR g TEHR T, SR wrEifieR iR
qHl | wgd S TE T ¥ WIMRO: 3 T

=@+NR

(13.36)

ARURt 18,1 T w1 fafere o enfianet o gatgmt
T (ShYA & T YT H gU)

C,-C,
(Jmol K (Jmol K') | Umol'K")

12.5 20.8 8.31 1.67
ﬁ—;ww 20.8 29.1 8.31 1.40
[ERLGILCY 24.93 33.24 8.31 1.33

wﬁmzwﬁ@aﬁ%@wmaﬁmﬁ%

C,-C,
(Jmol K (J'mol K?') | (@ mol'K?)

Ne 8.12
W Ar 12.5 20.8 8.30 1.67
fguemes  H 20.4 28.8 8.45 1.41
m o, 21.0 29.3 8.32 1.40
fgoe s N, 20.8 29.1 8.32 1.40
I 1o 27.0 35.4 8.35 1.31
FEIHIR  CH, 27.1 354 836 131

fafere o nfiarstl o 7@ 9reft (13.1) ° fKu 7w
Ygifaer A 9 eifuess o Y €1 3qeR el 7 g3
I g URehedl § U ®9 o AMRE Hi ot
wftafera 3, a weEifies o dgifos i o eifus
it e BMtl o1a:, A ard W el gafasrsH
=1 T, gt &9 9 /=t we T Bl 2

P 3eTETUT 13.8 44.8 TeR T wiftar & TE
SR & | STP W gifer=™ 19 il 21 9
9 o 99 ¥ 15.0 °C ghg w o fag frat
ST i ARl BFM? (R=8.31J mol-! K1)

ZeT : 19 T8 PV = URT 1 9T ik 3 98
EF | 29T Tehd € T Tt oft et 9 o 1 A
1, W @19 (273 K) T& <@ (1 atm = 1.01 x 10°
Pa) W 3T 22.4 ¢l eidl 81 36 WEtes e
%1 ‘HieR A’ Fed B 37d: 39 SN0 H 9dq oh
FreR Eiferm o 2 Hiet B it Eifera™ THRAr] 19
2, sl Trod omgad W fafere oA enfa

= (3/2) R, A Had <& o fafere oA enfar
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2, O Tagaa =
1 AT hi 3eR-SeR <gd U @1 ST Fehell €, Sieh-3Ih dl 7T&T, T ST THT & Fehell €| 3119 Al
o WTSHTI hl STt o YU G Hehed ST §U @ Tehd €1 TRATRTN 1 3@~ 105 m 211827 |, Thieie
o IS, Ve o 7 A § efad Fel oF TR b1 YeHSe | Tev Hid 99T I8 = R
éé@—ﬁ%qﬁmﬁwmnﬁrmrgg‘

YTl forgia g0 IREET 1 Teh TXel e W&qd hdl 81 5ol | Feifaq foret five @ St o a1
Teft feamet | Weg Hd @Wd &1 Hifen st 1 i agfeze €, Tt W faen 9 weg & ol equped
T G A S € T faoda fRen 9 e Heg i ATl WAIS i GE et 81 9
3T i 9% o AT 39 Mg HEgi i G& | @ Fal Togl +I & &I ol § Uiy gx
% HROT Y STupstl &t fa w1 g fg@E = A

I fqug TRt i 81, W+t gereeil | @ v wear 2, @i fafa= faensti | g et stfvass
gl 1 FEA § R qUIET0T IULTUiE TR Sidn STeiq "eAm (Sel A1 3T k) o STU[STl o Had HEgl
g1 fcifad five @ Segl oF R0 SRIfYa Foimll T el SOl 1 a1 I e sranl forelt 7 forselt feem
o el Gam MR o el gorelt W S €1 gEiery, 7 fuvg 3-0e | 4 T il © SIR i @
Y TS @l 81 STSTehel SISt i hea ol st w1 98 Tfq eMfvae feransficr w1 TH gee
THIOT 1 T @ 50 96§ HHAIE0 U (scanning tunneling) TS 1= faferse geusf¥i gr, stopei
1 @1 I T 2

