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3 A R 5 fewmfomt ¢ (i) vem, Tafa e
SFR A 1 =gd R 8, W oarad |, adq a6
A W F R T Tga1 &1 74 fondlt oft argfemn
3MHTT T 2, B9 Th A oW THdA Tkt 3§ W
ST g o =R AN Y Gehd &1 &AM T,
ATE AL AT BT 3ffam ufoms ® yehe e e §1 e
10 & fEu 7T qrener & M % orER Ak % |
qrerEEe § 2, @ 3Heh U 9 W T g e ©
3 € <@ ot g wm W s g @1 (i) T,
39 goata | g forgl off Wegl sl SUefofiy "t
kel ® afferd & fohan 21 =@afy, 39 gefumon
1 IS TerRT SATecd adqHl Al Hicd €, W TOTcHS
w9 U g9 78 3@ Tehd € T 3o oifem uftomm # 3fe
T oI AL FobE AR @ WA w A S
1 SHT H@ —n Av_ At TE ST 71 379, T Hog
qefes & R 9 Uk Tomh wewen # 2, A
(vx,vy,vz)aﬂmﬁaﬂaﬁ,WQFW,ﬂﬁW
ot STeht @t fa=1 yRfyess am aren +iE & 99g &
o T8 AT (vx,vy,vz) WW{@’HIWW&Q’W
T g A A o foaRer Tl TE w ourwm gt
TR B BH 2 T A W h| 3R 59 TR ST

g H SUOi ®) U S ufshor guifaa et
Bl

13.4.2 T 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) T8 o 994 & 310pefi 1 et Te& )
& isass | fordl Ui 9 % erugeti w1 s

MG Tfast e ¢ s fhel et T\ w1

TR St qufd: Tt i & 2,

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

PV=(2/3)E (13.17)

e BH 19 1 AR AT o foly daR )

FHHTT (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)
stiiq, ferel oTo] 1 it Tfst &ofl, 79 o T a1
o STIRUU Il © : I8 SRY T w1 YA, I
T AFd W R T HE T T Hifas freed 2,
S ot g o A, ST A Uk T, 99, g
(S8 FoAMTRRT =R el Sl @) , 1 fopet anfiaes
T e
h3dl &1 sl H fedien 57 < g & o Sga
21 oA 9 2E d T (13.18) F€ TR KA ©
o aTeel 19 &1 STl Sl shael SHeh 19 W R
FHIA ¢, @ A G W AL A9 1 3H e 9
e € T engef |l @ sropfa fagra emeel T
eI R 39 R i fafu= g framt o gofa:
I B

aAfsrar 3Teet T o fasior o forg opet < fason
Wk T b STl 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 SMafeh S U, TEH o= W@ Hifedl & wron ot et aftaferd 8 gehdt © (Sfed S 13.5),

oherel T 9T €1 ek Sl 2
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oAl 52 e

T % XU T SoHH W, @, AT, ST S € el o FEd e W f, 39eh Te S1ueti o o qeH
&l BId| HeEl oh R SAULS Y Wil SR Wi w1 feen uRefda et @l 1 aenfy, s § =t
1 ferror Tl o frEd @ 2l

agd 9 el o ™ o SRR &1 A2 w3 999 =l o 3 faa 9gd Heequl T ST §
ST & T STE01 o w9 H, o1 ferdlt T § wnl w1 o1y W faeR Y| wekeh At Y 31 Rl qiehet
¥ gftaferd & 8 - e TE 21 g9 ARl % Gqel ¥ i gehd T : 20 I 7 i g F 5=,
20 ¥ 60 I TH HI MY & TFh, 60 99 W ek g ok g5 AR eH sifsw fagga SRt =ifey
Al B9 o11g o 3R SIS A Gl THE o Thd B : 0-1, 1-2,.... 99-100 T A1g o THE| el G HI
A HH H € Al U AG-AqTeA § M o1t @i bt Te ft %7 e S 21 Sqeoned, e o
ST | ARN 1 TN Th 98 IqUed § A i G i TR 3Tt M| 3T STaUel x TH x + dx
H @R T TS dN( ST dx 3 STTHAIA SN i, dN(9 = n, dx, F& n_H STER T
X T x+dx F 49 & S § A Hen F e v § e S

