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T A R s fewmfomt ¢ (i) vem, Tafa s
SFR A 1 =gd fRan 8, W oaad H, ad
A W o R T Tl 1 74 vt oft argfemsn
3MFHFT 1 2, B9 Teh A oW THdA Tkt 3§ W
ST g o =R AN Y Gehd &1 &AM e,
ATE AL AT &Y 3ffam ufoms o yehe & e §1 et
10 & XU 7T qreher & M % orER Ak %1 |
TreTaEe § 2, @ 3Hh U 9 W T g e ©
S € <@ Tt g wm W s g @1 (i) T,
39 gAta | g forgl off Wegl sl SUefofiy "t
ke ® afferd & fohan 21 =afy, 3@ gefumon
1 IS TakRT SATecd adqHl Al Hicd €, W TOeHS
w9 U g9 78 3@ Tehd € T 3o offem uftomm # 3fe
T o AL FobE AR @ WA w A S
1 SHT F@ —n Av At TE ST 71 379, i Tog
qefes & R 9 U Tomh wewen § 2, A
(vx,vy,vz)aﬂmﬁaﬂaﬁ,WQFW,ﬂﬁW
ot STeht @t fa=1 yRfyes am aren +iE & 99g &
M T8 AT (vx,vy,vz) WW{@’HIWW&Q’W
T g A A o foaRer Tl TE w ourem gt
TR B BH 2 T A T h| 3R 59 TR ST

g § SUOi ®) U ST ufshor guifaa et
Bl

13.4.2 AT T U] Tk TG

G (13.14) 1 39 YR ot for@n S ek 2,
PV = (1/3) nVm y?* (13.15a)
PV = (2/3)[Nx-m p?] (13.15b)

el N (= nV) 719 o 994 o 310pefi &1 et Te& )
e ras | fordl Ui 9 % erugeti w1 s

MG Tfast e ©1 s fhel et T\ Wi

TR St qofd: Tt o & 2,

E=Nx(1/2) m p* (13.16)
Tt (13.15b) § @9 89 9 o 2,

PV=(2/3)E (13.17)

3 BH A9 1 MR AT o foly qaR )

G (13.17) 1 Se9 T g (13.3) 9
A & W
E=(3/2) k, NT (13.18)

AE/N=- mp> = (3/2) kT (13.19)
s1iiq, forel oTv) 1 it it &ofl, 9 o T a1
o STTRUEUE Il B : I8 Y T w1 YA, I
T AFdA W R T H | T ww Hifaes freed 7,
St ot g o A, ST T U T, 99, g
(S8 FoAMTRRT =R el Sl @) , 1 et anfoaes
T e T
h3dl B siesTdH i 57 < g & o Siga
2 oA 9 2E d T (13.18) F€ TR A ©
o aTeel 19 &1 STafer Sl shael SHeh 19 W AR
FHIA ¢, @ A G W AL A9 H 3H e 9
e € T emeef |l w1 sropfa fasra emeel T
eI I 39 R i fafu= g fraat o gofa:
I B

Aferar 3Teet T o fasior o forq opet < fason
Wi T b S1el o1 NS Bl 81 WHIsOT (13.14) i
¢ ®9 ¥ 39 YHN fo@ ged €,

P=(1/3) [nm,p? +n,m, 2 +... 1 (13.20)

+ Hopd E Sfafeh Sl U, TEH o= s Hifedl & wron ot et wftuferd 8 gehdt © (Sfed S 13.5),

oherel TG 9T €1 ek Sl 2l
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oAl 52 e

T % XU T SoHE W, @, A1, ST S € el o fEd e W f, 59eh Te S1ueti o o e
&l BId| HeEl oh R SAULS Y Wil SR Wi i faen uRefda et @ 21 aenfy, wreeen § =t
1 feraror Tl o frad @ 2l

agd 9 el o o o SRR &1 A=A w3d 999 =l o 3 faao 9gd Aeequl T SR §
ST & T e o w9 H, o ferdlt T § wl ki o1y W faeR Y| wekeh At it 31 Rl qiehetd
¥ gftaferd & 8 - el TE #1 79 ARl % Gqel ¥ i gehd T : 20 I 7 i g F 5=,
20 ¥ 60 I TH I MY & TFh, 60 99 W ek g ok g5 AR eH sifew fagga SRt =ifey
Al B9 o11g o 3R SIS AU Gt THE o Tohd B : 0-1, 1-2,.... 99-100 T A1g o THE| el G HI
A HH HW € Al 39 AG-AqTed § M Tt @i 1 Fe ot %7 e S 21 Sqeoned, e o
3T | ARN 1 TN Th 98 AqUed § A i G i TR 3T M| 3T S7aUel x TH x + dx
H @R TS dN() ST dx 3 STTHAIA SN S, dN(9 = n, dx, F& n_H STER T
X T x+dx % 99 & S § A Hen F e s § e S