1987 H, SRR H h1id fHY o o= 3TEHT Siad 1 7 shddl SIS hl 3@ H FHardl T8, a0
T 3! Toakgqd UReReh A=AAHAA 1 i <@ Feh| THN o Al 27eq Fafel, TH HRIGns hi Hif
q off 1 37afY Aol O YT i HUERITE § 3R] TR Y, 3R 37k el olehd THa FT UQ| (HE
ga%s@;m;%)%maﬁamwﬁmm%ﬁéﬁa@aﬁ"{aﬂﬁaﬂ%ﬁam?wm%’wﬁraﬁw

¢ 12 ’l

C, = (5/2) R ¥ Hifs a4 &1 etad fd 2, AQ AU

= 3R (13.37)

STTERIF SO A LA o [T C, 1 ST H41| 31
SAEYIH S = Al 1 & x Hier fafyme o

IR  ATaS

=2x 1.5 Rx15.0=45R
=45x8.31=374J <

13.6.4 3Hl o fafyrse oAt anfiar

3l i fafere Serenfiar 9 e o fore ot &9 el
TafgaSE #1 fEm @ R Twd € R S
fowa o fomm IS, St N RAgEt &1 5 81 Tew
AT SO e ferfd o 3ER-SER A Y T B
el THfoda %9 * S S 2 x% kT
= kT 81 Ffaeia st o fore siem st 3 &, T 21
3 ok 1 i o fIU N = N, 3R TH&T Fot i
el

U= 3 k,T xN, =3RT

o1, 191 39 WAQ = AU + PAV = AU, FHiifh
ot 2@ o fow AV Stenia 21 er:

AT AT

WRUMT 13.3 FW o 9 @ IIASA @ R TS
I wt fafire o anfiaret o A=

S
™ J kg’ K') |enfar(J mol 'KY)
Tgfufem

900.0 24.4
EaCE] 506.5 6.1
GGl 386.4 24.5
RsiEe| 127.7 26.5
=rey 236.1 25.5
T2 134.4 24.9

HRof 13.3 <31idt € o =9 &9 9, 9 a9
W YT WA I AR W W Wl @ g1 (hTe
T AR )|

13.6.5 I ol fafyre st enfian

BH STl i Sl w1 e B o &1 Tedeh T o forg
ST Sl 3k, T B1 5T o6 3T] H 3 TN, 3 Tegom
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o IR U oA o B B| o7d: THeh 1 Hiel &1
G initcae
U=3x3 kT xN, =9 RT

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

g TheH Ui 9 ® SR Eife @ik Sgifaes
Ml 1% THE 21 sheard, 7, feift amres o wia
1 fafire oA enfar o1 | 1 21 iR, 1 ohelid =
4.179 J ¥R S 1 1 Hiet 18 T €| 37d: STl &1 9id
et ferfrse S @it ~ 75 J mol ! K ~ 9R B ey,
TeehiEiet o1 TRHSH S a1ferh Sifeet STueil o for T
e T e deh 3R fees Seren <9 )

fd o, &4 Sl wHfaaSH o o gfaftsa fam =
smiia faftre e aifRae o qEgee o T
TE@YUl 98 i = H Wa =1feul fSHeh $TER
R faferse o enfiand @ w ek Tt i )y
S-S B9 e i 1 @R S S ®, 39 e
o Ty foeer gfei=r g @ @1 S8 T>01 9t
g1t st faferse Swq onftand 3= i SR SR gt
St §1 gEH HaY 3@ aed ¥ § fp fre Am W
T Al AT SR gHIAT STyl & S 8
ferufaftsa wifast 1 sfte 9, goie fafq § @
wHifeat eaftafdd & =fed) f=t ama w fafire som
T3t o1 oeeR feyfafted ifdes! &1 eaaerd
Tl B SR I8 R ohad Wdied YRS o
SMUR W& T fopan S Hehdr ©, Stan R weued
SEEA o I 1| T ARt | w@id=a hife o
et B9 9 ved & e fRE sEw e g
A9 €| TE W 91 h1 i HRU § Al T €
YRl | b Ul Tardsd hife gurel Bt 2