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

T yER, offvaer WIfaal o Fed W R &R @ =l v W6 v + do o SE SURT & §en
dN(v)=4pNa3’e‘b”2v2dv=nudvI'EI"E»' ol sie FHaaldl %InV aﬁtué?aﬁawwﬁaﬁw‘m
T R1 S STUpS w1 GeA Rl =t v Ue p+dy o o9 € U | 9l gEl o &ethel o ae) et
Tl 02 S Rl T 1 s, TERE <u?> =(1/N) | v? dN(v) = V(8k, T/m) §RI Ui fefam s
? o eifersh Werfiyeh URONSt % SMHR TR S qRomEl o fiveran 2

wreereen | fafie= el o efuped w1 efwd Tids
Sl FHM B S| S

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

&t ST 1 SR <@l 1 e 2

THiH (13.19) W &0 Rl T A eruEd w1
WrETUeh =16l 1 STHH @ ehd €| TIgISH o Tk
3] &I T= 300 K, 4 R H1e a1 =1a ohf ¢

M,, 28
N, 6.02x10%

&

Tl, m=

=4.65x107" kg

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

v? 1 A THHI o WEA A (rms) A
FEA ¢ IR W o__ 5N ke F: T

(p2 H B < ?> fom g9ad 7)

UV, = 5léms!

TH Il i i o9 § waft & o o gueE 2|
iRt (13.19) 9 €9 39 frehd W wEed € T
THM 19 W ek ST i rms el A el )

2019-20



344

sfiferant

> serEror13.5 Tl woTer § S T Feld
T 90 ® fSeh §oomE 2:1 % o | g
s 1 A 27°C B <A T o () Ui o1 Y
A Tt it shT ST (i) S i o SYope
&1 o HIeH He Arell v, T S 1 IS
3IFTA ST TRATY] FFHM = 39.9 u, FARA T 377
FHME = 70.9u

ge7 I8l 9% WA Arg Hedqul o1 9 € f fwd

(3meet) T T (9 e1v)) Siga T St (AR 97

3T 1 TE Teh WA 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

1 Tepfd W AR &1 Il

() fer womres § eI iR Fel ST T drq FHH
g, o T T # (vfq ery) shwd Tfaw
Foliaf T S 1: 1 21

() 89 - muv_2 = Wfa 1) sfga wfast St =

rms

(3/2)) k,T T8 m 79 o T 1] H T 2|

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

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

Tei M T T AU-FAEE © (S T WA €
IHHT AN B1) A qel HT HHA oH R

(Vs ) o,

(Vs )
39 36 a4 W &AW e g fof Swiea afewal o
T oF oMl o STMHR W Hoe &1 g T iTehar
&l B1 9 a9 1 7 ruREfdd war € df St SR
FARN o FAAE foRdllt 3T oTU@ H B, a9 ot
(i) TS (i) o I &I B <

> seEvor13.6. Em % @ wEertE &
T 235 u T 238 u ©1 AR TTEH
TRIHARTES T4 H 3 I gHeentes foemE e,
a1 ferment siiea = sifues Bhi? afg wee
%1 TA] TFAE 19 u T, @ fmedt off a9\,
TTRT el § Yfavd STaX STehfeld hifeig)|

= 1.33

2019-20

ger : Tondlt Frod @9 R efea St = Yo m<u?> @
TEdl 1 o7 319 1 FAHH TSa1 hH e, Sat €
sfien e STRT T ST =Tel SRl 79, SHE! o
ST o el % kAU ¢l Tk Tl gerHH
349u TH 352 THEAN €, TEAY

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

349 / 352

. ‘ AV
aﬁ&wwuﬁwa?:o.ﬁ%

2350 g WHEh ¢ Toreeh! staedend MHsha
forgied § 2t ®1 TER! Stfue AEN W 9T M AT
guEenfTeh 238U ¥ YUF wH o fow fagor & s
Ty faferet g = @R 9 R 3§ Wy fafiet
Tl FER *1 Afeh GhU BT =1 difh oT0] &l
Tl ! arl ¥ FEg L Y Tk T HL ST Heb | €H
Ul &I qa H dea ¥ d@d ara S
sifer Henm § g 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 fog 39 %E aR SR
vedl 2l <

g 19 foufa et €, @ STen foeor &
T 37k ST o FSAUM o A o FhHAd
d T (FfET W 13.12)1 1 SWER IW
o YR W 9 39 T2 I AR H1 STTHA oM
b &2

"

a7 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) SaR 9 ewuar €, 9 T 5
Ty FE S = 9 fauda fgen o e e
g1 9 HE 13 JeAgd Tk T 9N Soot W
THAA ©, @ o TE & g §) iy, S« g
AT AR A T sfoet W THAA 2, A F8 T
o 9 a9 led 21 39 feafa o Wi ) =
Uehd HH eIl B A1 SifueR? (IAE 6
YA GUgi W HaEfed Ut AR AT
TR | (b) fores ot fafere § fae =i e
1 IR Hehel Y S fhEt T 1 gifea feman
S 2, A 39 T 1 A9 95 S 2 S () §
g ST fHgid o ST¥R W $9 Y&l &l
A Hitaal (c) e o fafedst o ddifea
9 W e i STe eehetehd therd! @ dl &R
BT €2 q9 9 1 YU hE12 (d) Teld G
Hfe geTeRt Tk A Sfeed 1 ST S 2| Sl
1 S9! TRl YRR 1 hiE HerHdl fHerd €2