o 0.5 1 Av 15 2.0 O/ Urms)
sTTfoeaeh. =rell @1 Hagael a2

T yER, offvaes Ifaal o Fed W foRR &R @ =l v W6 v + do o S= YR & §en
dN(v)=4pNa3’e‘b”2v2dv=nudvI'EI"E»' ol sie FHaaldl %InV aﬁtué?aﬁawwﬁaﬁw‘m
T R1 S UL w1 G Rl =t v Ue p+dy o o9 € U | 9l gEl o &ethel o ae) et
Tl 02 S Rl Tfer 1 sffa, TERE <u?> =(1/N) | 0? dN(Y) = V(8k, T/m) SR Wi fefam s
? o eifersh Werfiyer RONSt % SMHR TR S qRomEl o fiveran 2

wreereen | fafi= el o efuped w1 efwd Tfds
Sl FHM B ST ST

-m v =-m, v2=(3/2) k, T
F:, P=(n, +n,+.. )k, T (13.21)

& ST 1 ¥R <@l 1 e 2

T (13.19) W &9 fRdl T4 A eruEi &1
WreTeh =16l o1 STHH @ Wehd €| TIgISH o Tk
3] &1 T= 300 K, 4 R H1& a9 =1 ohf ¢

My, 28
N, 6.02x10%

&

Tl, m=

=4.65x107" kg

v? =3k, T/m = (516)>m?s>

v? 1 THA THHI S WA A (rms) A
FEA T IR W o__ 5N ke F:@ T

(p2 H B <> fom gd 7)

v, = 5léms!

TH Wl i i o § waft & o o gue 2|
THieRTor (13.19) 9 &9 39 frehd W wEed € T
A 19 W eIk ST i rms el A el 8|
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sfiferant

> serEror13.5 Tl womer § S T Feli
T 90 ® f5eh §oomE 2:1 % o | R
s 1 A 27°C 71 <A 4 o () 9fd o1 Y
Ara Tt it shT ST (i) T T o STope
1 o HIeA He Aol v, T A 1 IS
3TN ST TRHY] §FHM = 39.9 u, FARA T 377
A = 70.9u

ge7 I8l 9% WA AT Hedqul o 9 € f fwd

(3eet) T T (9 @) iga T et (AR 97

3T 1 TE Teh WHE B, FANH i TE [GRAH

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

o SR Bl §, 19 o A W R et @ e T

T Tepfd W AR &1 Ll

() Ifer womreh o i R Fl ST T 9Tq FHH
g, o o T #r (vfq ery) shEd Mfaw
Foliat T S 1: 1 21

() 89 - myv_2 = Wfa 1] sfga wfast STl =

rms

(3/2)) k,T T8 m 79 o T 319 H T 2|

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

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

Tei M T T AY-FAEE © (SN T WA €
IHHT AN B1) Al qel HT HHA oH R

(Vs ) o,

(Vs )
39 36 a4 W A e g foh Swiea afear o
T o6 oMl o STHR W HHeH &1 g T iTehar
&l B1 9 a9 1 7 ruREfdd @ € df SNt SR
FARNA o FAE foRdll 8T oTU@ H B, a9 ot
(i) TS (i) oF I &I B | <

> seEvor13.6. FEm & @ wEertE &
T 235 u T 238 u 21 AR TTEH
TRIHARTES T4 H 3 I gHeentes foemE e,
a1 ferment siiea = sifues B2 A wee
%1 TA] TFAE 19 u 7, @ fmedt off a9\,
TThT el § Yfavd S7aX STehfeld ifeig|

= 1.33
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gor : Tondlt Frod @9 R efea St = Yo m<u?> @
TEdl 1 o7 319 1 FoHH TSa hH e, Sat €
sfien e STRT TG ST =Tel SRl 79, SHE o
ST o el % kAU €1 T TRl geHH
349u TH 352 THEAN €, TEAY

13 v,., = (352/349)"/2=1.0044

349 / 352

. ‘ AV
aﬁ&wwuﬁwa?:o.M%

2350 o8 WHEh ¢ Foreeh! staedendl MfHsha
forgied o 2l ®1 3o Stfe "EN W 9T M AT
quEenfieh 238U ¥ YUF wH o foau fager & s
Ty faferet g = @R 9 R 3§ Wy fafiet
Tl FER *1 Afeh GhU BT =1feT difh 3T] &l
Tl ! ARl ¥ WEg L Y Tk U HL ST Heb| €H
Ul &I qad H dea § ded ara e
sifer Hen § 9 w1 9wt e i 39 YRR
TRy faferet o ol sareh 1Y) Sifush | | ure S
(Haeq) (fau fax 13.5)1 =@ fafy stda g
T ¢ IR waiw HorA oF foy 39 %E aR SR
vedl 2l <

g 19 foufa et €, @ STon oo &
T 37k ST oF FAUM o FIHA o FhHad
d T (FfET W 13.12)1 N SWER IW
o YR W Y 39 T2 I AR H1 STTHA ol
b &2

"

o7 13.5 T& T 319R & ToRd gT 77
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B

