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e W €, A SHeh Ueh W W TS <@ g @
S & T e gE 9 W g @1 () Tad,
9 FAtd H g4 fohgl off Wergl ol SU&Toid At
el § afmferd &t fhan €1 w=fy, 59 gdumon
1 IS TFhT ST ol @ Higd €, T oS
w9 U T4 I8 <@ Tehd @ foh 3a@ sifam ufoms o fe
T AT At Hohe | IR | O G A S
1 SHT H@ - n Av At TE S 21 379, 9 Hog
Tefess ® @R T ww wEl yeen ¥ 2, 4k
(vx,vy,vz)WWﬂﬁ,WﬁwﬂT,‘TﬁfW
ot STeft @t fa=1 URfses a7 aren 8 S0 992 &
qE T8 AT (vx,vy,vz) e HT M iR Al T
T B d o S faaer Tl T @ umem wedt
THTON W BH 2 1 HE W F SR 3 TR S0

qo o Sueig ®) ¥ SWied qieher guifad et
Bl

13.4.2 9 T 37U Tfaeh ATEAT

GHieRTOT (13.14) 1 39 YRR ot foran s g 7,
PV = (1/3) nVm p* (13.15a)
PV = (2/3)INx-m p? ] (13.15b)

Tel N (= nV) 719 o 794 & 10sii %1 el 4e&n 2B
& s o fordl ik W ok st i siEa

TG Tfast e ¢ it e smeet W

aAidaftr Sl ot Tfas e & €,

E=N (1/2) m p? (13.16)
T (13.15b) ¥ @9 89 T e T,
PV=(2/3)E (13.17)

39 T9 19 1 AU A % T AR )
TR0 (13.17) 1 TRY 9 TR (13.3) @
gAfTd & W

E=(3/2) k, NT (13.18)
AE/N=- mp> = (3/2) k,T (13.19)
teriq, fenell @70] =1 Sfd Tifest S, 19 o WA 1Y
o STHAMA It © @ I8 A< 19 1 g, <&
71 3 W T | T wh diferen e 2
St ferelt T o A, ST T T T, B, W
(T8 SoARTIaeRT =R el ST ®) €, i fendt anfuees
aftr, ford a1 &1 siea Tfast oS wed € @ Heag
Al B dieesa frdiss 31 31 9u9rE el i Sed
21 &9 W <@ @l g (13.18) T8 T T §
foh ameel 19 ) 1Al STl chaet STk A R fAsik
A T, T A A W TET| A9 i 56 A W
e ® fr encet el @ emifa fagia et o
THIRTT 3R 38 W 3eia fafe= g frami & gofa:
T 2

A aTee T o frgon o fo et g foason sy
T T o < kT ANSH el §1 THIRLOT (13.14)
U w9 H W YHR forg g €,

P=(1/3) [n1m1E +n,m, E+ |

(13.20)

+ Hopd E ARk S U, TEH o w@rds Hifeal & wror i el wftnfed 8 gendt € ([ S 13.5),

el TAITOE 9 & e Ll B
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oAl 52 et

T ok XU T S| H, <[, 919, ST Si9 Tl qreel o (R g W o, sHeh T STujst o o gHH
&l | HeEl oh hRT SYUpSH i =it SR T w1 e uRafda eidt @t 21 aenfu, wrareeen § =t
o1 feraor Tl o frEd @ 2l

9gd 9 fiel o @ o SRR &1 Te9a" & §HT =9l oh o fqawo 9gd Feequl 1d ST &t
ST &1 ek SEel o &Y W, 3 foRE Il # @i bt 3 W fAER )| Ueieh AfeR whi 31 S Ufiehe
o gftaferd &3 81 - Aeeiis € &1 g4 | wl qel ¥ i Gehd § : 20 9 qh H1 g % 5w,
20 ¥ 60 IY T hi Y o q9hk, 60 T4 9 AfEw Y ok g AR 7H 31y faega SR =nfen
@ TH g o 3R B A ot TIE o Tk B 2 0-1, 1-2,.... 99-100 T8 g o HYg| W 37
AU HH H € Al 3@ AG-IAA § A ol A i FEeA o FHH e S ¢ Iaeond, e oy
AU H AN T T Toh a8 AqUA | ART i HEAT I AT ST AT 1Y a0 x TS x + dx
o @M St G dN(J SIS dx S STIRATTA Bl 312, dN() = n, dx, F8T n, & TR T
X T x+ dx % 99 % Saa § A H wen B e w0 F fe 2

o 0.5 1 Av 15 2.0 O/ Vims)