ZT (a) A T Soct oF W R faferal o ey 7ig =t
el u B 97 forferel o |e soeT V Ee | T S ST
3T @1 81 1 9o oF Tl g i 9l V+ u 8T, S 9ot
HT AR T BRI IR ool W THAHL 9 TG AIE
dledt 2 d1 ded a5 9Widal IR A
V+uW@agaﬁa?r{%‘nﬁ|aﬁ:férﬁraémﬁa,?ﬁzaﬁ
TR F =, V+ (V+ ) =2V + u, fafwe I = S
TS TR 3T: 39 YR a9 soel § Geg o 999 1%
! =1l 9 Wl 81 A ool 9 & € o wfiver =
u¥ HH BRI ] o fIQ sHept o19f A § gfg BRI
(a) & ST o MR |, 79 M, (b) (0), (d) &
IW R Hehd B
(Tohd: 30 Tadl W &H <, fes > sean, fafaet
> fafere, 1y > 7)1 <

13.5 Sl o FHIGWTSH 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 eied St
H UM < g, > 5N TR ffan S €, o:

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

Fiifer T8l e o faen &l 2, 37d: THehL (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)

fepeea o 7ifa oF fore weas fordt o1o) =t feerfa
T9MH o forq ed i el =t sfrevaehar et 2|
g gt TIfq fhelt T Toaa o arem i & WY, @
T et Y, 3R afs 38 forddt oRet Y@ & sfew
Tfa o fow are & fan S, @ shad T fRens
T STETIHRAT TR 36 Th SR &7 9 +ff = foan
S Hehdl 1 B9 hed € T Wl W@ Tfa & fag
T g g™ # fd o fau @ wife @ 21
et dqui fyve w1 & foag 9 W o5 a& 71fa &t
WA Tfa hed €1 31d:, fRepeem ® wfq o fog
Tl 0] T A W RIS Bt &1 T T
TSIl T Ueh TaTa>a shife Bl &, Foraw wfa o foret
mmaﬁqﬁnﬁam%,mﬁwﬁ—mfaﬁ?
H % W T o, T v, ¥ T (13.24) F W
TEd @ foF e 9 § 39 YR o YdS U8
Ed 7 - kT 2

T SE THRAEE 19 % et § chedd
TG W63 hife gt €1 afhT 0, a1 N, St
fauRemuyss i < fow @ % Wed €2 0,7 ]
T 3 T @ e 9 e 8 €, W, T
TR 718 319 370 SeIHH oh% o R O T o
T TWehd & Fos1 13.6 o, atferdisi o g1 TR
e arefl Y@ & e & @as oA 18 1 T 2
Tty Tu & foeer afta: erg) gof wifd ) gehar 2+
37d: T Ut § YA Y I St =g HifE Bl 7
TH TR el Sl H LI FHoll £, TS O Sl g,
Tl T AMEE B 1

1 o, 1 5 1 451 1
g +e =—mv? +—mv?+=mv? + =Lt +—1I
t T 2 x 2 y 2 z 2 1 2 26()22 (1325)

+ AT i A areft T o qia: o s Sge STl 9gd %W Bl © SR Fien AGehg wrRol § gt A1t

Bl Il SR 13.6 H1 SAfam s fEu)

2019-20



346

Q)

fer7 13.6  fERATH o719 & 31 TdT qUT 37871

Tel 0, TH o, FHAA: & 1 T2 5 qRa: Ho =
qA I T I, S T STea-eeet €1 A i,
yIeh FOT TG ehife el § Teh U8 1 AR il
2 forod =poff 7fq o ferght =R 1 ot afmfera g 2

TR T T8 AW foen €, R 0, o T ‘g
Tt 2, steifd, 78 @1 sho T w0, o faw 7w
RO, @l (HHE 9 W) TE qE T ¥, W e
A 7 Bl CO S8 FD 0], GHM a9 W ft FD
U H €, N ST T, SHATIHI[ 3Tel
R THHE T wW ¢ (S 99 @ S
@Wﬂ?ﬁﬁ)ﬁ?qﬁuﬂqﬁzgﬂ?ﬁﬁﬁ@qﬁ,ev
U S w1 off g €, T,

