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el 0=l €, 3R 2 aiiehd =Tell 1 1L B 374,

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

3 A R $w fewmfomt ¢ (i) vem, Fafa e
SFR A 1 =g fRal 8, W I ), 9
MRl U Fo A Tl ggdl 71 oA fordlt off afess
3MFHTT T 2, B9 T A G&H THdA kY 3§ W
ST I o WO o] Y Hehd g1 e G,
ATE AL € 2ifam aRomg § yere 72 B B e
10 # U T yrRene o W o ER A HE W
e § 8, A SHeR Ush | R S <4 g ©
a1 € <@ Tt g wm W s g @1 (i) T,
39 goata | A forgl off Wegl ol SUefufiy |
ke ® affera € fohan 21 wafy, 39 qdumon
1 IS JarRT ATecd adqH Al Hied €, W O
9 U 9 78 3@ Tehd € T 3o offem uftomm # 3fe
T oI AL FbE ¥ SR @ T w A s
1 SHT H@ —n Av At TE ST 71 379, i Tog
qefes & R 9 Uk Tomh wewen ® 2, A
(ux,uy,uz)éﬂméaqﬁ,qagéaw,wﬁrw
ot Seht @t fa=1 yRfysw am aren +iE & 992 &
o T8 AT (vx,vy,vz) WW{WIWW&W
T B @ AT o faaRor Tl T2 w umwm |l
TR B BH 2 T A W Bl 3R 59 TR ST

gl H Ui }) § SWisd e gufad el
Bl

13.4.2 Y T U] Tk SATEAT

GO (13.14) 1 39 YR ot foran s gehr 2,
PV = (1/3) nVm p? (13.15a)
PV = (2/3)[Nx-m p?] (13.15b)

el N (= nV) 719 o 904 & 310pefi 1 et Te& )
< wises | fordl wfer g o eroget 1 S

MG Tfas e Bl HFifh et st T

TR St qofd: Tfaet ot & 2,

E=Nx(1/2) m ? (13.16)
GfiOr (13.15b) | 9d BH UIE B e,

PV=(2/3)E (13.17)

36 BH MY ! FUFITHR AT o fory qar &

GO (13.17) 1 e T g (13.3) 9
AR & W
E=(3/2) k, NT (13.18)

AE/N=- mp> = (3/2) kT (13.19)
it et 310] 1 iiga Tfast Soff, 719 & e A
o STTRUEUE eI T : T8 RY T w1 YA, I
T AFd R R T HE T U Hifaes freed 2,
S ot g o A, ST 1 U T, 99, g
(58 FoAMTRT =) el Sl ®) §, i foret anfvaes
T e B e e
h3dl B sicsTaH fadies 3 < 99 &5 Rl Sred
21 oA W 2E df T (13.18) FE TR I ©
o aTeel 1 &1 1At ST sharel SEeh 19 T et
HIA B, <@ AT A W L A9 H1 3H A 9
oy € T emeet |l @ sropfa fagia emeel T
eI R 39 R i fafu= g et o gofa:
A B

aAfsrar 3Teet i o Thsrr o o et < fHeor i
Wi 119 o <1 1 ANEH Bl €1 TR (13.14)
¢ ®9 ¥ 39 YR fo@ "ed €,

P=(1/3) [n,mp? +n,m, v +... | (13.20)

+ Tepd E 3iafeh Sl U, TEH o= w@resa wifedl & wron o Sl aftnferd 8 gendt € (Red SgEn 13.5),

el TG 9T €1 e Sl 2
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oA 529 e

T o XU T SoHE §, <@, A1, ST ST L Wl o e e W of, 3Heh |e STupetl o o gHH
&l BId| HeEl oh R SAULS i Wil SR Wi w1 faen uRefda et @l 21 aenfy, S § =t
1 T e = fea @ )

agd  fiei & o o ERR #1 31e9Ee ¥ 9T =6l o 3 faa 9gd meeyul ud St @l
ST & T SN o ®9 H, ey FREt I § il shi 31 W R w1 Ueeh SAf i e11g i Uk
¥ gftwfed 3 8 - AR & &1 g9 A Sl q9el ¥ i Gehd ® : 20 I qh &1 g % o,
20 ¥ 60 I TH HI MY & TFh, 60 I8 W ek g ok g5 AR eH sifvew fagga SHwrt =ifen
Al B9 o1g o 3R SIS A Tt THE o Tohd B : 0-1, 1-2,... 99-100 T g o THE| el G HI
A HH HId €l SH Y- § I ol A ot & o wH B St 81 Sgrewond, e a9
3T | ARN T TN Th a8 IqUed § AN bl G i1 TR ST M| Y S7a0e x TH x + dx
H @R @ dN( ST dx e STTHAIAE SN M, dN(9 = n, dx, F& n_H ST T
X T x+dx % 99 & S § A wen w e s § R S

o 0.5 1 Av 15 2.0 O/ Urms)
sTTfoaeh. =retl 1 Hagael a2

T YR, Nfvass fadl & ded W faar & @ =6l v W& v + dv & o9 SU[SH HT GEn
dN(v)=4pNa3’e‘b”2v2dv=nudvI'5I'6' Hogael de FHaadl %InV ﬁv&ﬁﬁwwﬁﬂﬁm
T R1 S TS Y G R =t o Ue v+dp o o9 @ W H quii gzl o el oh sXeR Bl
T v2 S feret Tfer 1 i, FEse <u?> =(1/N) [ ? dN() = V(3k, T/m) BRI Ufefoa feran S
2 S erfirsh Werfiyer Ronetl & SMHR R S qRomEl o fiverdr 2