Hfvaes =1l 1 Hagaer 927

T R, oAifvas Wfaal o ded W fgaR ®X a1 =l v W6 v + do o S= AU & G&
dN(v)=4pNa3e’b”2v2dv=nvdvl?TE' foqae a2 Fead %InV aﬁ?uﬁaﬁawwﬁaﬁm
T RS YU w1 G SRl =l o U v+do o |9 @ W W i gzl o &5thel o SeR gl
1 o2 S foRe Tfer 1 Siwd, FEeher <v?> = (1/N) [ v? dN() = A3k, T/m) R Rnfoq foan s
2 S sifirk Wt aRonE % SER W = qRomE § frerr 2

wreereen # fafae el % e w1 offd waw L M T = 5o qo% = 4.65x10"% 14

eIl GHM €l S| Srei
-m o2 =-m, v2=3/2) k, T

Ad:, P=(n, + n, +... ) k; T

€] STeed 1 AR Tral 1 o 2
TR (13.19) ¥ 79 fRE @ A eropet

WreTUeh =Tel 1 STHH @ Fehd B | IgeiSH o Th

3] &1 T =300 K, A9 R H1& a9 =1 o ¢

(13.21)

o My, 28
v2 =3k, T/m = (516)>m?s?
p? H TS TIRI S A A (rms) 1A
FEA 7 R TWo__ R [i= & T
(u> HEH < 2> fore g ®)
v = b5l6ms!

rms

TH WTC T hife o | ed oh o oh HHH
THieRtor (13.19) 9 &9 39 fohd W wEed € T
FHM A9 T geloh AUST 1 rms =Tl S gl 2|
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> serEror13.5 forelt vk o STFA Td A
T 9t € e somH 2: 1 o U A #
o 1 99 27°C 71 <A TG %6 (i) 9fa S70] T
A TSt il ST ST (if) <A T oh STopS
1 o HEA U =l v, T ST 1 iy
3TN ST TRHTY] §FHM = 39.9 u, FARA 1 377
FSHH = 70.9u

ZeT TRl AR WA A weeyel a6 g8 § o R

(sTeel) T T (Wi 1)) SiEd s Sl (SR 97

3TN 1 TE T WA B, FAKH i W& GRS

21, storn SERE ff i 7 &) WA & (3/2) kT

o SR B 2, T o g W e e @ e T

F1 gopfd W MR & St

() i worw § oA IR S SHT 1 A quH
?, o: 3 NG KT (ufd erop) Sfd wife
Foliat w1 S 1: 1 @)

(i) A4 - muvo 2=9ﬁaﬂaﬁﬂ37ﬁﬁﬁﬁ=

rms

(3/2)) k,T T& m T4 o T 19 F A7 2|

(Vs ) _ (M)gy

<U?ms)01 (m) 5,
Tef M TG T SAU-FFHE § (ST T W] &
ST ] B1) <A gell B eEe o W

(Vs ) o

(Vs )
39 39 a4 W A o 3 foh Swiea aftehai |
101 o Ml oF SR W G5 i hig IR
&1 21 9 a9 1 A rufEtdd @ € S 3R
FARM °F FHAE fohEl o7 o9 H B, 99 o
(i) T (ii) & ST TET Bl <

_ M)y 709
(M)Ar = _39.9 =1.77

= 1.33

P> serEvor 13.6 EH o | qHEART o
SEEE 235 u Td 238 u &l AR JEm
RHAFANES T | 3 SHI Foetre foaemm =i,
Al frgent ol = sifuss Bhi? Al wed=
1 TEH] SFAEE 19 u B, @ fRet off a9 =,
! =l W favra SiaR efreRferd shifsr)

g : el faa a9 | o d et = O m<?> Fem
T@dl 1 o7 319 1 T TSa1 A i, Sadt €
sifien e STRT T ST =Tell SRl STJ9d, SHMEI o
U & T o FchHA 1 =k TET goHE
349u TF 352 THEAN B, sEfeT

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

349/U

352
. . AV
W%wmuﬁw7=o.44%

285 o8 WHEeh © TS SMaeaehdl A=
forgied ¥ ot B1 3O sifies AEN W 9T ST aTe
AT 238U ¥ gorh & o g g &1 &
Ty fafeTet g0 9 3R ¥ =R 39 ¢ Wy faferet
Tt AR w1 AfrT HRA T e e T dal
Tl ! ARl ¥ FEg L Y Th Th HT ST Heb | €A
uie 1 ga ® dgifd ¥ ded ard ]
sifer Henm § g T et el i 3§ YRR
Wy Taferex & R getch 319] Sifereh | § T SdA
(Haeiq) (fEe fax 13.5)1 a8 fafy stda goe
T ¢ IR waiw HeeH o fog 39 #E R <R
vedl 2l |

o T foaf et ¥, d s fawwo w6
T Ik HAUST o FoAHH o NHA oh FGRATIATT
Bd § (SfEm Fwg 13.12)1 F SWR W
o YR W 9 39 G2 I AR H1 STTHAA ol
Tkl 22

n

o7 13.5 T @Y 319R & ToRd gU 377
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afiferent