1 (dyY 1.,

gv:Em(d_Ltl) +5ky
STEl ke AlcTsh 1 ot Tdish W y T9ehT oA s
HIEES

E=€£ +& +¢, (13.26)

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

g ot IfET fF ToE A T gol |
Fife T A ©% & “affid T F AEE R ®, W
I (13.26) § T U 9= WG Fife o FHe
] ¥ Tfast wd frufas el = & o g afia
T

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

g0 fag fen U fr wiafea wiferea =itet
gaifuss uftspd fagid o TJ9R el o favee &
T & H UEM & B € W Sl SEadd @, ol @
A HYA el BN AU A | H, el FEE €9 G
goft Hod St ®U W sfed B © R Yo w9 H
ST St Ve I, T W ST 81 T Sostt ol EATeeTTe
from ?1 asqER, fREt e1v) w1 T e it
T i § Fedeh Yo I, T St 1 AMTEH Xl €
Steifeh Yeieh U MM 2 X Yo ke, T = kT ol ol
AMEF B, Hifh, U9 ®Y H s R fefas
A TR HT Fellel w1 AEE B 2

Sell oF FHfaISH 9 *T Iudfd 39 gwas @i
faua owg @ 91X 1 el W Hgifae €9 9 T F
fafere om wnfiar @@ &+ o faw 3@ fag @&
ST H1| 9% H 31 bt fafyre e enfiar o fau
oft 39k YA 1 Gl faawor 37

13.6 fafyre e enfiar

13.6.1 THUTHIUT T o faq

THTAT 19 o 219] H shelel dIF TMIa e
Hife it 1 Fd: T9oh Teh U] I T a¥ W 3AEa

%5t (3/2)k, T BRTT| 39 Yo 1 719 o | Hiet i
SRR Sl

3 3
U = lsTxN, = RT (13.27)

ot ST R HieR fafere e i ¢ %1 9 R,
U 3

C, (THhIEME 79 & o) = ar = RT
(13.28)

st 9 & foru

C -C,=R (13.29)

aﬁ,épﬁmmmnﬁwﬁmmmﬁm%
5

s@:, C,=2R (13.30)
2
A < fafere o enfiaredt w61 A
C 5
=2 13.31
Y= T3 (1330
13.6.2 fgurumures faf & fere

S e T fohar S weht @ T fguAnrss ety a6
ST STAHR A 2 SR A 39 TpT 1 g5 il
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M, df 3UH 5 WA HIfE 7 : 3 WHIART TF 2
oit| ot THfgAS % fFEUHER @ YRR H i
o T WA &, TAT W Fa A S,

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

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

y (35 fgwam) = 7 (13.34)

5

afe fgmamgs o) g7 W ¥, 9 T uw
ifaRed & &9 off gfmfed &, @

5 7
U =(§kBT+kBT jNA = JRT

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

13.6.3 IEULHTITE Tl & fag
s €9 H R SgmeE o] § 3 T, 3
Ul @A Sife Td o Miv=a e (f) & &
9 B & ol FHfaweH o FRETER 98 grEd §
TH S Geohdl € foh T YR #I T F | A A
FA SRR FHell
U= (3 k,T+ 3 k,T+fk,T) N,
2 2
@q C,=(B3+f)R C,=@A+f)R,

y- 4t (13.36)

(3+ 1)

oI A, ¢, - ¢, =R T+t ateel Wi % fog
T 2, TR o1’ o8 T Thwas @, fEeeEs e
31l IEIEE f F A 2

Groft (13.1) W, Tl o, sod &l w1 SU
gU, STh! faferse o et o fawar & Sgifaen
A i geteg e @ #1 A 7GRt (13.2)
F fou o g e % fog fafire s i@t %
TR A § HTH O @ 21 U8 9§, TR udt
% T € (S wreoft # e <erfé 7€), S el , ¢ H
Al | Wgd S TE T ¥ WIHRO: 3 T

WO 13.1 T 1 fafvrme o enftanet o geigHit
M (9 &9 H1 UM H gU)

h ﬁ c' CP CP7 CV
uqu%{ @mol' K | mol K | (J mol K
ThITHATIH 12.5 20.8 8.31 1.67

20.8 29.1 8.31 1.40

24.93 33.24 8.31 1.33

WRO 13.2 9 TG w1 fafire s aiiaet o

Hyd |
‘Fz»"ﬁf @mol' K) |(Jmol'K) | (J mol K?)
THWHIS  He 12.5 20.8 8.30 1.6
THIHER  Ne 12.7 20.8