13.7 WA o UG

|l o rope 1 Tl Rl Stfuek, Ay | et o o
%1 hife oF SeR Bl 21l off, WiEsR ¥ faferet 9
i g 19 H FH ok TR HH a% foaia g1 o
T 3Tfush o Tl €1 Srgree | e o o5e el
T I @Al 7| U THfAT E €, iR, T o 1
TF IR, W T Bie WY & B 21 Tt o
TR A @ o fau o € aRomeeed, |
AT Y W, WA W@ H Feld el @ Hehd, STh1 9
R wftafda & 2l

fer 13.7 At 9T H ot 319 gRT gafia s foras
IS A 31T FTH THAC

oM e, foredt 79 o @19 d oA % e g
el &1 191 A ferdlt UE Tfaar o10] W Shfgd s
Sreht W =1 <v> 1 9% fRelt off T8 g ey ¥
Tog HAM S T QA ST F kRl o o4 B A d
o 31ST 3T WM AL THT § I8 I (22 <v> Af) T
T T 3T et i 3T] TEE THUW (G
o 13.7) 1| AR Ufd Twish A § T[T i wen
ne a HE AY At T T nad? <v> At T HAT
T YHN G H R nad? <v> Bl 6§ Hih
Gorgl o ot sfiea Sfawe,

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

fareet =1 T W A s g0,
e Yot 9 (1) HEd €, B

l =<v>7=1/(nzd? (13.39)

T A | T I8 hedd w € R g wed
a70] feRmaTeReen ® ¥ W add ¥ geft o1 e
3R Herg ST Squ[e ok 3ffa suferes o g it
FT S 21 3Td: TH FEHIE (13.38) H <v> hl <v.>
 gfaeentya ST grml oTa: SAfies Jened Faafd g

1=1/(2 n7rd2) (13.40)

Mg, @1l & oY o S0t o oY, STP W el o
<v> = (485m/s) @RI | T T 1 e Hd 2|

(0.02><1023)
"= (22.4x10'%)
= 2.7x10%® m>3
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d=2x101"meH R,
7T=6.1x101°s
T, 1= 2.9 x 107 m = 1500d (13.41)
SISt arder off, TEeRLoT (13.40) SN T e we
TR 991 R HF 3T i STHY T & S |
yiaeira: fedt sear 81 foreht ercafeer faffaa weft o
e nfean &t &9 =& 7 9, 71 g 99 Hw AW
Tell Y g o SER Bl Fehdl Bl

3QTEY0T 13.9 373 K, 91 a4 |, S o
3TU] o HILA ol U 1 TThele hiTeIl| IETEL0T
13.1 3R FfehT0T (13.41) § § T gt &
SYFRT HIfQ|
g6 5cl 9 ok feTT d 1 W, 391 91 o faq AF
TR B 81 W& S TH A9 o Sk ¢l

i n:2.7x1025x%:2x1025m73

3Tq: T Ao U [=4 x107m |

w7 ST, J1eT Hok 9, 6 9Reherl g Fd
SITTIRHATIS U ~40 A =4 x10°m I g1 & 100
T R TIe G U h1 I8 1 AH & TG o Tl
SRR 1 Anieyier 71 fomr fohedt ures o o Tl
Hifa =&t fomean S wehan B

YU TAgIa o1 ST ik, T, SoHI-aTetehdl,
e foRor S T B ORI eqfUaes S SiE
rfergen el § Gafud fohan <1 wehal 21 g e
Hadl ¥ & T T[Sl Si STHMY &1 Tehed fha
T e

QARIIT
T (P), 3T (V) 3R 9 a9 (T) ¥ Hay €fyd & aret oeyl 19 e =,
PV=yuRT =k, NT
TET u 79 | Hidl % e IR N ST & Wel €1 R Tk, HEI: et 19 e e
ez fadi #)
R
R=8314Jmol K, k= 7~ =138x10%JK!
Srfas T, oTest 9 TR w1 ST Ue e Sea Y a T g W & e §
et W9 o STuT THgia o STTER

le nmuv?
3

T n STUET T G&AT A, m 3] T SAHH o SR HILT a7 WS €| THeh! ey T
RO o T e | 9 kT Tk ST SAre 9w €

1 —5_3 <Y2  [3kgT

5 =gk T v =(7) =\
T BH 78 9 g1 @ foh forelt i o1 a9 Suen TRt o1u) et afted TSt St w1 W9 © @R
7E 719 =1 219 H Yohfa W FeRk & wan s Frad e w A ok fago o i etop 1 eiea
e STUETRd FH BT T
TIATRE TS el