=

3QTEYUT 13.7 (a) 9 &hig 70] (AT YA 7]
fret (9rl) SR 9 U@ €, @ < oh
Ty I8 SHi we 9 faada fgen o s efted
21 9 T TR qeargesE TS T A Fe |
TR 2, @ off T & e @1 qenfy, s g
AT AR W gC Soed § THAA ©, a1 T8 19
o 9 a9 died ¢ 39 fefq o g %) =
UeNehd e Bl B A1 SAfu? (IAE 6
JARY HEEl © Hafud AUl A ANl
GhT) | (b) foren ot faferer § faea &1 o
1 AR wohel Y S fREl 19 1 Hiifed fHan
ST 8, @S9 79 &1 919 9¢ Sl 21 W (a) §
Y UM fagid oF STYR W 39 UeT0T i
AT i (o) fred o fafasr o gdifea
9 9 T ol ael Heheiehl therdl @ df
B 82 9 MY N V0 HEN? (d) Teld T
T TgeTeht Tk IR See! ol 3TN A B TEY
1 b1 el WehR 1 hiS &l Toerdl 872

ZoT (a) T T ooel o Ui® o faferal o et 7ig
e u 81 At fafenel o |e seen Vsl | e i 3R
3 @1 81 <l SToe] o WUeT i hi =eT V+ w 871, S oot
Y AR FE BN AR Soel ¥ THARL o6 g e
diedt 8 d1 ded o WWal IEHT ATA
V+ u o § R 1 AR B 37 fafhe o amer, e
T TR & =G, V4 (V+ 1) = 2V + v, fafhe § R
TS ST 37 39 YR TIHM doet § Thg oh U9 1%
! =l 9¢ Sl 81 I seell 9R TR § o wfver =
ud HH BRI ST o fow s9e1 319 A9 | I BT
(@) o ST o MR W, 319 314, (b) (¢), (d) &
W % Hehd &
(Fohd: 39 Tad W &AM 3, fies S 9, fafdex
> fafre, 11> )1 <

13.5 ol oh WHEAWST T &aw
fordl Weher 1] 1 Tfas ol B @

15 1 5 |
& = Emvx + Emvy + Emvz (1322)

T 99 9, 9" ' o Tt 19 ) el Sei
HHA < > gN e T s 7, e

(gt)=<émv§>+<%mv3>+<%mv§>=ngT (13.23)
Hifer el 1 o feen = €, ord: Tt (13.23)
¥ fd g & %

1, 1 1, 1
—mvy) = — kgT (= mv,) = — kgT.
<2 > 2 7 ’<2 > 2 7

lmv2> = lkT
(5 ) = 5 ks

feepeer H 7fq ok fou o=t foret s10p =61 feerfa
T9I o T e i fdemiel & efevaeRar Bl
g gEaht T fFdt T gada o arem X < |, @t
< Frierl 1, ol A 5 el Tl Y S s
Tfa o fau are & e S|, @ ohaa T fsened
T STETIHA BT $H Th S e 9 ot = foman
S "ehdl €1 BW hEd ® foh el W@ Tia & forg
Sqeh! A=A e T ©, 99ae T1d F1 @A Hife
T o feepeam @ g o foau @ wife 9 R
foreht ot fove 91 T fag @ TR fag @ T A
Al fd wed €1 e, fkeprem o wfq o forg
T 3T0] T A = Hife et &1 U A
Tercdl 1 Ueh Tarasd hite gt 2, forew i o fereht
Wwﬁmm%,wzfﬁ—mvfaﬁ?
S % W Wy, T o, T THET (13.24) F 7
Ed ¥ for a9 o 39 YR o Welsh Ug Wl
e 7 - I T 2

AR SE THTRAE TH % e § hew
TG W63 Fife gt 81 dfeT 0, a1 N, St
fammmoyss i o fawa § @ % WRd €2 0,7 ]
T 3 TFEAdE @ S @ et 8§, W, 39
SRR T8 1] ST FATH b5 ob Ia: O Tra ft
F Ghd €| o1 13.6 o, aterdior o < wATEt
Sre aTelt 3@ & daad a @as gUE A4 1 19 2
<giie T € fSeh afa: @7o] Sl Tfa Y HeRar 2+
3Fd: T Tupstt § TS Y I it s Hife Bl 7
TH TR el Sl H LI o T Ol Sl |
Tl R ANEH B R

1 2 1 2 1 2 1 2 1 2
& +¢& =—muy +—mu;, +—mv, +—Lo] +—=1.
t T 2 X 2 y 2 z 2 19 2 20

(13.24)

(13.25)

AT i A arelt Y@ o ufia: ol w1 Stee el 9gd FH i © SR Fdien FifARa wRi | et T

Bl UTdTl SR 13.6 1 Sifam 9m SfEm)
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)

ferd 13.6  fERATF 379 & {1 W@ad o7 37871

qﬁwl@wz ShHRI: 31@1@23"%:@@?1%
T, TS I, 3T WA S-S0 21 A I,
yleh FUT TaA ehife Sl H Teh U8 1 AR il
& forem goff wfa o ferelt =R =1 ol wfimferm g 2