. My, 28 s
reereen # fafe= 6l o ste 1 ofrem mfqw Tl T = G0 x10% - H65x107 g
Foll M Bl S| 37

_ _ ? =3k, T/m = (516)>m?s>
-mu} =-my vy =8/2) Ik T p? H TG THH! F A A (rms) T
A, P=(n, +n,+.. )k, T (13.21) e 8 SR W o, 50 e % €

- S (2 iﬁ%‘q <vzj‘lﬂfi"r@’m%)
v = bléms

T (13.19) ¥ w9 e T F e 50 e F B G sArT % S % g 8
Tl = 1 STTAN T TR | WLSH F TE wHe (13.19) ¥ 79 39 ey W v €
0] 1 T= 300 K, 919 T HeA ot =1el i A 19 W&ok SN i rms el (e el |

2020-21



344

sfiferant

> sereror13.5 foRdll woTe § el e
T 9l € 5o SomE 2: 1 o g A #
s 1 A 27°C B1 <A 4 o @) Ui o1 Y
AT TIferT Soft shT ST (i) S i o STopet
1 o HIeA He Aell v, T ST G IS
3IFTA ST TRHTY] FHHAH = 39.9 u, FARA T 377
MM = 70.9u

ge7 I8l 9% WA Arg Hequl o1 9% € fw e

(3eet) T T (9 e1v)) Siga TS e (AR 97

3T 1 TE Teh TH B, FAKH i TE [GRAH

e, 1o SEEE off i 7 &) wea & (3/2) Ik, T

o e Bl ©, T8 o g R R et ® eIk i

T Yepfd T e &1 Il

() Ifer womes ® eIfH iR Tl S k1 qrg qHH
?, ofd: T4« T Wt (fa eryy) ofred A
Foliaf T S 1: 1 21

(i) 9 —mo_2 = WA 0] fwd Tfas e =
(3/2)) k,T T8 m 79 o T 19 H T &

2

(UfmS)Ar (m)c1 _ (M)c1 70.9

(v2.),  (m), (M), ~ 399 ~77

Tei M T 1 AU-FeAuE © (AN T WA §
IHHT U] B1) I Y& KT A o R

(Vs ) o,

(Vs )
39 39 a4 W A o g foh swiea afieai |
oo o6 oMl o STHR W ToeA i hig el
&l B1 9 a9 1 WM SruRaEfdd wdr € df SNt SR
FARA oF FAE foRelt o= o9 H B, q9 off
(i) TS (i) o I &I B | <

> seEvor13.6. bEm & @ wEertE &
AT 235 u T 238 u ©1 AR JATEH
THRIHARTES T8 | 3 S gty fawm )
a1 ferment eiima = stfues Bi? = wee
1 TE] FFAEE 19 u 7, @ fmedt off a9 W\,
TTh! el H YfaeTd STaX STehfetd whiferg)

= 1.33
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gor : Tondlt T 9 W 3ted St = Yo m<u?>
TEdl 1 o7 319 1 FHH FSTa1 | €, SaAt €
sfien e STRT IR SR <Tel o1 STII, SEHM o
ST o e o SR ¢ =k Tel soruE
349u TH 352 THEAN €, TEAY

v v,., = (352/349)'/2=1.0044

349 / 352

. ‘ AV
aﬁ&wwuﬁﬁTav:o.M%

2350 o8 WHEH ¢ TSIEeh! STagaehdl My
forgie ¥ ot B1 3O Sifie AET W 9T WM AT
quEenfie 28U @ YUF L o fow fasor &
Ty faferet g 9 3R ¥ =R 3§ Wy faferet
Tl FER *1 Afeh ThU BT =1 difh 370] &l
Tl ! ARl ¥ WHg L Y Tk T HL ST Heob | €
Ul &I qa H dea ¥ Fed ara S
sifer Henm § 9 T 9rt e SR 3§ UK
TRy faferet o 9 goteh 1Y) S1fush | | uIg S
(Haeq) (<fEu fax 13.5)1 =@ fafy stda g
T ¢ IR waiw HorH o folu 39 %E 9N <
vedl 2l <

g 19 foufa et €, @ Sen foeor &
T Ik ST o FAUH o NHA oh FGRATIAT
d T (FfET FwE 13.12)1 1 ST IW
o YR W A9 39 G2 HI AR H1 STTHA ol
b &2

i

fer 13.5 T WY R T ToRd §T 377
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B