E=3 knT

2

T8 e 9% g3 W eIl 2

PV=2E

3
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Sl GHfSATSH 1w wdqm @ 56 3kt e wea T R g § @ 9 $d St gum
&9 § faf= et w9 § de T TR et © ST B ®Y o W I A ol — ke, T B
B Yo THiaE TS F[OT d>d IS o Gd SRl 1 Th s ®9 gl € SR 3898 et
Sstt — o, T B 81 Uik S Tgf o Wt el o Q) ®9 (e v feerfow) Jed € gafae
3Heh WA ol = 2 x — ke, T=k, T

ol THfEASH 1 FH ] ek g T i Hier fafere e i {1 R Ted © iR 5|
R g fafdre o nfiared o w1 s T % e g ww fafire e wnfiared o wet
9 fiem €1 3 a0 & S99 ®9 F1 9 G § |t H a1 78 9 SR O 9o set

A YRl U [ 9] o T hiteh GeE] oh St SHeh g Wt SEd 4 @

1
V2 nzd?
el n G e T d 379] 1 A 2

I=

faomuia faua

fort T 1 <@ Shad Uk k1 AR W &1 ARG &1 8idl, dfcsh I8 T | 8L e faumm
WAl 2 9 § W@ T o STaA § I Id grereaeen § gt © i 39 Wd o g1 SR §EH
e Bl 2

T | SFRRATR T o Gau § gH 9gd Sel-9el Y HIE ¥R T S Sy W arg
IR T R e ST SR Fell § SAAOHE T o e 9 T4 o aeR €1 §gd e oR e
2 @ 9% e ged gy € S fRE T ¥ SfaaRams < 1 100 T SR STU] Y STHIG
1000 TFT BT 1

TS qHTIASH o 72 %1 89 39 YR %8 Thd e— a9 H Yoeh W@idsd i o T
kT S JSI Tl €1 1] 1 FA I o Ak H FoIh GOl 08 Th T Hife fr S
fET 37, T hA-Taen | < W@ia=a ife (7 o w%) 2 & (s ue fearfast &9 o w)
WWZx—kBT=kBT?IT‘ﬁ%I

foredt R o 91 & g9 A9 A T IR S (TE o HROT) q B W SR A Ie A0
Fiifer 98 Fgd o1 9 TadH eid & IR R Tz ivd wd &1 Iremeeen § 7 Sadl T
ofter fereh B € (SI9 aHuSd W) | SHeRT Y9 %W €, i W Sengdl o fag fefas
Foll (mgh) T W ST9] T S Tiast e 1/2 mu? 1 ol § SR F9 2
<1?> T (< v>)? % SR T gl fendlt ik o &t w1 wien evaves Tl € foh @ ¥ ok
q1ed o o oh SR Bl 0 MY TH e i Yfe o foIu S0l odl Hehd €72

AT

TS o 3103t o 3TEIa 3T STP W ek g1 R T el ST ohl 311 31 shiferal
SIS o Teh 3TU] o1 A9 3 A it

HeR 3T, STP R fordll 719 (eeel) o 1 Hiel g1 1 /=0 379a 21 (STP : 1 atm 09,
0°C)| =3 T =% 22.4 e B
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13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

fo 13.8 ° SifadiS & 1.00x10°° kg §FHM o feTT PV/T U PH, 3 Te-3Tel ardi T
T 9 T

v

o7 13.8
(a) Teigfera @ = <wiiet 22

b)FMNTA LT, > T, AT T, < T,2

(c) y-3181 W &l aeh fHed € @8 PV/T o1 |F &1 87

(d) A &7 U¥ & WF 1.00x10° kg TESeH o faqu o-1¢ df ot o= 39 fag W <=l 9%
y-3181 9 ferd € Pv/T w1 5 F€ eim? afe @ at eggiet o fhad serHH o o pyvy
T %1 UM (T I 3 3=3 @9 & &7 o e 98} g2 H, 1 19 59891 = 2.02 u, O,
T U] TFHM = 32.0 u, R=8.31 J mol' K1)

T SAferisH Tafest forment emaae 30 ofieX 8, § Stferdis &1 AR <@ 15 atm T8 19
27 °C 31 384 @ %o T4 el oiF & @ yArd (1) T iR X 11 atm TS a9 iR &
17 °C B Sl 21 31 shifor for faferet 9 stfefism =1 forat @ feprelt 78 21 (R= 8.31
J mol™! K-, SIS =1 3T FTHM O, = 32 u)l

o 1 Th e, FTEeHT 3MFe 1.0 cm?® €, 40 m &l eiiel 1 defl ¥ Sfef a9 12 °C €,
ISHFT FW TS W M T W&l 19 35 °C 7| 379 THHT A 1 B2