3QTETUT 13.7 (a) S h1g 0] (A YARY 7))
fret (wil) aR 9 Ty ®, 9 T 5
Ty FE S = 9 fauda fgen o e ofed
21 9 HE 13 JeAgd Tk T 9N Soot W
THAA ©, @ o TE & g ©) iy, S« g
AT AR 3T g sfoet W THAA 2, A 78 T
o § a9 led 21 39 feafa o Wi w1 =
Uehd HH eIl B A1 SifueR? (IAE 6
YA GUSi W HaEfed Ut AR AT
TR | (b) fores ot fafere § fae =i e
1 IR Hehel HT 5 fhEt T 1 gifea feman
S 2, A 39 TG 1 A9 9% S 2 S () §
g ST fHgid o ST¥R W 39 Y& @i
A Hitau| (c) e o fafedst o gdifea
9 W e i e eehethd therd! @ dl &
Bl €2 q9 9 1 YU hE12 (d) Teld G
Hfe geTeRt Tk A Seed W1 ST S 2| Sl
1 S TRl YRR 1 hiE HerEdl fHerd €2

Z7 (a) A T Soct oF W o faferal o ey 7ig =t
el u B 97 forferel o |e soet v Ee | T S ST
3T @1 81 1 Soe] o WYl Tig i =91l V+ u 8RS aeet
FT AR T BRI IR oo W THAHL 9 TG AIE
dledt 2 d1 ded a5 9Widal sERT A
V+uW@agaﬁa?r{%‘nﬁ|aﬁ:férﬁraémﬁa,?ﬁzaﬁ
TR F =, V+ (V+ ) =2V + u, fafre I = S
TS TR 3Td: 39 YR a9 soel 9 g o 999N 1%
! =l 9 Wl 81 A% oot 9 & € o wfver =
u¥ HH BRI ] o fIQ sHept 219 A § gfg BRI
(a) & ST o MR |, 79 M, (b) (0), (d) &
IW R T B
(Tohd: 30 Hadl W &F <, fes > sean, fafaet
> fafere, 31y > 7)1 <

13.5 Sl o GHIGWTSH o1 faw
ferell wehet @19 1 A ST Bl @
1

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

T a9 9, adg g § ot g 6t e st
HT UM < g, > 5N Tk fhan S €, er:

1 1 1 3
<gt> = <§mv§> + <§mv§> + <§mv§> = EkBT (13.23)

Fiifer F&l e o faen &l 2, 37d: T (13.23)
Y 3 e © T

1, 1 1, 1
—my) = — kgT (= mu; ) = — kT
<2 > 2B’<2 > 2 7

1, 1
- 13) = — k
<2 m > 5 Kol (13.24)

feepeea o 7ifa oF fore Teas foredt o1o) =t feerfa
T9MH o forq ed e el =t sevaehal et 2
I gt TIfq fhel T Toaa o a1 i & S,
T et 6, 3R afs 38 forddt oxet Y@ & erfew
Tfa o fow are & fan S, @ shaa U fRens
T STETIHRA T 3H Th SR &7 9 +ff =7 fwan
S Hehdl 1 B9 hed € T Wl W@ Tfa & fag
T g g™ # fa o faw s wife @ 2l
et dqui fave &t & foag 9 W fog o 71fa &t
WA Tfq hed §1 o1d:, fReheem ® wfa o fog
T 0] T A W RIS Bt &1 Ueeh T
TSIl T Ueh TaTa>a shife Bl &, Foraw i o foreht
mmaﬁqﬁnﬁam%,mﬁwﬁ—mfaﬁ?
H % W T o, T v, ¥ T (13.24) F W
TEd & foF e 9 § 39 YR o YdS U8
Gd 7 - kT T

A SE THRAEE 19 % et § chad
TG w63 hife gt €1 efehT 0, & N, St
fauRemuyss i o fow @ % Wed €2 0,7 ]
T 3 T @ e @ e 8 €, W, T
TR 718 319 370 SeIHH oh% o R oM T of
T TWehd & Fos1 13.6 o, atferdisi o 31 TR
Sre darefl Y@ & Aded & @as oA 18 1 T 2
Tife Tu & foeer afta: 1) gof wifd ) gehar 2+
37d: T Ut YA Y I Sl =g HifE B 7
TH TR el Sl H LI FHoll £, TS O Sl g,
Tl T AMEE B 1

1, 1 5 1 45 1 1
& +e =—mv?+—mv?+=mv? + =Lt +—1I
t T 2 x 2 y 2 z 2 1 2 26022 (1325)

+ AT i T areft T o qia: o 1 Sge Sl 9gd %W Bl © SR Fien AGehg wRol § gt T2t

Bl Il SR 13.6 H1 SAfam s f@u)

2019-20



346

Q)

ferd 13.6  fERATIH 79 & 31 TdT qUT 37871

TEl 0, TH o, FHAA: & 1 T2 5 9Ra: HoE =
qA I T I, 3P T Sgea-eeet €1 A i,
yIeh F0T TG ehife el § Teh U8 1 AR
2 forod =poff 7fq o fereht =R =1 ot wfmfea g 2