3QTETUT 13.7 (a) S h1g 0] (I YARY 7<)
feel (9ft) foR | THTA ®, q@ THT h
Ty F8 S = § fauda feen o s efted
21 4 FFE R FEAEE THS M A Aot o
TR €, ot @ & e 21 qentd, s g
AT AR 3 g soet W THAA 2, A T T
Il | 999 dredl 81 59 fufq 9 Wi % =
UeNhd HH eIl B A1 Sifue? (IAE 6
YA GESi W Hafed Ukt AR AT
TR | (b) fores ot fafere § fed =i e
W1 AR eohel L S fRE 19 1 Ffifed fwan
S 2, A 39 TG 1 A9 9% S 2 SW () §
g SR fHgid o YR W $9 Y&l &
R Hitau| (c) e o fafdst o ddifea
9 Sd fRed 1 a1t Heheleht therd! © df
B B2 q& 3T S VO HAI? (d) Weld T
T TG Teh WY ool ol SUAN i 1 36
1 7! Tl YRR 1 IS Tl fHerdt 872

ZT (a) A T Soet oF Wi o faferal oF ey 7ig =t
el u B 97 forferel oF |e seet v Ee | T S ST
3T @1 81 1 9oe] o WYl Tig hi 9el V+ u 8FH, S aeat
FT AR T BRI AR ool W THART 96 G ATIH
dledt & d1 ded a5 wWrdal sHRET GA
V+uW@§aﬁ3ﬂTmlmzfaﬁEéﬁm,m
TR F =, V+ (V+ ) =2V + u, f&fre I = S
TS BAM 3T: 39 W TIOHM doet § Heg o qvE %
1 =Tl 5 Wl 81 AR seen WR T € o fver =
u¥ A BRI ] o foIQ sHept o1¢f A § gfg BRI
(a) & ST o MR |, 9 M, (b) (o), (d) &
IW R Hehd B
(Fohd: 30 TIAd W &H 3§, feT > sean, fafdex
> fafere, 319y > 7)1 <

13.5 Holl o GHIGWST w1 faq
ferell wehet @19 W1 A ST Bl @
1

_ 2 1 2 1 2
& = Emvx + Emvy + Emvz (13.22)

T a9 9, ardg we= § et 9 @) el e
HT UM < ¢, > 510 Tl ffan S 2, om:

1 1 1 3
(&)= <§mv,2(> + <§mv3> + <§mv§> = §k5T (13.23)

Fiifer T8l e I faen &l , 31d: T (13.23)
Y 3 e © T

1 9 1 1 9 1
— nmo = = kT -(= mv = — k,T.
<2 > 2 7 ’<2 > 2 7

1, 1
= m?) = = kT
<2 m > 5 Ko (13.24)

feepea o wifa oF fore Teast fordt 1) &t feerfa
<9 o fou g & Frdenshl w1 sevashar gidt 21
IS TR TTfq fhel Toh Haa | a1ed Y &1 9, a
T Frdeniert Y, 3R afs 38 foRdt oRet Y@ o sfEw
Tfd o faw sre # fen e, @ shaa T fRene
T SMEATIERT SR 39 Toh S &7 § ot e foha
ST Thdl €1 e9 FEd © fF We Wi T ok ferg
T dur feepeaH | W o folg T wife dF R
fordt dqut fave wt T foag o W o3 o 7fa &1
A Tfq hed €1 31d:, fiepeem ® g & fag
Tl 9] T A > HifS Bt &1 Uedeh T
TSI 1 Ueh ToTa>d hife Bl §, Toraw wifa o ferelt
mwaﬁqﬁmﬁaﬁm%,mﬁaﬁ—mujaﬁi
S % W T o, T v, ¥ T (13.24) F W
TEd & for ada 9= 3@ YRR o ok UE
Ed T - kT 2

T S THTRANE T o Spe § ohed
TG W63 hife gt 81 dfehT 0, A N, St
fammmuyss i o faw § @ % ¥ed €2 0,7 ]
¥ 3 TMAE @ Hife al gl 8 €, W, sk
SRR T8 310 39 AT b5 ob Ia: O Ta
F gehd 21 Tosl 13.6 H, Sl o < wATOgSH i
Sre aTell 3@ o @aad a1 @A gUE A9 1 19 2
Tty Tu & foeer afta: ero) gof wifd ) gehar 2+
37d: T Tt YA Y I Sl =g HifE 7Rl 7
TH TR el Sl H IR FHoll £, TS O St ¢,
Tl T I 2?1

1 -, 1 5, 1 5 1 1
& +& =—muy +—nw, +—mu;, +—TLof +—1
t T 2 x 2 y 2 z 2 laf 2 ZQIZZ (1325)

+ gl &t oA arelt Y@ & ufta: gl %1 g et 9gd %9 g @ iR adien AfwE SRl 9 gt T

Bl I SR 13.6 1 SAfam st fEu)

2020-21



346

Q)

fer7 13.6  fERATH S0 & q1 TdT qU 37871

Tel 0, TH o, FHAA: & 1 T2 3 qRa: HoF =
qA I T I, 3T I Seea-emept €1 eAm i,
yIeh F0T TG ehife el H Teh U8 1 AR il
& ot =poff wfa o forelt =) o1 ol wftafera g 2

TR T qE AW foen €, 7 0, o] T ‘g
st 2, ateifd, 9% 31] b T w0, % faw 7w
RO, Tl (HEE 9 W) TE qE T ¥, W wed
A 7 B CO S8 D 3T0], UHE a9 W ot F5
U H €, Nl ST T, SAUIHI[ el
R THHE T FW ¢ (S o9 @ S
@f\aﬁaaﬁw)aﬁw&wngmmfﬁ@ﬁev
A St w1 ot g ©, T,