6
N o b 8.12 1.64

ThUdH[h  Ar 12.5 20.8 8.30 1.67

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

femmmeE N, 20.8 29.1 8.32 1.40
o wo 27.0 35.4 8.35 1.31
TERAIE  CH, 271 354 8.36 131

fafere <o enfiarsti & @@ 9roft (13.1) ® fw g
Tgifer @i § eferss arg Tu B gHenT o1 Ig gen T
Ifg &0 UReer o U TG oF AR i ot
wftnfea =L, d wEifTes ue gifaes @ o st
it gfteTrer BRMtl oTd:, e ad TR el SnfaersH
=1 T, wrEifes &9 9 /=t We T Bl @

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

ge7 : T F99 PV = URT &1 SUAM &ieh M9 98
a9 <3 Fehd ¢ fop ot oft amrest 1w ok 1 Hie
1, "M A9 (273 K) W& <€ (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 Wit €1 it Eiferam TehaE] T
2, TOH Trd emgad W fafre o enfa
C,=(3/2) R, a1 Traa <& W fafrse o wnfiar
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3@, @ favara =
1 RATIET Rl 3ER-SER Aed EU @ ST Gehell B, STeh-2ieh dl &Y, TR 1A UHT € Gehell &1 79 Al
o WU i STl o AU GRI Hehel S §Y <@ Hehd €| TRTERUN hi ST~ 105 m 211827 |, Thieie
& IS, Ve oS 3 Sl § eifad el o WRThHU 1 YeAe | THe &id 99T I8 = fh
éé@—ﬂéqﬁmwmnﬁm@?

U forgia 58 IRERHT 1 Uk Ol ARl T&d hial &1 il ¥ Fieifea ferelt fuve @ sl o a1
Teft fegnadi § Hug td wd &1 Fifw o #1 id Agtess 2, fHd w o 9 "6y w6 ol s
1 G T Sl € T Tl feen @ SRt Welg i arel WHNEH i WEA el 21 W
3T i %] o AT 39 Mivas Wi i G& | I Fal Togl & & &I ol § SUvig gx
% HRU TH UL St T w1 g9 frE TE g

I fyve et Brer 81, W R ot genesll 9 fas 78 wend @1, i fafv= faensti | g ot snfvers
ozl 1 HeA § I qUiE U T2 eral ST HieEm (S A S W) o US| oh Had Gegl
51 feifad five W Tegl o %R TG Homll Tal o SAEOT 1 arT 34 T8l sianl fodl 7 fret fxem
¥ et Gam iR o el gt W S €1 gHieny, 7 fuve 33-He &7 4 W il © @R i @
Y heAETS @A &1 SASThel SISt i sheet oTeft SUef i =8 T nfvae frargiierr =1 Th g2
1EI'EITUT%I Td SHTHT SOW@WWW (scanningtunneling]wmmﬁmﬁ SN, STU\T,S"I)[
H 3@ W @ 2

1987 H, ST § w1 g o S=fTeh 31ETS St A 7 oheret TU[sH w1 3@ § Toherdl U, X
I8 3! foga UREARes sTAafRanstl i ot <@ "ep| U 9 31fd 7Y HAf, TH BRHHE hi hife
Y ot =1 1afy gl SO YHTY FT QU § TR FeRTd Y, 3R I Wi ikl GHE L | (W
Yohg = 10715 ) 379 A1 37T TQEAFTHR el oh TgA 3R o 1 2798 F Gohd &1 TH 1 aqa

T ‘e’ Hed B

C,=(5/2) R 3 Hfd o7 %1 em@d foa €,
TR S [ HT o fIT ¢ 1 ST HEN1 374
MEYIH ST = Hicdl ] &A1 x Hior fafyre o
1T x qraefg
=2x1.5Rx 15.0=45R
=45%x8.31=374J <

13.6.4 3l ol fafyrse oAt anfiar

2l w1 fafere SeATenRar 9 e o fau ot g1 e
TafgS # fEE A w gwd € R S
fava o fomm sifSw, it N TREgE w1 S 21 Yol
WA Ao AT fefd o ER-SER A R W 2
fret whfordia s #1 sfEd S 2 x% kT
= I, T %1 Taferdia st o fa sima <t 3 &, T 2
39 F | WAt o fAUN= N, 3R TR FA AR
EX|

U= 3 k,T xN, =3RT

31d, f9/d @ WAQ = AU + PAV = AU, Hifw
forell 2| o faw AV Steriia 21 or:
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AQ AU
AT AT (13.37)

WRU 13.3 X o d9 TF agHead 36 W FS
2l i faftre oA At o 7F

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

900.0 24.4
EaCE] 506.5 6.1
GGl 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 =am9er ®9 |, WM
TR YT Wi A AR W W Wl @ 2| (ShTee
T AR B