TR T T AW foen €, 7R 0, o Tk ‘g
Tt &, ateifd, 78 @1 sho T w0, o faw 7w
RO, Tl (T 9 W) HE qE T ¥, W Eed
A 7 Bl CO S8 FD 0], YA a9 W ft F
U H €, N ST T, SATIHI[ 3Te]
RY THHE T wW ¢ (S 99 @ S
@Wﬂ?ﬁﬁ)ﬁ?qﬁuﬂqﬁzgﬂ?ﬁﬁﬁ@qﬁ,ev
U S w1 oft g €, T,

1 (dyY 1.,

gv:Em(d_Ltl) +5ky
el ke AlcTeh 1 ot Tdieh W y T9ehT oA s
HEEES

E=€£ +& +¢, (13.26)

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

g ot IfET fF ToE @ T gol |
Fife T A w% & “affid T F AEE R 7, W
HHIRIT (13.26) § T U 9= WG Fife o FHe
7] ¥ Tfast vd fRufas et = & o Q1 afia
T

Sl o SR H S fgEl U8 ST0] g el
et e o1 Teh @7 STl €1 €H W b € 16
A A9 T R AT greEee] § Eadd Tfd o
Tk T o AT ST St Y ke T 81 Teigem Hoged
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sfiferant

W fag feu MU f wfifieq wifemeta =it &
aifuss uftspd fagid o AT9R el o favee &
T & H UE & B € W Sl SEadd @, ol @
AN HY el BN AU A /T |, el FHE €9 9
goft Hd St w4 W sfed B © R Yok w9 H
ST St Ve I, T W ST 81 T Sostt ol EATeeTTe
fram ?1 asqER, fREt e1v) w1 T e it
T il § Fedeh Yo I, T St 1 AMTEH Xl €
Selfeh Yedieh U SR 2 X Yo ke, T = kT ol ol
AMEF It B, Hifh, U9 ®Y H Tiqs IR feefas
A TR HT Fellel w1 AEE B 2

Sell oF FHfaISH 9 *T Iudfd 39 gwas Hi
fqua owg @ 91X T el W Hgifase €9 W T F
fafere som wnfiar @@ & & faw 3@ fag @&
ST HT| 9% H 31 i fafire e enfar o fou
oft 39k YA &1 Hitra faawor 37

13.6 fafyre e enfiar

13.6.1 THUTHIUTE T4 o faq

THTAT 19 o 219] H shelel dIF TMIA e
e it 1 Fd: S9oh Teh U] I T A W AEa

S5t (3/2)k, T BRTT| 39 Yo 1 719 o | Hiel i
SRR Sl

3 3
U = lsTxN, = RT (13.27)

ot T R HieR fafere e i ¢ %1 W R,
U 3

C, (THhIEME i & o) = ar = RT
(13.28)

st 9 & forw

C -C,=R (13.29)

aﬁ,épﬁmmmnﬁwﬁmmmﬁm%
5

s@:, C,=2R (13.30)
2
o < fafere o enfiared w6 egua
C 5
=2 13.31
Y= 73 (1380
13.6.2 fgurumures faf & fere

ST e T fohar S weht @ fon fguAnrss ety 6
ST STAHR B 2 SR A 39 TpT 1 g5 il
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M, df 3UH! 5 WA HIfE 7 : 3 WHART TF 2
oit| ot THfgASE & fFEUHER 3@ YRR H i
o T WA &, TAT W Fa Ak S,

5 5
U= 5kBT XN, = RT (13.32)
31d: Hier fafyre o wnfard

c,(w fgmmF) =2R c,= TR  (13.33)
2 2

y (35 fgwam) = 7 (13.34)

5

afe fgmmgs o) g7 W ¥, 9 T uw
sifaRed @ &9 of gfimfed &, @

5 7
U =(§kBT+kBT jNA = JRT

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

13.6.3 IEULATITE Tt & fag
IE €9 H Rl SgmE o] § 3 THadd, 3
Ul WA= Sife Td o Miv=a e (f) & &
9 B &1 ol FHfawIeH o FRETER 98 greda §
THA S Gehdl © foh T YR #1719 & | A HY
FA SRR el
U= (3 k,T+ 3 k,T+fk,T) N,
2 2
@q C,=(B3+f)R C,=@A+f)R,

y= S (13.36)

(3+ 1)

v A, ¢, - ¢, =R a+ft ateel i % feg
T 2, TR o1’ o8 T T @, fEeeE e
31 IIEE ff F A 2

Groft (13.1) W, Tl o, Sod &l w1 SU
gU, STh1 faferse o nfianedt o fawar & dgifaen
AT i geteg foha @ #1 A 7GRt (13.2)
¥ fou o g e % fog fafire s i@t %
TR A § HTH O @ 21 98 9§, TR udt
% T & (S wreoft # e <erfé 7€), S Cl, ¢ H
Al | Wgd S U@ T ¥ WIMRO: 3 T

WO 13.1 T o1 fafyme o enftanet o geigHif
M (9 & H1 UM H gU)

h ﬁ c' CP CP7 CV
uqu%{ @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

WRUR 13.2 9 TG w1 fafire s ifaet o

HIyd |
‘Fz»"ﬁf @mol'K) |(Jmol'K) | (J mol’K?)
THWRHS  He 12.5 20.8 8.30 1.6
THYHER  Ne 12.7 20.8