1 (dy) 1.,

evzgm(d—ktlj +5ky
el ke AlcTeh 1 ot Tdish T y T9ehT oA e
HIEES

E=€£ +¢€ +¢g, (13.26)

T e SifSe, e (13.26) 1 fRu T
HU-Zell U3 H, (A o U =0 y W& dy/dt o ot
wftmfea €

g ot @ fF ToE A T gol |6
Ffe T A w% & “affid wg” F AEE R 7, W
IR (13.26) § U T 9= WG4 whife o Aue
] ¥ Tfast vd fufas e = & ot S afia
T

TSl o S § TH fgE US 10 BRI el
eI S ol Teh @7 STl €1 89 3@ 9o © TR
TH A9 T R AT greEee] § Eadd Tfd o
Tk B o T S Sl Y I T 81 Teigem Heamed

2020-21

sfiferent

W fag fey MU fr ufafied wifersa =it &
et aRehd fHGid o STgHR e o fadse o6
T 1 H U € B © e St LA e, T @
A1 HIT Sl Bl AR AT T H, FS GHE T
Tt Ha et ®9 W Sfed Bt 7 SR Yo w9
ST St Ve I, T W ST 81 T Sostt ol EATEeTTeT
from ?1 asgER, fREt e1v) w1 T e it
> i § Fedeh Yo I, T St o1 AMTEH Xl €
Stelfeh Yedieh U M 2 X Yo ke, T = kT ol ol
ANEE S €, iR, shud B9 § s R feerfas
ST YRR T SsTied b1 AR e 2

Sell oF FHfaISH W *1 I 39 gwas Hi
foma o%g 9 TR T TRl &0 Saifak €9 9 6 I
faftre o o 9@ &E 6 faw sw f=m @@
SN | 9% H S i fafire e e & fo
off 3Heh YN 1 G faeror <)

13.6 Tafore wear enfiar

13.6.1 THUTHUT &t & fere

THTAT 19 o 210] A sheel diF Tl e
Hife it 1 7d: S9oh Teh U] I T A W 3AEa

%51t (3/2)k, T BRTTI 39 Yo T 719 o | Hiet 1 el
AR st

3 3
U = lsTx N, =_RT (13.27)

ot T R HieR fafere e i ¢ %1 W R,
au 3

C, (THTRHEF T o fow) = =5 RT
(13.28)

et 19 % forw

C -C,=R (13.29)

aﬁ,épﬁmmmnﬁwﬁﬁ&mwﬁm%
5

s@:, C,=2R (13.30)
2
o < fafere o1 enfiaet 1 UM
C, 5
=2 13.31
’=¢ T3 (1530
13.6.2 fguwumures faf & fere

S e T fohar S weht @ fon fguAnrss ety a6
STF SRR Bl ¢ SR A g6 Aepfa Bl gg Tof
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M, df 3UH 5 WA HIfE 7 : 3 WHIART T 2
Foit| ot TRfgaS % fFEHER 9@ gwR #1 i9
o T WA HI, TAT T Fa AqReh e,

5 5
U= kyT x Ny =2 RT (13.32)

31d: Hier fafyre o wnfiard

c, (% fgmm) =2rR c,= TR (13.33)
2 2

y (35 fgwam) = 7 (13.34)

5

I G o) g8 TR €, o T Uh
sifafed 9 w9 ot gfwfea @, @

U =(%kBT+kBT ]NA = —RT

CRIEN

7 9 9
C,=-R, C,=—R, y=— _
, A y=-R (13.35)

13.6.3 SEUHITE Tl & fow
h &Y H Rl TERANE 0] § 3 TG, 3
Hufl @M= Sife Td o Miv=a e (f) & &
9 B & ol FHfaweH o FRETER 98 grEd §
U S Gehdl © T TH YHR 1 19 o | A Hi
FA AARE Sl
U= (3 k,T+ 3 k,T+fkT) N,
2 2
@q C,=(B3+f)R C,=@A+f)R,

L)) (13.36)

(3+1)

oI AR, ¢, - ¢, =R 9+t ateel 7w & fag
T &, Tt =’ = T T @, fgwEn @
HUE TEIAE ft FA A 2

Rl (13.1) ®, &l |, shoe w6l 6t SUeT A
TU, Sh! fafvre o umiaet o faw o dgifas
a1 geteg e @ #1 3 /A GRef (13.2)
T feu Tu g e o fou fafyre s arfia@et -
IR A @ RIE 99 @M 21 98 O €, foh Ol
% T € (S wreoft # e <erfé 7€), S Cl, ¢ H
Al | Wgd S U@ T ¥ WIHRU: 3 T

AR 13.1 i w7 faferee o enftanet o getqat
M (9 &9 H1 UM H gU)

h ﬁ c' CP CP7 CV
'qgrl%{ @mol’ K | mol K | (J mol K
ThITHATIR 12.5 20.8 8.31 1.67

20.8 29.1 8.31 1.40

24.93 33.24 8.31 1.33

WO 13.2 9 TG w1 fafire sw et o

wifad A=
gq,rﬁ[ @mol'K?) (@ mol* K™ |(Jmol'K")
W He 12.5 20.8 8.30 1.6
W e 12.7 20.8