TR T 98 W foen 7, fF 0, 1] T “Ig
Ot ], @190, 9% 319 A A&l B O, F fon @
AR, TR (T A W) e wE T E, W EeE
= 7€ Bl CO S Fs 3T9], THT A9 W F Fs
U A €, el s LAY, AU 3Tel ok
AR TwfodE & wd € (S oW & S
T i) SR TROTHd: e Sl W T U g
A St 1 off g €, e,

1 _(d 1,
e‘v:Em(dgj +2ky
Sl e et o1 oot Fadie T y e shae e
HEECH

E=¢ +¢& +¢g, (13.26)

T A fSe, e (13.26) § fRw T
HUA-Zell U3 H, I o SO =X y TS dy/de o i
wfwferd 2

Ig ot IfFT fF T THET T gol @6
Hife 5 a wh & “afid 9g” w1 AEE R 7, W
HHERTOT (13.26) § U 7T o &= hife o |ue
g § nfas wd frufost e = & 9 <1 afi@
T 2l

TS o S H ToE gl U8 10 g e
eI i 1 Tk @7 il 21 89 3@ g ©
TH 99 T R adE greeeen § wEad a6
T €7 ok foTT 37 Sstt — I, T &1 Weiger Hemaet

s fag feu T R ufaftca wifersa =it &
ot IRehd fgId o STIER Sell o a9 oh
T & H UG & 2l € W Sl S g, Soft
B A YA el 81| A AT W o, e SHE ® 9
¥ gl Ge Sl w1 R dfed et © R g &Y
¥ Si|d S - kT WE S @1 OAE Sl
mﬁwﬁm%mﬁﬁmaﬁw
TS Uit TEasa S | 9&E ke, T S 1 ANRE
Tt 7 SR TEE H G 2 - kT = kT ol
1 T 3§, A, S w § e S feerfa
A TR BT SSe 1 AEH B 2

ol o FAfaesH W &Y 3udfd 39 g hi
T o @ 9 €1 F8l B9 Ygifas &9 9 16 w5
faftre o ot 9@ &W o6 faw g8 f=m @
IYART M| 1% H 6 o fafere e i o fog
oft 3ok ST @1 ik faewor 3|

13.6 fafste o enfiar

13.6.1 THUTHTUTE 6t o ferg

T UTATI 119 o 310] H oheel M T S
e Bl €1 3Fd: Sk Tk Y] HI T a9 W e

o1 (3/2) )k, T BH| 38 YRR 1 79 o | Hiel i Ff
il S,

3 3
U =§kBTXNA =§RT (1327)

o ST R HieR fafere s et ¢, 1 A €,

d
C, (THYA 4 o fer) = le] g

(13.28)

ameyl T & o
C,-C,=R (13.29)
ER cﬁaammnﬁw%rﬁwmwﬁm%

3d:, C_§

sﬂﬁrﬁmw st 1 ST

~C, 5
V—C—U—g

13.6.2 fguwmmure et o ferg

S TR T feRar ST e @ TR fgwAmE ety w5

TeRTd SoARR Bl © IR 9 59 erehfa 1 gg =it

(13.30)

(13.31)



340

afiferent

M, df ST 5 6T Hife T : 3 WHAHT To 2
Toff| Sl GAfAS oF FEAMER 38 96K 1 7Y
% Ueh Al &, TAM W Fa ARk S,

5 5

U:EkBTXNA :ERT (13.32]

31d: Hier fafyre o e

C, (38 fgmmm) =§R, c,= gR (13.33)
(13.34)

y(%‘ﬁi%ﬂ?ﬂ%hg

sifafed &9 &9 of qftmfed §, @t

5 7
=(§kBT+kBT JNA = SRT

7 9 9
C,=yR C,= R y=_R

5 - (13.35)

13.6.3 SEUTHTITe: T o fag

e €9 | Rl SgmRAE 0] H 3 T, 3
Ul WA= hife Td $o Mi"a 9@ (f) & &0
Y9 B €| Sl GHfaeH o FREETER 98 grea o
T S Thdl © & 39 YR H T F 1 A H
Fa AN Feil

U= i,T+ 3 T+ flk,T)N
2 2

Fefiq. C, =

_(4+5)

_(3+f)

2 DAY, ¢, - C, =R a+ft ateel i & fag

T &, iR =R o T TS @, fgwEn @
3TTe SEURHE S i A B

greft (13.1) ®, T H, oA w9 1 SU

BU, S fafyre sw unfiaiedt o fawa & Sgifaen

aiHA 1 geteg e T B 3 AE wRe (13.2)

o feu MU w2 T o forg fafire o e o

YT A @ RTE 99 @M B 98 O €, foh uel

w2 19§ (S 9Rei | T2 <o W ¥), SWel, C H

ﬁta@ﬁwﬁﬁﬁwmﬁ@ﬁ?%ﬁ%

Ml H wgd Sl T T ¥ WHROE: 3 T

B+fR C,=@A+fR

(13.36)