6
N o b 8.12 1.64

ThUdHN[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

fgmmmeE N, 20.8 29.1 8.32 1.40
FrommeE wo 27.0 35.4 8.35 1.31
TERATIE  CH, 271 354 8.36 131

fafere o enfiarsti & @@ 9roft (13.1) ® @ g
Tgifeer wFl § efiss arg T B gHenT o1l IE gen T
e &0 IR o U TG oh AR i ot
wftnfea =X, d wEifTes we Sgifaes e o st
it iR BRftl oTd:, I ad W el SnfaersH
=1 T, wrEifes &9 9 /=t We T Bl 2

P 3eTEYOT 13.8 44.8 X F@ O & U
SR adq § STP W Elferad 1| wit 21 39
9 % 99 ¥ 15.0 °C Ifg w & fag fma
o1 ohi AT 8?2 (R=8.31J mol' K1)

ge7 : T F99 PV = URT &1 S9AM &ieh M9 98
a9 <3 Fehd ¢ fop ot oft st 1w ok 1 Hie
1, "M Y (273 K) & <€ (1 atm = 1.01 x 10°
Pa) W A 22.4 ¢ieX Bal B 36 WEieh T
1 ‘HieR T’ Fed &1 31d: 39 ISR § o o
fieR Eiferam & 2 Tt €1 it giferam TehaE] T
2, TOH Trd emgad W fafere soa enfa
C,=(3/2) R, a1 fraa <& W fafrse o wnftar
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3@, @ Tavara =
1 TRATIET Rl 3ER-SER Aed EU @I ST Gehell ®, STeh-2ieh dl &Y, TR 1A UHT € Gehell &1 79 Al
o W i STl o SAUET GRI Hehel S §Y <@ Hehd €| TRTERUN hi ST~ 105 m 211827 |, Thieie
& IS, e oS 3 Sl § eiford el o WHThHU 1 YeAe | THe oid 99g I8 = fh
éé@—ﬂéqﬁmwmnﬁm@?

T fogia 58 IRERHT 1 Uk Ol AR T&qd il &1 il ¥ Fieifea ferelt fuve @ sial & a1
Teft fegnadi § Wz td wd &1 Fifw o #1 id At B, T w o @ g6y w6 ol st
1 G A S € T Tl fEen @ SRt Welg i Al WHEH i WEA el §1 WEe
3T i %] o faIT 39 SMivas HEgi 1 G& | @ Fol Togl & & &I ol | SUvig gx
% HRU TH UL St T w1 g9 frE 1 g

I fyue et Brer 81, W R ot genesll 9 fas 78 wend @1, i fafs= faensti | g ot snfvers
ozl 1 HeA § I qUiEyl UL T2 eral STl Hiem (S A S W) oF US| oh Had Hegl
51 feifad five W Tegl o %R TG Howll Tal o STEOT 1 ar I 81 sianl fdl 7 fret feam
¥ et Gam iR o el gt W S €1 gHieny, 7 fuve 33-1e &7 4 Wi il © SR i @
Y heAMETSl @A &1 SASThel SISt i sheet oTefl ST9eH i =18 T nfvae frargiierr =1 Th g2ed
1EI'EITUT%I RIGRSRIRR SOW@WWW (scanningtunneling]wmmﬁmﬁ SN, STU\T,S"I)[
1 3@ W @ 2

1987 H, 3T § w1 g o SIfTeh STETR St A 7 oheret TU[sHi w1 3@ § Toherdl U, X
I8 3! fogd UREARes sTAafhanstl i ot <@ "ep| U 9 31fd 7Y HAf, TH BRMHE hi hife
Y ot =1 31afy gl SO YHTY T QU § TR GeRTd e, 3R I WIS ikl HHE L | (W
Yohg = 10155 ) 379 A1 37T TQEAFTHR el oh T 3R o+ 1 2798 FX Gohd S| TH 1 aqa

T ‘e’ Fwed B

C,=(5/2) R 3 Ffd o7 %1 e foa €,
HERFF S A T o fT C 1 ST 311 374
SMETIH S = Hiedl ] &A1 x Hior fafyre o
1T x draefg
=2x1.5Rx 15.0=45R
=45%x8.31=374J <

13.6.4 3El ol fafyree oAt anfiar

2l w1 fafere FeATeniar 9 e o faw ot g1 e
TafgS #1 fEE ar w gwd € R S
fawa o foem sifSw, St N IREgE w1 S 21 Yol
WA Ao AT fefd o ER-SEN A R W 2
fret whfodia w9 #1 sfEd S 2 x% kT
= I, T 21 Taferdia st o faw sima ot 3 &, T 2
39 F | et o fAUN= N, 3R TR FA AR
EX|

U= 3 k,T xN, =3RT

3td, f9/d @ WAQ = AU + PAV = AU, Hif®
ferell 2| o faw AV e 21 or:
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AQ AU
AT AT (13.37)