6
N o b 8.12 1.64

ThUH[h Ar 12.5 20.8 8.30 1.67

W H, 20.4 28.8 8.45 1.41
fgq@ U o, 21.0 29.3 8.32 1.40

W N, 20.8 29.1 8.32 1.40
o mo 27.0 35.4 8.35 1.31
FgIHIU[h  CH, 27.1 35.4 8.36 131

fafere e enfiarsti & @@ 9reft (13.1) ® fw g
Tgifer Al § efuss Trg Tw B gHenT o1d 97 e fm
g &0 IR o U TG ok AR i ot
wftnfea =L, df wrEifes ws dgifae qH o e
it gfeTer BMt| 31q:, AT ard W el qHiasrs
=1 T, wrEifes &9 9 =t We T Bl 2

P 3eTEvOT 13.8 44.8 X F@ O & U
AR adq § STP W Elferad 1| it 21 39
9 o 99 W 15.0 °C gfg w & fau ferat
o1 ohi SAEYFR 8?2 (R=8.31J mol' K1)

Ze7 : T F9W PV = URT &1 SUAM &ich MY 98
SEr | <9 Hed © TR e off eneet 9 % 1 A
1, "M A9 (273 K) W& <€ (1 atm = 1.01 x 10°
Pa) W A 22.4 ¢l €idl €1 36 Weih S
1 ‘HIeR FdA’ HEd €1 3Td: TH I | 5
fieR Eiferam & 2 Tt €1 it giferam TehaE] T
e, 39H fad emgad w fafyre e urfia
C,=(3/2) R, frad <= w faferse Foar enftan
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3@, @ favara =

1 TRATIET Rl 3R-SER Sed TU 3@ ST Hehell &, Seb-3ieh a1 &l , TR @ THI &1 Hehell €1 39 HeAl
o TRATRUT <l STot o STUSH gRT Hehel S U 3@ Teohd 21 TISHUI shi 3T ~ 10° m 811827 H, Whidels
& IS, e oS 3 Sl § eford el oF WRTHUT 1 YeHei o THe &id 99g I8 = fh
éé@—ﬂéqﬁmﬁwmwﬁfaﬂlﬁ§

YT fogia 58 IRERHT 1 Teh Tel AR W&A il €1 Sl | feifad frdt five w wet o e
Teft fegnadi § HWug td wd &1 Fifw o #1 id Agtess 2, frd wh e 9 "6y w6 o st
1 G A Ia € T foda feen ¥ SRt Weg i arel AR i WEA ekl §1 Wee
3T i %] o AT 39 SMivas HEgi 1 G& | I Fol Togl & & &I ol § SUvig gx
% HRU TH UL St G w1 v frEE T7 v

I fyue et Bier 81, T R o geneefl 9 fag v g 8, @ fafa= faenst | 2 ot stfvass
Hegl ol & ¥ A QUIETY Ui el BT STl WA (S A1 o7 W) o T[] o Had HEgl
51 fefad five W Tegl o %R STNG Holl Ta o SAEOT 1 ar I 81 sianl fodl 7 fret fxem
¥ et Gam iR o el gt w W €1 gHeny, e fuve 3}-Ag &N @ wfd e @ iR asfese @
T wHATTS Wl 8 STSTehel SIS i Sheat ol ST &1 78 i eMfudeh frargiern s uh g2
1EI'EITUT%I T <Y 50 aﬁﬁmmw (scanning tunneling)wmmﬁ@?ﬁ]ﬁ S, S:IUJ,S"I)[
1 @M S @I 2

1087 ¥, SR § wrEiRd fig o oo STEHE Seldl 4 7 shael SV ] @ § Fherdl WE, A%
98 3! foga Reafier sT=r=aferansti 1 oft <@ ek | WET o 3ifd o7eq @, <9 HRIbehe &l hife
Y off 0 Ay a6l S YhT T R T 3R] YRIRTd Y, 31X 390k Wil ok H9d Y 910 (TR
Yohg = 10155 ) 379 Al 37T THAMR el o Zg 3 o 1 72987 HT Gohd 21 3G H &

T ‘e’ wed B

C,=(5/2) R B i =& &1 omaaq fea €,
TR S A H o fAIT C 1 ST HE| 374
METIH SO = Hicdl i T&A x TR fafyre o
TRt x et
=2x1.5Rx 15.0=45R
=45x%x8.31=374J <

13.6.4 3l ol fafyrse ST anfiar

2l w1 fafire FeATeIRar 9a w o faw ot g8 e
TafgaS %1 fEm @n w1 Thd €| R 3
fav o foem sifse, it N OREgE w1 S 21 Yol
TRAT] SO Wi feefd o 3R-SER A Y Tl B
foret whfordia w9 #1 sfEd s 2 x% kT
= I, T %1 Tferdia st o fa sima <t 3 &, T 2
39 F | et o fAUN= N, 3R TR FA AR
EX|

U= 3 k,T xN, =3RT

3@, T/ @ WAQ = AU + PAV = AU, #Hifsw
forddt 31 & foaw AV SUemie 21 erd:
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AQ AU
== = 3R
AT AT (13.37)