13.6.5 A &t Tafyree soar enfian

BH S 1 3l 1 e & o B Tedsh W] ok g
ST Sl 3k, T B1 5T o 3] H 3 TN, T TegIoH



arupTta fagia
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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 wrifis Sl Sgifae
A § TR FHE B e, ur, Tel A § s
=1 faferse Soa enfiar &1 @M 1 21 it 1 heid =
4.179J 3R el 1 1 |l 18 UM €| 31d: Sel 1 Hid
et ferf¥ree oAt ¢ ~ 75 J mol ' K ~ 9R @1 ey,
SRR T TR SR s ifeet s ¥ o T
e W ARG qeh 3N A Ieren <d 2|

d o, g4 Sl wHfaaSH o =R gfaftsa fam =
smuia faftre o aif@el o q@aH & &
TEAYUl 9§ i AW H @A difeul Heh TER
R fafemse o enfiand @ w feR T #t| ™y
S-S B e i 1 SR S S ®, 36 Wi
o oy foeer giter=R g9 o 21 59 T>01 gt
w1t i faferse o onftand 3= i SR SRR gt
St §1 TR HaW 3@ aed ¥ © fb e ™ W
T e SIS SEfes sTyreh 8 Sl &
ferufafted wifast =1 3fte 9, yore feafq § @
whifed eaftafda & =ifed| =t g w fafyre o
HTTstl w1 =eeR feyfafted Wifde! &1 sTeaaedd
gl B N 98 HUER ehadl FElEH YROTS o
SMUR R B T fama S gl 2, S| R mduem
ST A <A o1l Faieq At § w@d=a sife o
JEt B9 9 vedt & e | fRE sEw et e
AEYTH €| € W o1 h1 o SR € Al T €
TR § A Ui wasd Hife gAE 2 2

13.7 WIeT Wa UL

T o erupeH i Tl TRt efern, 9 | wafd o An
1 i o aUeR Bl 21 @ of, e ¥ fafere 9
o g% 19 I FH % W FH a% foaRd gF o
HTHT e THA ol B1 agHSd | ¢ ol kel Hel
ek o1 Tedl B1 UET SEfIT gl €, i, 19 o 31
T fifird, W 3TId SIS MY o B 21 gEife 3
TER THG T o fou @ied g gRomeeEEy, |
A TY W, WA W@ H FoTd Tl W Teohd, ST T
R aiafda & 2

fer7 13.7 At 79 7 fordlt 77 GRT g4fia e forad
FIE THT 37T T THAG

oM S, foredt 79 o @19 d oA o T €
T8l 89 37U A feorel T wifqe 810 W Shfsd
et e =t <> 81 7 R off T8 T ey 9
Tog T S T A STUST o hal o o9 H g0 d
o 3T T ST ALTHT | T A9 (nd2 <v> Af) T
e & TG 3T aren iE o1 3Ed Thawm (W
fo= 13.7) 1 Al ufd whish A o 1upsti &t den
nﬁ?ﬁaﬁgﬂ'ﬂAtWﬁnnd2<v>AtWWﬂl
TH YR Gl H W nad? <v> B A6 < s
Gogl o ot sfiea Sfae,

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

S e ST A A e T
1A o 99 (1) HEd ©, B

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

T eI § g I hod &1 7 fh gE gt
a70] ferrmrereen o 81 wq oreqd § |l o1 fade @
3R Hog < A o irma e an gr fwita
1 S B o7 B TR (13.38) H <u> Wl <>
Y yfqeenfad T gAML o7d: STfieh Fened SFedata g

1=1/(v2 nzd?) (13.40)
Mg, 31 & a1 o SR o T, 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=2x%10""med |,
T=6.1x101°g
T, 1=2.9 x 107 m = 1500d (13.41)
St erden off, TEiehtoT (13.40) g T e wen
Hord 9 Rl HF 3T0] ki STHY T H&AT S W
getrea: ek e 21 fordlt srcafues feifaa =i o
o nfwan ot w0 F& T 8, Wem ged qY w1 AH
TJell T A o SR B Tkl T

p 3EYUT 13.9 373 KW, 5@ o H, S &
370] ok W& ot 92l oh1 SAThcld hifoTl| SIRI
13.1 TR THIH01 (13.41) § <t T Gt 1
SYFRT RIS

g67T 5ol ard ok feTT d %1 WM, $8eh! a1 o foae M
R Tl 81 G el WA 9 o SGehAr €|

Tafeu n=2.7x10%° xgzz x10®m™®

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

e S, mer g v, g ufeRe g 9
STATIHAE U ~ 40 A=4x10m & ga1 | 100
T R e G 9 H1 I8 I AH & 6 o Wefuh
SRR 1 et 21 for ferelt oen o1 o T4l ol
Tifia =&t feren S weman 21