WRU 13.3 W o 9 TF dgHed™d 36 W FS
2l w1 faftre oA At o 7F

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

900.0 24.4
EaCE] 506.5 6.1
e 386.4 24.5
Esies)| 127.7 26.5
Ik 236.1 25.5
ERE=C | 134.4 24.9

groft 13.3 g9l @ fof =am9es ®9 |, WM
TR YT Wi A AR W W Wl @ 2| (ShTe
T AR B

13.6.5 A &t Tafyre soar enfan

BH S 1 3T 1 e & o B Tedsh W] ok g
ST S 3k, T BN 5T o 1] H 3 TN, T TegIoM
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o 3R U SfiRISH o B €| o7d: THeh | Wi Wi
AR ol
U=3x3KkT xN, =9 RT

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

T THeH e O ? SN rifies Sl Sgifae
A § TR FHEA B e, U, Tel A § S/
=1 faferse Soa enfiar &1 7 1 21 it 1 sheid =
4.179J 3R STl 1 1 |l 18 UM €| 31d: Sel w1 Hid
Tiet ferfyree oAt ¢ ~ 75 J mol ! K ~ 9R @1 ey,
SRR T TR SR sHfer ifeet s ¥ o T
e W ARG qeh 3N A Ieren <d 2|

d o, g Sl wHfaasH o o wfaftsa fam =
smuiia faftre o aif@iel o qEgeH & &
TEAYUl 9§ i AW H @A difeul Heh TER
R fafemse o enfiand amg w R T #t| =g
S-S B e i 1 SR Sed S ®, 39 Wi
o oy foeer giter=R g9 o 21 59 T>01 gt
w1t ot faferse o onftand 3= i SR SRR ghdt
St E1 TR HaY 39 aed ¥ © fob fe AW W
T e S R safeTs sTyreh 8 Sl &l
ferufaftea wifast =1 3fte 9, yore feafq § @
whifed eaftafda & =ifed| =t g w fafyre o
TIstl w1 =aeR feufafted Wifde! &1 sTeaaerd
gl ® N 98 SHUER ehal FElEH YRONS o
YR R B T fama S gl 2, S| R wduem
MBI A <A o1l Faieq At § w@rd=a ife o
JEt B9 9 vedt & e | R sEw et g
AEYTH €| & TH 91 1 o SR € hadd T €
TR § b Ui s i gAeE e 2

13.7 WIeT Wa U

T o erupeH w1 Tl TRt eifern, 9 | wafd ok An
1 i o aUeR Bl 21 @ of, e ¥ fafere 9
ot g% 19 I FH % W FH a% foaRd eF o
HTHT e T ol B1 agHSd | ¢ ol kel Sl
ek o1 Tedl B UET SEiiT gl €, i, T o 31
T ufifiid, W 3TId SIS MY o B 21 gEife 3
TER THG T o fou @ied €| gRumeeEEy, |
A TY W, WA W@ H FoTd Tl W Teohd, ST T
R aiafda & 2

for7 13.7 At 79 7 fordlt 77 GRT g4fia e forgd
FIE TH 37T TG THAG

oM e, foredt 79 o @19 d oA o T €
T8l &9 U1 A forel T wifqe 819 W Shfsd
et @1eg =Tt <> B e R off T8 T ey 9
Tog T S T A SIS o Hhal o o H g d
o 3T T ST ALTHT | T A (nd2 <v> A T
e & TG 3T aren iE o1 3Ed Thawm (W
fo= 13.7) 1 Al ufd wahish A o 1upstl &t den
nﬁ?ﬁaﬁgﬂ'ﬂAtWﬁnnd2<v>AtWWﬂl
TH YR GOl H W nad? <v> B A6 & s
Gogl o ot stiea Sfae,

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

Sl e ST A A e T
1A o 99 (1) HEd ©, B

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

T eI § AT I8 hodd #1 7 fh gE gl
a70] ferrmrereen o B1 wq oreqd § |l e1] fade @
3R Hog T A o iiea ek o gr fwita
1 S B o7 B TEeRTr (13.38) H <u> Wl <>
Y gfcqeentad T 3O o7d: STfie Fened SFedata g

1=1/(v2 nzd?) (13.40)
Mg, 31 B a1 o SR o feTu, STP W S o
<v> = (485m/s) AHL | T T 1 ehe F &l
(0.02x10%)
"7 (22.4x107)
= 2.7%x 102 m
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sfiferant

d=2x10med |,
T=6.1Xx101°g
T, 1=2.9 x 107 m = 1500d (13.41)
St erde off, TEiehtOT (13.40) 5RI T T wem
Hord 9 Rl HF 3T0] ki STHY Td H&AT S W
getred: ek e €1 et srcafues faifaa Tei o
o nfwdn ot w0 F& T 8, Wem ged uY w1 AH
TJell T A o SR Bl Fehel T

p 3EY0T 13.9 373 KW, 5 o H, S &
370] o W& ot 921 1 SAThcld hifoTl | SIRI
13.1 3R THIH0T (13.41) § <t T Gt 1
SYFRT SHifU

g67 5ol ard ok feTT d %1 WM, $8eh! a1 & foag oM
R Tl 81 Gl el WA 9 o Gk €|

zafau n=2.7x10%° xgzz x10®m™®

d: WL o 99 (=4 x10 " m |

e S, mer g vy, g ufiehel g 9
STATIHAE U ~ 40 A=4%x10m & ga1 H 100
T R WIe G 9 h1 I8 1 AH & 6 % Wefue
SRR 1 et 21 for ferdlt oen o1 o T4l i
Tifd =&t feren S weman 21