WRUM 13.3 FF o d9 U9 IgASad 6 W FS
I i fafirse o enfiarett o @M

=
k) J kg 'K') |enfar(J mol'K™)
Tgfufem

900.0 24.4
EaCE] 506.5 6.1
GGl 386.4 24.5
o 127.7 26.5
Ik 236.1 25.5
T2 134.4 24.9

gt 13.3 <wifdt @ foF =amaer ®9 9, 9ErT a9
TR YT WA HH AR W W Wl @ 21 (ShTee
T AR B

13.6.5 A &t Tafyre sor enfian

BH S 1 3l 1 e & o B Tedsh W] o g
ST ST 3k, T BN 5T o 1] H 3 TN, < TR



aruTta Tagia

o 3R U SfISH o B 81 o7d: gHeh | Hiel i
AR ol
U=3x3KkT xN, =9 RT

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

Te THHT Uierd WH ® IR Wit $iR Sgifaes
Ml ¥ I FHE 2| shedrd, T, feift amies o wia
1 fafirse o e o1 | 1 21 iR, 1 ohelid =
4.179J 3R A 1 1 9l 18 UM €1 37d: Scl shi Uid
et ferfyree oAt ¢ ~ 75 J mol ' K ~ 9R €1 ey,
ARl T TR ) sifers Sifeet ST o et T
I W i qeh 3T fie Soten 2d B

d o, g4 Sl wHfaSH o o gfaftsa fam =
smuiia faftre o aif@el o q@EEaH & W&
TEAYUl 9§ i AW H @A difeul NEeh TER
R fafemse e enfiand g o fAeRk 7=t il =g
S-S B e a1 SR Sed S ©, 36 Wi
o oy foeer giter=r g9 o €1 5@ T>01 gt
Tererf i fafere o onftand =1 1 SR ST Bt
St §1 TER Haw 3H aed ¥ § f fe oaw w
T il e SR gHieIy STyl 81 e 81
feufafted wifast =1 3fte 9, yobe frafq § @
Hifedr emafafda & =fed) fr= g w fafire som
TaTstl o1 =aaeR feRufaftad difde! 1 seqaerial
Tl © 3R 98 SRR whael @died HRONSd o
YR W & T foman S Hehar ®, Sta R weued
ST A <A ol Faied At | w@rd=a ife o
JEt B9 9 Yot € R § R sEw et e
AEYTH €| TE W o1 1 o SR € Al T &
TR § A Sl w@asg i gueEl 2 2
13.7 WIS Werd UL

T o eyupeH w1 Tl TRl efern, 9 | At o An
1 i o aUeR Bl B @ off, g ¥ faferer 9
o &8 TG i W & TR B qh fa@id g9
HIHT SAfersh THA ol &1 afHed | YU 1 aed e
ek o1 L&l 1 UE SEfaT gian €, i, T o a1
T ufifird, W 3TId SIS Y o B B gEifee 3
TER THG T oh oy wred ©1 gRomeeEsy, o
A ®Y W, WA @1 H Ferd 78l W Fohd, ST 9
R aftafdd & 2
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a7 13.7 At 79 7 fordlt 79 GRT gafia e forad
FIE TH 37T FTH THAG

oM fife, et 79 o @19 d oA % T €
78l &9 319 e fordlt T TifqeH o10] W Shigd
et e =t <> B1 7 foRdl off T8 T ety °
Tog T S T Y TS o Hhal o o9 H g4 d
o 3T AT ST ALTHT | T A9 (nd2 <v> A T
Yl © T 3T oTen i ] TEE THUWT (W
fo=13.7) 1 AR ufd Thish = ¥ S1vjeti &1 wen
nﬁﬁﬁ%AtWﬁnn&<v>AtWWl
TH YR GOl H1 W nad? <v> B A6 < Hiqw
Gogl o ot sfiea Sae,

T =1/(nr<v> d2) (13.38)

e e L e
1A o 99 (1) HEd ©, B

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

T eIt § gAY I8 hod #1 7 fh gE gt
a70] ferrmrereen o B1 W oread § |l o1 iade @
3R Hog < AS o ArEa sufers o Ry i
T WA TN T TH FHHI (13.38) H<u> Hl <v,>
Y gfcqeentad T B oTa: Sifien Fened SHeata g

1=1/(v2 nzd?) (13.40)
3N, 31 & a1 o ST o o, STP W S o
<v> = (485m/s) AHL | T T 1 ehe FW 2l
(0.02x10%)
"7 (22.4x107)
= 2.7%x 102 m>
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sfiferent

d=2x10""me |,
7=6.1%X1019s
TN, 1=2.9x 107 m ~ 1500d (13.41)
St Tda off, SR (13.40) g T T weg
U 9 1 HH U] i FHY T G o T
yfaemd: fsit s 21 frdt stcafuesr fraffaa Teft o
o nfwan ot w0 F=& T 8, Wem ged uY Hw 9H
Telt Y oaTE o SR B Gehdl

p 3TTEY0T 13.9 373 KW, Sl o4 |, 5cl &
370] ok H1& ol 921 h1 STheT it | SETEIT
13.1 3R THIH01 (13.41) § <t T gt 1
SYFRT SHifS

g7 S arsd o feTT d 1 9, 5! a1 o faw AM
TR Bl 1 G el WA 1 o kA €|

z@feu n=2.7x10% xgzz x10%m™®

d: HIET o 9Y (=4 x10 ' m |

e S, me g v, g ufeRer g 9
STATIHAE T ~ 40 A=4x10m T ga1 H 100
T R TIeT G U h1 IE 91 AH & 6 % WEa
SRR 1 Hiesieh 21 for ferelt oen o1 o Tl i
Tifd =&t feren S Heman 21