AROR 18.1 T w1 fafvree s enfianed o geigEifa
AH (09§91 H1 3T FHW gU)

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

12.5 20.8 8.31 1.67
Fg’qmwﬁ 20.8 29.1 8.31 1.40
[ERETINCY 24.93 33.24 8.31 1.33

Wlszwﬁﬁﬁﬁﬁwmaﬁmﬁa?

C,-C,
(Jmol K (Jmol K7) | (0 mol™* K?)

8.12

12.5 20.8 8.30 1.67

Ar
fgumes  H 20.4 28.8 8.45 1.41
O,
N

21.0 29.3 8.32 1.40

lERreIED ! 20.8 29.1 8.32 1.40
IERECIL GO RG] 27.0 35.4 8.35 1.31
TEIHS  CH, 27.1 354 8.36 131

fafere o anftareti & o= 9ren (13.1) ® fw
giferss 7§ @1feres WIQ T €1 g aref 7E gan T
IE B AReerl ¥ 09 ¥4 o ARH Hl o
gftaferd &2, af waAifes wd dgifas 9 o sifus
it gfeTe] BMt| 31q:, AT i W Shell GHIGSH
1 f7am, yrEifTes &9 9 o=t T I Bl 2

P 3eEr 13.8 44.8 TR g Wi & T
SR §d9 | STP W Eifer ™ 19 9 21 39
9 o 99 W 15.0 °C 9f5 w & fag fma
HE1 Tt STMEYTehd B2 (R=8.31 Jmol-' K1)

Ze7 : T8 99 PV = URT 1 STAN ich 39 7€
e 9 <3 Fehd € fop foret oft emeet 1w ok 1 A
1, HMeh A9 (273 K) T <@ (1 atm = 1.01 10°
Pa) W A 22.4 ¢l €al €1 36 Weieh 1o
1 ‘HieR 3T’ hed &1 31d: 36 Sl § o o
fie €iferam & 2 Tt €1 it glferm TehaE T
2, s frad sas W faferse e wnfia

= (3/2) R, a1 THad <@ W faferse e enfian
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W, @ favamm aR

1 TRATIET Rl 3R-SER SSd GU IWT ST ehell €, Steb-3Ieh a1 &l , T ST THT &1 Hehall €1 T Fedl
o TR TT 1 STl o STUL GRI eehel S §U S@ Hehd &1 TNTRTI shi STH ~ 105 m 811827 |, Whiccis
o ISR, Tae oS 3 5al § ciferd el o TR UT oh1 Yeaaei o T hid 999 I8 9 fh
éé@—%qﬁmma@mwﬁraﬂl‘;@

gt FHgTa 38 IRER 1 Toh Sel S Tad il 81 5ot # feifea fordlt favg = v/t o a1
Tft fegnadi @ "oz = wd & Fifw v H1 la At 2, Tt e @ g6y w6 ol s
T GEA AT S € ¢ TS e feen ¥ SRt Weg i Al WHR i WEA ekl §1 W
3TMIY 1 %] o AT 57 oTifvaes Wogl 1 9N | AR FA Gog! i & & o § U0 g1
% HROT 7Y Tugstl i fa w1 g9 f@E @ v

Ffe fyve wrnt srel 8, W ot genesit 9 e 95 wendn 81, 1 fafs= faensti | g1 ot snfvers
ozl 1 HeA § St YOIEUvl UL &1 Bl STeid e (S A1 7 ReA) o SIS oh Had §egl
TN Teifaa fave w HeEgi oF SR STRfUd o Ut AT T AN I T el fet 7 foret fam
A el HorT IR o el gureh @ W €1 gafeie, I fuve 3-He €0 § Tfd wian © SR Afesd g
T HeATSTST Gl €| STSThel SIS i el arel STu[e &1 =8 i enfude frareierar &1 uh g2
THIUT 1 T ST 50 96 W hHeE0 GETh (scanning tunneling) Td 37 fafyre gewsfmt gr, srojei
1 3@ S @ 2

1987 H, Sl & wrEikd g & o=k ST8HE Sdd A 7 Shaet AUt %I @H § Hherdl UE, 9%
T8 37! forga IRERe ST==afhansti @il «ff 3@ Feh| THT 9 31fd o7c9 31afy, S WiHehs & hife
Y off =1 1afy aTel SER YR 1 R § 3R] TR Y, 31 3T Bl SR e I UQ| (R
Yehs = 1055 ) 79 ol AT THER el o T2 3R o7 o1 ot T T Wehd &1 6 ol aT&al
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¥ ‘2@’ FEd B