STUFT g o1 SURINT ik, T, SoHI-dTetehdl,
Td foERor S e WY Ul Rl enfuaes e S
Afergen grerel 9 et fenan S wehdl 81 36 0E &
Taui ¥ € Feged SISt Fi SAHMY 1 Ahe fha
T e

QRIIT

1. @ (P), 3 (V) 3R WH a9 (T) ¥ Hae wfyd w3 areft oTeel 19 e 2,

PV=uRT =k, NT

78T T W TG WA SR N SIS F1 W@ g1 R Tk, $HEWT: WALk W s

Aoz i €
R

R=8314Jmol" K, k, =7y =138x10%JK"
A
aredfas 1, steyl 1 THieRor 1 SR e Shae S=9 19 qen e g W E S

2. ey T o AUFT TSI o STER

P=lnmv_2
3

T&T n STV HT FEA T, m AV HT FAUE TS 2 TAR! WA R A1 T THHRI & A
THIHIOT o W A ¥ 99 HT TH AU A W B ©,

Y —\1/2
lmvzzﬁkBT’ UTTTIS =(v2) =] Sk:—BT
2 2 " m

THY T4 98 o1 el @ o et T o ara Suen feet e10] w1 efied Tifas St 61 A9 © @R
T 9 a1 9] FT Yopfa W FAef 7 zan e Frad qw W TG & fage ¥ 9l e 61 siga

e TR HH B T
3.  TAFIAE it et

E=§kNT

2 B

T8 e 9% 99 U Bl B
pv=2k

3
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Sl gafaarsH %1 oM ar € 5% afE uh FerE wea T W g ¥ ® 9@ gl S q9H
Y ¥ fafo= o &9 § de FT Swifoa s 8 o7 B 9 & W & q@ oA ~ ke, T Bl
21 Yl T Te Fofl Terasa shife o Wd el 1 Tk Sl & el € 3K 369 S
Foll — ke, T Bt €1 Fedsh A ST o 1 Sosil o & &9 (s ue feerfast) Jed € e
THeh WA ol = 2 X~ ke, T= ke, T

Tl GETAASH 1 o0 @ ek g9 TG 1 Hier fafere s e 916 Y ged € IR 39
TR T fafiree e enfkaned & 5 e i oh gEnT grn wre fafie S enfaned o A
Y foerd €1 3 7 & i &l b1 oft aRehert § gitmfer s dl g8 g ik o g S|
HeA Yo U [ S0 ok |l i HeE! oh e SHeh g wferd Ed g @

1
V2 nzd?
&l n & I T d 39 1 A R

l=

faemuig fawa

fordt T 1 <19 SRl ¥k i ORI W &1 ARG &1 8T, dfeeh 98 T § 8 S faemme
@Al B FdT § W@ T o ST § IS d e H gldl @ i 39 Ud o &l S 99
HERGGIS

T o SRR T o ool o e g TE-Fg1 R HIE HRON Gl A AMET THE q
3R /@ W IE I IR Sl H SATIATE X S AT G TH o SR ¢ | 9gd i 3TN Fw
? @ 9% e g 9y € o fRd T ¥ SfaRes < %1 100 T SR STU] Y STHIG h
1000 AT BT &1

Sl HTAISH o T2 i 89 39 YhR e Fohd d— 19 T | Yeleh sy Hife o Y
Yok T S IS1 Bt &1 30 H1 Fel Foll & Aok § Forh GOl % TF w@aA Hife fr
S =TI 374, TS shaa-Tore | & @iasd e (7 fF Th) g § (vfas e feafas w6
& Hd) WWle/szT=kBT%ﬁf%l

fordt M o 91 & T 0] A TS IR S0 (TE o HROT) q HI W SR TR IeR A
iifeh e agd o A A Bid © S PR Hog i @ 8| A § i Sangdl WS
offg] fereh Bl € (SIE IgHUSd W) | SHeRT YHIE 68 B, FEih T SuEdl o forg fefas
ol (mgh) &1 O 0] &1 G Tfas St 1/2 mu? T qorl B HT w9 2
<> HIE (< v>)2 o U &l granl Terdt Uikt o o 1 weg sevaes @l ¢ TR S9 Ui o
e o ot o SR B A Y T A 1 Y o fory ST o Tehd 7?2

13.1

13.2

AT

SffereIST ok STU3T ok A 3R STP W Tk §RI R U Shel 3TIa ol STUTd FTd shifery
siferdIS o W 319] &1 =19 3 A wifsu)

HeR 37Fa9, STP W Tt T (e7eel) & 1 Hiel 8/ 9 T 37a @1 (STP : 1 atm 279,
0 °C)| TYEd T 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

fo1 13.8 ° sifas & 1.00x10 kg §99M o felt PV/T Wd PH, 3 STe-3Tel ardi
R 9 T )