STUFT TgIa o1 SUIT ik, T, o1 aletehl,
Td foERer S Tqd WY Ul R enfUdes ST S
e qrerel 9 e fenen S wehdl 81 36 08
Taui ¥ € Ty SISt Fi SAHI T Aehe fohal
T e

QRIIT

1. @ (P), A (V) 3R TH a9 (T) ¥ e Tfyd w3 et oneel 49 e 2,

PV=uRT =k, NT

78T p T TG WA SR N SIS F1 W@ §1 R Tk, HET: WALk W e

deesdH i &)
R

R=8314Jmol" K, k, =7 =138x10%JK"
A
aredfas 1, steyl 19 THieRor 1 SR e shael S=d 19 qen e g W & R Bl

2. ey T o YU TS o ER

P=lnmv2
3

T&T n STV HT FEA T, m AV HT FHAE TS 2 TART WA A | THR! = 1
THIHTOT o T A ¥ q9 H TH SR S W # €,

v —\1/2
lmvzzﬁkBT’ UI‘TTLS =(U2) =] SIC—BT
2 2 " m

THY T4 98 o1 Bl @ T et T & ara sues ferelt o101 siea Tifst St e A € @R
T 19 71 319 FT Yopfa W FAef 7 ean e Frad e R e & fage ¥ 9 o) 1 ei|a

e STUeehd % Bl 2
3. T it et

E=§kNT

2 B

T8 e 9% 9F W eIl 2
pv=2k

3
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Tl GafaarsH 1 oM S € 5 3t ueh Fee wea 7w greEeeen | @ @ fel S g9H
w9 ¥ fafe= o w9 § de FR fawifod 2t € iR ® §9 & W T 98 FoA -~ ke, T Bt
B Yo% TMIGd T S[uft s shife o HTa SFagiyol &1 Teh el ®4 gl 8 3R 368 §e!
Foll — ke, T B T Fedsh A ST o W1 Sotl o & &9 (st we feerfast) ged € e
THeh | sl = 2 X~ ke, T=k, T

Tl GETIAISH 1 1o @ ek g9 T w1 Hier fafere s ifiar 9 w1 g § iR 39
TR e fafiree e enfianed o 6w i oh Ent g ure fafire S et o ae
Y fierd &1 9f% 1 o oo w6 1 o Rererl § it X al 98 e R ot g a3
HIeA Tkl U [ 319 o S ik WoE! oh WY SEeh g wiold SiEd g0 ®

1
N2 nzd?
el n G&A S Th d 319 1 A T

1=

faemuig faua

fordt T 1 <@ haeT Y i ORI W &1 ARG &1 8T, dfceh 98 T § 81 S8 faemme
@Al B FdT § W@ T o STdA § 1S uid grerere ® gidl @ i 99 Ud o ) SR G
HERGGIS

T o SRR T o e o eH g TE-Fg1 R HIE HROT Gl A AMET GHE q
3R /@ W T ST 3R S H SAIHAISh 0 o RIS 9 T o o¥eR g1 9gd f9 TR 59
? @ 9% e g 9y € o fRE T ¥ SR < %1 100 T SR S70] Y STHIG H
1000 AT BT 1

Sl HTAISH o 2 i 89 39 WhR & Fohd e— 4 A | Yoeh Tisd Fife o qiel
Yok T 3l St BId1 81 S0 FT1 T Sl o Aeh H Fork 5o 0 UF @@ Hfe i
ST AfE) o7, Y% SuA-faen § < @i wife (7 fF k) B © (i ue fefas wai
& Hd) WWvaszT=kBTzﬁ'cﬁ%|

et M ¥ 91 oF W9 o10] A1 781 R S ([ o HR0T) a1 H¥ T AR 781 38 o
iifeh e agd o W TfHA Bid 2 3R PR Tog i d 8| W § Y Sengdl W s
ofte1 Afureh a1 € (SIH agHUSd W) | SHH G9E A €, Fifh WA SEdl o forg fefas
ol (mgh) &1 O 0] &1 G Tfast St 1/2 mu? T gorl B HT w9 2
<> HIE (< v>)2 o U &l eranl Terdt Uik o ol 1 wen sevaes 6 ¢ TR Sw ufy o
Hq1eA o a7l o SUER Bl I 3 38 R i Y o fau ST aar gend 872

13.1

13.2

AT

TSI o TU[3Tl o STTaA 3R STP W ek §RI =R 7T el STTFa shi ST A 1oy
siferdIS o W 319] &1 =19 3 A wifsu)

HeR 37Fa9, STP W Tt T (e7eel) & 1 Hiel 8/ 9 TR 37a @1 (STP : 1 atm 279,
0 °C)| TYiEd T o8 22.4 wfiex B
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13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

fo1 13.8 ° sifafis & 1.00x10 kg §99M o felt PV/T Wd PH, & ST-3Tel ardi T
I <9I T

Hoxy

v

o7 13.8
(a) feigfema Y@ =n <wiidh 22

(b) M T B : T, > T, FAT T, < T,?