C, = (5/2) R ?I Fiifs o &1 emaaq fad 2,
AL FOHT A H ok T C, 1 ST HLT| 31a:
AeRTF FOH = Wil H1 Hea Her fafire Few
GGG

=2 1.5R 15.0=45R

=45 8.31=374J <

13.6.4 3El &t Tafyre o anfar

3 & fafire SereIiar I i o fau o 39 el
THGAST 1 fEm @] W wehd € TR S o
foomr o fomR shifST, St N ORETgEt 1 5 ¢ ek
TRHTY] SO e feefd oh 3ER-SER A Y T Bl
el hfora sud w1 siEd w2 % kT
= I, T %1 Tferdia st 6 faw sima st 3 &, T 21
3 %k 1 Hiet o fIU N = N, 3R 38! o Taisw
Exi]

U= 3 I,T N, =3RT

31d, f19d S WAQ = AU + PAV = AU, #Hifw
fopell S| ok foaw AV SUemig B er:

_AQ AU _ 45
AT AT
RO 13.3 FA o A9 Td agASad 36 W FS
Il it fafdre e enfiaret o o

(13.37)

=

B U kg 'K |ef@r(J mol'K™)
Tfufem 900.0 24.4

HTEA 506.5 6.1

GIE]] 386.4 24.5

ESiEs)| 127.7 26.5

U 236.1 25.5

Fxr=rc| 134.4 24.9

roft 13.3 <9It € for =amueh ®9 °, g g
W YT YT AR A Y A @ & (T
T AR 2)|

13.6.5 T @i TafvTeE ST emfiar

TH Sl i SIE i ¥ &l oid &1 Teieh T ok ferg
S Sl 3he, T T 5Tt o 319 H 3 TN, I TRGoA
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o 3 Teh SIS o B4 ¢ o7d: S@oh | el Wi
AR Sl
U=3 3KkT N, =9 RT

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

e 3EH Yierd W © SR gt SR dgifaes
UM H TR FHE S| e, U, Tl A § s/
1 fafiree o enfiar =61 |4 1 21 iR, 1 ohelrd =
4.179J 3R el 1 1 HieT 18 UM €1 37d: Scl i Uid
et ferferse oAt & ~ 75 J mol ! K ~ 9R @1 ey,
Ueeh il 2 TR S sifures Sifeet STuil & forg widss
e W e deh SR e Seen 2 B

3Fq o, g4 Sl wHfaasH o =R wfaftea fam =
smuiia faftre o af@e o qEgaH & &
TEEUl 9§ hi M § @A =1eul fSEeh STER
i fafere o enfiand ara R feR 7= et ™y
S-Sy &Y = i 1 SR Sed S 2, 39 Wi
o Ty e giei=r BH @ €1 S8 T>01 9t
Terert w1 fafere o et =1 1 SR SR Bhd
St B THHT HaY 39 qed 4 © fob T q9 W
T@A=A hifeal Sua™ i safay sryeet & i €
forufafioa it =1 gfe §, o ferf o s
wHifedr smaftafda & =nfed) f= g = fafre som
iaTet 1 e feRufaftad Jifde! s e
Tl € 3R 9 SHOER whael died RS o
YR W & T fohan S Hehal ®, S foh ey
ST 7 T ol Faieq At | @rdsa ife o
St B R et A FrEm ¥ f v St e
AEYT €| & TH 91 1 o SN0 § haed T €
YHOT H b Ul @A wife guEt gt gl

13.7 AT ol UG

i o eruped 1 Tl It eferk, o | eaf o o
1 Hife o Uk Bl g1 Al off, g | faferet 9
T R e e
HTRT ek T ol B AgHSA | ¢ T S1gel Hel
T 1 Lo &1 U1 THieT i €, iR, T ok 370
T R, T 3T B ST o B 71 gEife 3
TWER TH{A ©H o fou oied €| qRomeEey, |
A €Y W, WA W@ H Feld &l & Hehdl, ST T
TR wREfda & 2l

far 13.7 At TqF d fordl 379 gR7 gaffa s forad
T TR 7Y TG THT

M et foret T o @] d oI o T g
Tl & 79T A fordll T Tifqe 19] W Shfgd
SRRt =127 =1t <> B1 7% fordlt off 08 T o1 9§
TEg HT S 3 & AU o HR o o= B G d
o ST 3 M ACHHT § I8 3T (22 <v> A T
A & fomw o aten i o1 THe Twaem (3E
fo=1 13.7) 1 Al ufd hish A& o 1upsti &t @@
n® @l hE A At 9T H nad? <v> At FIg ST
T YR Gl A W nrd?® <v> 81 SAUET A HiFH
Tegl o e SfHa S,

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

fort 2wl Wt % A9 o <0, foR
e e 9 (1) HEd €, BN :

l =<v>7=1/(nnd® (13.39)