\4

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 & o8l PV/T &1 WM &1 €2

(d) A T TH & W 1.00x10° kg TEGNH o faq oA1d o off @1 39 fog W <&l o
Y-8 § T ® PV/T 1 | F&1 B? A &l eegieH o feha ea|E ok ferg P/
T &1 A (FH I 3R =7 A9 & &7 & A0 5t g2 H, FT 319 Fo99H = 2.02 u, O,
1 3] S9HH = 32.0 u, R=8.31 J mol~' K1)

T oo Tafeist TR 31ade 30 et B, § sffefis &1 SR <1« 15 atm To ard
27 °C 21 398 ¥ 3 T ket oF & o5 FAd (i9) @ iR T 11 atm TF @9 R &
17 °C 81 Sl B1 T ShifsQ o fafere @ e o1 foraet /e feprell T 81 (R=8.31
J mol™ K, SIS 1 Y FeTHM O, = 32 u)l

I 1 Th e, TTEeRT SMFeH 1.0 cm® ¥, 40 m Tedl 3l &1 deft § Sef a9 12 °C ¥,
3T FW TS W A T W&l M9 35 °C T1 37 TqHT A F1 B2

Tk FW A, et o1 25.0 m? ®, 27 °C A9 3R 1 atm <6 R, 91 ok ot q0peA (FH
LIS, SIS, ey 3R &7 geft efedl o Ul HiAferd €) 1 §& A Sy

e qra] 1 Siga drdE STl R SRl I () T o M9 (27 °C) R (i) 94 &
I3 a9 (6000 K) W (iii) 100 TG ehiead a9 (AR o i€ &1 WHMUsh dd) W

GO 1T o i Sl o TR €A 3R < WO 9l ) Tee wde H 1 (TehuEi)
g R, W ¥ it (fgreempr) g ? ol de & ifem ereiee (SEwE) T
B T i S H 6 o W STued kY W wHE 2 S iy  STope o,
(et =1em U =Tet) GHA B

fohe a0 W e T fafeet 7 sttt 1 o, , - 20 °C R feEm W st #o, F
TR BT (Ar T WA SHH = 39.9 u, T @™ 1 THY] $o78M = 4.0 u)|
AE2ISH 19 o T fafeiet #,2.0 atm @ TS 17 °C 919 W, AE2SH T0[A o A1ed ot 99
TE HHg 3Tghd 1 ke hifTu| ATgere 319] i B2 @ 1.0 A &fifsme) Sz -1t st
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13.11

13.12

13.13

13.14

T STV R ] WeIZ! o o Waddrgdeh 9o § ol 99 | SIS (AT & Sfifvesh
FFAM = 28.0 u) |

rfafiaa  TeTH

| HieX et Herdt (3R s fl W ) eft difast &t 7 #1399 76 cm e 00 RS G,
g % 15 cm W9 h1 Tl § Tshehd Tl €1 1 BN A% Getl fo = &1 31k W@ ge eft
1 Feater FT e sy

o SURROT T BRSNS 19 28.7 cm® s k1 R ¥ @l &1 W 71 S fearfoat o 1 gl
T 7.2 cm® s R fGaRa gt 21 39 @ 79 i wg=t)

[eRd : TTeH o foeror FRM R /R, = (M, /M, ) /2T TR IS, 6T R, R, AW T i
foRROT <X o M, TS M, 3 STfveeh Some 81 e fam ST fasia o U TRe aRom 2

TrereEen ¥ Rt 19 1 S SR I 319 YUl SaeH B THEEE © | I8 YUl 9ol Shad
adt & & B off 9 99 7 e | 33 o fau, e 9 ywifad fadt T w1 e
(3TR ) THGHAM TEl B € | SE1 foR S ST H TR T S o e Tl ¢ |

qﬁﬂ@ﬁﬁ{m‘ararawé?ﬁm’ n,=n, exp {_%(hz_hﬂ} @ﬁaﬁr‘%,aﬁnz,nlm:
A h A T HEAHE HA Bl YR A 2 | 39 Hay 1 STA 59 W | e

foRslt o1 o STaEIE T o fIT |l o, = n exp {—msRZ;’A(P—P') (hz—hl)} T A

F & AU FIT, &l p Fetfaa w01 &1 F9a qe =R’ WE o /AT H T € | N,
SAMEITE] ST, 91 R W 19 fFdies © | [Hohd : feffaa o1 o Sl 91 1 ST oF
ferq enferfaets o fagia 1 ST SIS 1]

F Fo S 9 goli o S Y T | ST AT T STEIG Rl ST (TRTHT) shifs)

I o g
)

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

[Gehd : O AT o TCATY] 3G 37ere 5o Warken o ‘el © 59’ ¥, qe STEisl e &
1A T 6T STAN hifere) R off erueht fafi= wmmdts el o fae o1 grT wra ardfash
et o1 faeiepel S1&ReT: JAN A& A e Fifch ¢ Fowed dfAehed &1 &l oh
WA SRR FS A % WH H
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