(c) y-3181 R STl o ferd & o6l PV/T &1 WM 11 €2

(d) A &9 TH & W 1.00x10° kg TEGSH o faq oA1d o off @1 39 fog W <&l o
y-31e1 9 fierd € pv/T o1 A 981 B2 9t 7 il grEget o fehad e o forw pyvy/
T &1 A (FH I 3R =7 A9 & &7 & fau o€t gm? H, F 19 Fo999 = 2.02 u, O,
1 379] So9qH = 32.0 u, R=8.31 J mol~' K1)

T oo fafeist et 31aae 30 et B, § sffefis &1 SR 31« 15 atm To o
27 °C %1 7Y ¥ $w 19 et oF & o1 79 (97) T IR #X 11 atm T @9 iR &
17 °C 81 Sl ®1 1d ShifsQ o fafeiel 9 sieriise w1 foraet @nn ferel T 21 (R=8.31
J mol™ K, SIS 1 Y FeTHM O, = 32 u)l

I 1 Th e, FTEeHT SFH 1.0 cm® €, 40 m Tedl 3l &1 qeft ¥ el a9 12 °C §,
3T FW TS W AN T &l 19 35 °C T1 3T TqHT AT F1 B2

Tk FW A, gt o1 25.0 m? ®, 27 °C 9 3R 1 atm <6 R, 91 o ot q0peH (e
LSS, SRS, Seored 3R 374 qft 3ferral oF ol WiHfed 8) o1 §eA 6 Hite)

Aiferem qa) w1 g ardE Sl 1 STehel RIS () W & M9 (27 °C) R (1) G4 &
I dT9 (6000 K) W (iii) 100 TG ehfead a9 (AR o SIS H1 WHUH dqT9) W

GO 1T o i Sl o Tk €A 3R < RO ol B T ade | e (TR
g R, W ¥ it (fgreem) e # oiik diet § ifem deuveiee (qgaEns)
B T A S W 6 o W STued kY W weE 82 0 o uehon | et Rl o,
(et A1e7 U =Tet) FHA B

fohe AT W o T fafdet § stopet #1 o, - 20 °C R EfeEm W wwEgst w# o, &
TR BN (Ar T TRETY] S99 = 39.9 u, T SHe@H 1 WA FFHM = 4.0 u) |

A2 19 o U fafdet §,2.0 atm <@ T 17 °C 919 W, AE2sH T0[A o Hq1ed ot 99
Td Gug 3ghd 1 STeher hifSTu| AgSS 310] i B @ 1.0 A &fifsme) Sz -1at st
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13.11

13.12

13.13

13.14

T STV R |1 Wl o S Waddgdeh 9o § ol 99 | SIS (AT52sH S Ao
FEAM = 28.0 u) |

rfafiaa  TvaTd

| e et Hendt (3R T fo WER) et afst w@it 7 81 39 76 cm i@ 9 URE G,
G % 15 cm WA hl Tl § Tsherd Tadl €1 1 BN AT Gerl fo = &1 31 W@ ge el
1 Sedier T fEa Sy

ot ST @ BIEGISE 19 28.7 cm® s 1 R A faafia g1 wh 81 5= fearfeat o =6 g@d
T 7.2 cm® s R fGaRa gt 21 39 T 19 i vg=t)

[HeRd : TMeH o foeror FRM R /R, = (M, /M, ) /21 STERT SIS, T&T R, R, AW T i
TR0 <X o M, TS M, 36 Sifvereh 5om 81 2 o st firgia o1 U e uions 2

e ¥ Rt 19 1 S SR I 319 Ul S ¥ THEnE € | A€ quidan 9 shaa
adt & & B off 9 g9 7 @ | SR o fau, e ¥ yeifad e T oy w1 e
(3TR ) THGHM TEl B € | SE1 foR Y ST HN SHRT T S o G Tl ¢ |

qﬁﬂ@ﬁﬁ{m‘aﬁm%m’ n,=n, exp |:_%(h2_hl):| @ﬁaﬁr‘%,aﬁnz,nlm:
h,d h HEEA TR HEAHS FA hi UK B © | 39 HaH 1 SYAN 59 WY | e

foRlt o1 o STaEIE T oF fTT WSRO n, = n exp {—msR];’A(P—p') (hq—hl)} T A

F & AU FIT, &t p Feifaa w01 1 99 q9 =R’ WE o /AW H T € 1N,
SATEITE! G, 991 R W teh 19 fadies € | [Herd : Teifad 501 o 9t 91 &1 S oh
fory SRS & g 1 SwET F 0

= Fo 3G 9 goi o S R T | ST AR T ST HT SR (TRTET) whife)

I e
)

EQCENEALD) 12.01 2.22
Tee 197.00 19.32
e (59) 14.01 1.00
faferm 6.94 0.53
TS (5) 19.00 1.14

[Gehd : O AT o TCATY] 319 37ere 5o Warken ¥ ‘el § 59’ ¥, de STEsl e o
1A T T SYART Hifere) R off et fafir wamve SRl o fe 1o9 g’ e areforss
et w1 faapa AeRe: T & HT AT Hifch ¢ Tolwed Af-Ashed Hi el oh
TR SRR FS A % WH H
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