=0 eIfa § T I8 hedl &1 2 R g weft
a70] fermaeen | ¥ wq a&dd ¥ geft 1) e €
AR TEg <X STULS ok SiEd eufersh o g i
FT S B o7 TH GO (13.38) H <v> I <v,>
Y yfeenfad T 3O o7d: STfueh Fened SFeata g

1 1/~2n a? (13.40)
31, 37e B o1 o SR o fefw, STP W 3fwd o
<v> = (485m/s) Wkl | TH T o1 SAheld Hid B
(0.02x10%)
"= (22.4x10%%)
= 2.7 10 % m?
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d=2 10°m o |,
7=6.1 109s
qen, 1=2.9 107 m = 1500d (13.41)
S eTve off, SRl (13.40) NI T o we
T Y 1 HE 3TU] &I AMM T & ¥ W
giaeirad: et e 21 Tt ercatues faifaq et
=R nfowam off &8 F= 7 2, WA gE A w1 AW
Tt T A & aUER B Gohdl 2

p 3GTEYUT 13.9 373 KW, I a4 |, 5l o
370] ok H1EF ot 921 h1 STl it STEI
13.1 3R qHiHr (13.41) | & T gerR
IYIAT HifSu|

goT Il ard o Tt d &1 9, 391 a1 o faq 71
T 2l B G e W 9 % Gk 2|

TgferT n:2.7x1025x%:2x1025m?3

HAJ: WA o 991 4 107m |

e ST, A1 ga vy, g afeherl gR I
STARTIAE S ~40A =4 10°m &I gal H 100
T R 1 WA o ULl 1 I8 el 9§ 9l o wefues
SRR 1 et 21 for feordlt oen o1 o Tl i
Tifd =&t feren S weman 21

STUFT THgIa o1 SUNT ik, TN, So1-aIetehl,
Td foERor S T BY U R enfUas e S
e grerel 9§ Gafa fenan S Tkl 21 56 T8 &
qaul 9 &1 Fege U i STHMY I SThad (hal
T ol

AR
T4 (P), SR (V) 3R WH a9 (T) § Hay wenfid & arefl ameel 16 gl 2,
PV=uRT =k, NT
TET T8 | Al 1 Fen iR N S # Wem €1 R Tk, HERI: e 9 e T
AeesHH fadis #)
R

Iy =y =138 10%®JK!

A
ardfass T, eTesl 19 GHieRor &1 siferTfys arer sherel 34 a9 qe i <@ & et
eyt 9 & STl fagia o STHER

R=8.314 J mol! K!,

P=lnmv_2
3

TET n ST 1 T S, m 3] 1 S TE 2 ST HIeA oFf =1 81 ekl o<yt 9
THIFIOT o T AT ¥ 99 H TH S S W E €,

Ln? -3k, T. v () - [T

2 2 m
THY B 98 T4 el ¢ o foRet 9 w1 qrq Suen foRet o7u) w1 Sie Tifst i o W © SR
T 9 71 319 HT Jepfa W e T wean e FrEd qme R e o fage ¥ 9l e 1 eiea
el 3TUEIThd FH BT B
T TSt Selt

E=3 k,NT

2

9 e 9% 99 W Bl B

PV=2E
8
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Folt GAfGATSH 1 o wara € & afE ueh Fera wea T W g | ® 9 gl s q9H
Y ¥ fafa= s &9 § d¢ F Tawifoa g 2 ofR W §9 o W S T8 el — ke, T BA
B T WM T St T hife o WG ST 1 Teh Sofl ©9 Bl 8 3 THH et
Hol — e, T BT €1 Yoo U ST o W19l hoil o & ®9 (faw Te fefast) Sed § safen
THh WA Sl = 2 ~ ke, T=k, T

Folt gufaaTeH %1 F198 0] FTh 59 T9 #1 Aier fafere Fo oifidr J6 #% Thd € 3R 39
YR g fafyre s enfiareti o |\ e T % TE g o fafire e arfiiare o |t
9 ferd 71 afg 7fa o oo w6 1 off aferer § wftmfed ¢ d 78 qrdr SR 8 9w a3

1A Yo U [ ST9] o A i el o e SEeh gRI Hferd e i ©
1

V2 n 7 d?
&l n GEA S T d 319 1 A 2

i:

faemoig faua

fordt T 1 <@ Shdel U i aRl W &1 ARad 61 8idn, dfesh I8 T § 8 e faemm
@Al B 99 § W@ 119 o STaH T h1s ud grerere § gidl § i 39 Ud o il SR THH
T4 el 2

T SR T F el § e Fgd T@-9g1 T FIE HRON & S =fET) H qrY
3R <@ W FE I SR gl A SAAATSE S o T @ TH o Se 81 SEd 9 3R %
2 @ 9 WA ged 9M © o foRdt T § SfaRams < 1 100 T SR STU] Y STHIG
1000 AT BT 21