Tk R W, TGt o1 25.0 m* ®, 27 °C @1 3R 1 atm € R, o1 o el SuEi (f5w
TGS, STFHISH, Sty 3R 379 gt sfeal o w1 WiHfad §) 1 e 1 Hife)

Eiferam W] H1 Hd dTdE ST ol ST RIS (i) HE ok A9 (27 °C) W (i) GF
I M9 (6000 K) W (iii) 100 MG hfcas @9 (AR & hig &1 WEfUsh drq) W

oA i o f = 6 Tk g qd SR S| W el € gedt adq § i (TR )
T ?, T H FadE (fgoamgn) T @ ik der o 1w dereinEe (SEIREEE) T
T o S H G o G Srpsd Y weR g 22 @ o o § Sruye o,
(et =17 ge =Tet) THA T

fohe a0 W o T fafeel ¥ et &1 o, - 20 °C R EfeEm W st #o, F
T BN (Ar T THEY] FFAME = 39.9 u, T IIH &1 THY] FHTH = 4.0 u) |
AZEISH 1 o Tk Tafeiel ®,2.0 atm <@ & 17 °C @19 W, eI U o HIeA Gt 92
TF W 3Tghd 1 STeherd hifoTu| ATgers 319 i 5 @ 1.0 A ST g -1t i
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13.11

13.12

13.13

13.14

T STV R I Wl o e Wasdgaeh do § ol 99F | SISl (AT5esH w 3Afvead
FFAM = 28.0 u) |

rfafaa atemd

| R ofelt TRt (R Tk Fo W s%) et afest w6l T 71 39 76 cm WeE W URS A,
o % 15 cm &9 i Aol § Yeherd @Al €1 o B AfE e T e i @ik W@ gu el
! HealER HT fean S|

ot STFTOT T FIEGSH W 28.7 cm?® s T W W @i = Wi €1 3= feafadi § = god
ﬁﬂ?.2cmss*1ﬁﬂﬁmﬁﬁﬁélw@ﬁﬁﬂﬁml

[EeRd : TMed o faaor FRm R /R, = (M, /M, ) /21 SR HIFST, 6T R, R, A9 T Y
TR <X T M, T M, S5 Moo 5omM 1 78 o STopife fasid 1 T e Romm 2

e ¥ fRd 19 1 T R I 9 Tl e | UwEHE € | 7 quiadn 9 shad
adt & wa hiE off 9 g9E | 8 | SSel % T, Tee o gt e e we w1 T
(3R ) THTHAM TE S ] | S R ST e N ST S S % | Sl € |

mg

qﬁﬂ@ﬁﬂw ‘rdreor o fem’ nzznlexp|:_k T(hz_}ﬁ)]ﬁﬁaﬁﬁ%,qﬁ'nz,mw:
B
hd h ST R AR S I TR F E | 9 W w1 SuAm 59 WA H et

et 01 o STIEEA W o fAT HHERO 1, = 1 exp [_meéVA(p_p») (hzl—h)] FI A=

FE % AU FIT, =&l p feifad o1 &1 o e =R’ WE & JEAH FHTA € 1N,
NS S, 9 R Greitsieh 19 fordics & | [Hawa : feifad 01 o 9 91 &1 ST o
ferg enferfaeis o fagia &1 Swim S 1)

e 7w 3G o Feli o e KU T F | Sk TRATS ki ST 1 SR (TIHT) HIfST)

e o
u,

HeA (1) 12.01 2.22
s 197.00 19.32
eI (59) 14.01 1.00
fafermm 6.94 0.53
TR (59) 19.00 1.14

[Eehd : A ifTT o TaTo] ST steraT 59 Wreen § ‘gear @ S’ €, 9o sl ge@ ok
TN T T START Hifrel R off et fafsr= wame sreri o fere o1am grR1 e arferss
Hemstl 1 faespal SAeReT: T & T AT Fifeh ¢ Holwed df-Ashed Hi ®ardl o
THIUE 3R FS A o TWH ° )