STUFT TAgIa o1 SURINT ik, T, SoH1-aTetehd,
Td el S e BY Ul Rl enfUdes ST S
e grerel 9 et fenan S wehdl 81 36 0E &
Taui ¥ € Feged T[St Fi SAHY 1 Ahe fha
T e

QRIIT

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

PV=uRT =k, NT

78T p T W TG P WA SR N SIS F @M g1 R Tk, $ET: WALk W s

Aoz i g
R

R=8314Jmol" K, k, =7y =138x10%JK"
A
aredfas 1, steyl 1 TEieRor 1 SifuRIfe e Shae 39 a9 qe e g W d S

2. ey T o AUFT TS o STER

P=lnmv_2
3

T&T n STV HT FEA T, m AV HT FAUE TS 2 TR! WA R A T THHRI & A
THIHIOT o W AT ¥ 99 FT UH AU A W B ©,

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

THY €5 98 T el @ o forelt T o ara Sues feet e10] w1 eiied Tifas St 61 HY © @R
T 19 a1 9] F1 Yopfa W FAef 7 ean e Frad W TG & fage ¥ 9l e 61 ei|a

e TUTFd HH Bl T
3. T it et

E=§kNT

2 B

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

3
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Foll gafaarsH %1 oM Sar € 5% afE uh FeE wea T W g ¥ ® 9@ gl S q9H
Y ¥ fafe= o &9 § de FT Swifoa s 8 o7 B 9 & W S q@ oA ~ ke, T Bl
21 Y T Te Fofl Terasa whife o Gd STl 1 Tk Sl & el € 3K 368 9!
Foll - ke, T B €1 Fedsh A ST o 1 Ssil o & &9 (s we feerfast) Jed € e
TR | ol = 2 X~ ke, T=k, T

ol GEAASH 61 o @ ek g6 TG 1 Hier fafere s e 916 Y gehd € IR 39
TR e fafiree e enfianedt o 7 e Wi o EnT gr wre fafire s enfaned o A
Y foerd €1 3 7 & oo &l 1 oft aReher § gitmferd s d g8 g ik o g S|
HIeA Yo U [ S0 ok |l i HeE! oh e SHeh g wferd Ed g @

1
V2 nzd?
STET n GEA I T d 319 1 A R

1=

faemuig faua

fordt TS 1 <19 SRl Yk i ORI W &1 ARad &1 8T, dfceh 98 T § 81 S8 famme
@Al B FdT § W@ T o STdA § IS d e H gldl @ i 39 ud o gl S 99
HERGIS

T o SRR T e o e g TE-Fg1 R HIE HROT Gl A AMET THE 9
3R /@ W IE I IR Sl H SATIATE X S AT G TH o SR ¢ 9gd i 3TN hw
? @ 9% e g 9y © o fRE T 0 SfaRes < %1 100 T SR STU] Y STHIG h
1000 AT BT &1

Sl HTAISH o 2 i 89 39 YhR e Tehd B— 19 T | Yelsh s Hife o Y
Yok T S IS1 Bt &1 30 H1 Fel Foll & Aok § Foorh GOl % TF w@aA Hife fr
ST =TI 374, T Shaa-Tore | & @iasd e (7 6 ) g § (s e feafas w6
& Hd) WWle/szT=kBT%ﬁf%l

forelt I o 91 & T 0] A 7 IR S0 (TE o HROT) qA B W AR TR IeR A
Fiifeh o agd o W TfHA Bid © 3 PR Hog i W 8| A § i Sangdl W s
offg] fereh Bl € (SIE JgHUSd W) | SHeRT Y9G 1 B, FEih T Sugdl o forg fefas
ol (mgh) &1 O 0] &1 G Tfas St 1/2 mu? T gorl B HT w9 2
<> HIE (< v>)2 % U &l granl Terdt Uikt o ot 1 weg sewaes @l ¢ TR S9 Ui o
e o ot o SR B A1 Y T HeF k1 Y o foly ST o Tohd 7?2

13.1

13.2

AT

SffeReIST ok STU3T ok A 3T STP W Tk §RI SR U Shel 3TIAH ol STUTd T shifery
3iferdIS o W 1Y) &1 =19 3 A wifSu)

HeR 37Fa9, STP W Tt T (e7eel) & 1 Hial 8/ 9 TR 37a @1 (STP : 1 atm 279,
0 °C)| TYEd foF I8 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 & 1.00x10 kg §99M o felt PV/T Wd PH, 3 STeT-3Tel ardi T
R 9 T )

v

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

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

(c) y-3181 R STl o ferd & <&l PV/T &1 WE &1 €2

(d) A &1 TH & W 1.00x10° kg TEGSH o faq o=1d @ off @1 39 fag W <&l o
y-3181 ¥ fierd € pv/T o1 AF 9@l B2 9k TE i grEgie o fehad geawe o forg pv/
T &1 A (FH I 3R =7 A9 & &7 & fau 9t gm? H, FT 19 $o99H = 2.02 u, O,
1 3] S9°H = 32.0 u, R=8.31 J mol~' K1)

T oo Tafeist e 31ade 30 ot B, & sffefis &1 SR <1« 15 atm o ard
27 °C 21 398 ¥ %3 T4 ket oiF & o5 FAd (i9) @ iR T 11 atm T @9 R &
17 °C 81 Sl B| 1 ShifsQ o fafere @ e 1 foraet /e feprell T 81 (R=8.31
J mol™ K, SIS 1 Y FTHM O, = 32 u)l

I 1 Th eeell, TTEeHT SEH 1.0 cm® €, 40 m Tedl 3l &1 deft 9§ Sef a9 12 °C ¥,
3T FW TS W A T W&l M9 35 °C T1 3T TqHT A F1 B2

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

e qa] 1 Sigd ardE STl 1 TRl RIS () I o M9 (27 °C) R (i) 94 &
I3 a9 (6000 K) W (iii) 100 TG ehfead a9 (AR o hie &1 WEMUsh drd) W

GO 1R o i Al o Tk €A 3R < W 9l €| Tee wde o 1 (TR e
g R, W it (fgreamr) g # oiik de & ifem ereiee (SgmE) T
T T A S H 6 o W STuped kY W wHE 82 S oy  STope i,
(et m1em 4o =Tet) FHA R

fohe a0 W e T fafeet 7 sttt 1 o, , - 20 °C R feEm W st #o, F
T BT (Ar T TRAY] S9H = 39.9 u, T @™ &1 TWHY] $o78M = 4.0 u)|
AE2ISH 19 ok T fafeiet |, 2.0 atm @ TS 17 °C 919 W, AE2sH T0[A o A1ed ot 99
Td HHg 3ghd 1 ke hifTu| ATgeie 10 i B @ 1.0 A &fifsme) Sz -1t &t
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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  TvTH

| HieX et Herdt (3R s fl W ) eft difast W&t 7 #1 39 76 em e 00 RS G,
g o 15 cm W9 1 Tl § Tsherd Tadl €1 1 BN A% Getl fo = &1 31k W@ ge eft
1 Feater FT e sy

ol SURROT T FTESI 19 28.7 cm® s k1 R ¥ @i &1 W@ 71 S fearfoat o K gud
T 7.2 cm® s R fGaRa gt 21 39 @ 19 i wg=t)

[HeRd : TMeH o foeror FRM R /R, = (M, /M, ) /2T TR SIS, 6T R, R, AW T i
TR0 X T 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 H THEEE € | I8 Yol 9ol had
aft & & B off 9 99 7 e | S o fAau, e 9 yifad et T wiy w1 e
(3TR ) THGHAM TEl B € | SE1 foR Y ST HIN SR T S ok e Tl B |

qﬁﬂ@ﬁﬁ{m‘ararawé?ﬁm’ n,=n, exp {_%(hz_hﬂ} @ﬁaﬁr‘%,aﬁnz,nlm:
A b R T HEAHE HA Bl YR A B | 39 Hay 1 S9A 59 W | fefaq

foRslt o1 o STaEIE T o fIT | 1, = n exp {—msRZ;’A(P—P') (hz—hl)} I A

F & U FIT, &t p fetfaa w01 &1 F9a qe o =’ WE o /AT H T € | N,
SETE] ST, 91 R W 19 fadies © | [Hohd : feffaa o1 o Sl IR &1 ST o
ferq enferfaets o fagia 1 ST HIfST 1]

= Fo 3G 9 goli o S R T | SR AR T STETG Rl ST (TRTHT) shifs)

e
)

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 CATY] 3G S7ere 5o Warken ¥ ‘el © 59’ ¥, qe STEsl e &
1A T 6T STA hifere) R off erueht fafr= wmmdt el o fae o1 gr1 wra ardfash
et 1 faeiepel S1eReT: JA A& AT (e Fifeh ¢ Fowed dfAehed &1 &l oh
TRAEE SRR FS A % WH H
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