TS qHTIHISH o 720 &1 89 39 YR %8 Thd 26— ddrE G | Yeh T@idsd i o g1
ke, T %S <1 B €1 1) 1 FA ol o Ao ToF G 0% Tk w6 Hife S
MW 37, Tk FHuA-fael § € @ &ife (7 fF ) 21§ (71fos 1 feorfos &9 & &)
St st 2 -k T=Ik T B 2

fordt R o 91 & Fa 9] 9 TS iR S (TEc o HROT) q B W SR AL Ie
iR e g o W HE B © SR PR Heg i @ © | e § w9 S WO
oftel ffereh Bl € (S aIgAvSd W) | SUhT U9TE %W B, Fifeh W S=rgdl o fog feufast
TS (mgh) 1 W ] 1 S TS Sl 1/2 mu? 1 qer § IR S 2
<?> T (< v>)2 % T T B TRt uftn & ol w1 e stevass T 2 R sw uf %
e o o o SR B1| A 3 W heF i e o foTy STl od Fehd 872

EH

SATeReIST o SAUEH o TR SR STP W $ek §RI 3R T ohel STFd i STUT F1d e
SRS o6 Teh 379 &1 =A™ 3 A S

HeR 3TaH, STP T fRdt 19 (e7eel) & 1 Hidl g1 5 =1 o79ad 21 (STP: 1 atm 39,
0°C)| =3zd fF =% 22.4 e 21




srurfa fagia

R}

345

13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

o 13.8 § SAfeRdIS & 1.0010° kg 589 o faT PV/T TS PH, I ST@-3T@ A T
T <A T )

Hoxy

v

o 13.8
(a) Toigfera Y@ s <wiiet 272

(b) T T € : T, > T, 1 T, < T,?

() y-2181 R &l o fHerd © o8l PV/T 1 WH &1 2?2

(d) 3% T TG & WMF 1.0010° kg TESSH & fau o @ «ff 91 3§ fog W W&l a%
y-31e1 § fierd € Pv/T w1 9 9€ gim? 4 et egese o fhad 5o o faw pyvy/
T %1 9F (F9 T4 3R 353 a9 % &3 o fog o€t M2 H, F1 S0 $9H = 2.02 u, O,
1 370] A9 = 32.0 u, R=8.31 J mol' K!)

T oS faferet feet amaae 30 oftet B, o stferdfis &1 ok <7e 15 atm W& g
27 °C %1 399 ¥ F 19 fahmet oF o =% yArdt (9) I iR #3211 atm T a9 iR #
17 °C B a1 81 J1 hiterg for faferst 9 stfefism o1 forat amn feprelt 7 21 (R= 8.31
J mol™! K-, SRS 1 37 FIHM O, = 32 u)l

I 1 Th oigell, TEeT 31Fe 1.0 em® §, 40 m Tedl 3fiet 1 aeft 9 el 99 12 °C T,
ISHF FW TS W A 7 el 19 35 °C F1 316 THHT &G F1 T2

T W, frEent o1 25.0 m? 8, 27 °C M9 37 1 atm T W, 91 o ol 210t (e
eSS, TS, Serarsy 3R 37 Gt eraal o ol Wiwferd §) i W@ 6 Hifey

Eiferm ] 1 SiEa ardE STl T eRel RIS () IR o M9 (27 °C) W (i) g3 &
IS @9 (6000 K) W (i) 100 TR@ shfead @9 (AR F i€ 1 UEfdeh dr9) W

GHM Il o i A § T €A 3R e W ol #) vee e | i (TR )
T 2, T A FlE (fgoeamps) 9 € @i der o fem eereiiigs (SEaEs) T
Tl A S W T % W STuEH kT W WA 82 9 A W | STued ko
(et w1em g =) SHE 2

o am W e T faferex § et &1 v, - 20 °C R Efeem 19 wawet w1y F
TR T (Ar T TREIY] S0 = 39.9 u, T EIfeTad 1 THIY Fo79H = 4.0 u)|

AZESH 9 o U faferet §,2.0 atm S@ T 17 °C @19 R, A5ESH Y[ o H1e Gord U9
Td " 3gd 1 Aeher hifTu| ATgSS 310] i B amsw 1.0 A <fifSre) Heag-hTat st
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13.11

13.12

13.13

13.14

T STV R J WHE| o die WAAdgach ao § ol 999 | HIfSU| (AT5esH 1 v
FEAM = 28.0 u) |

rfafiaa  TeTHd

| R ofeft TRt (3R Tk i R &%) el dfast Wit T €1 389 76 cm weE W URS g,
g % 15 cm T I Tl § Yehert T@a1 €1 4 e At e fau A= a5 iR W@ gu el
%! FHearer F fa S

ot ST @ BRGISE 19 28.7 cm?® s 1 R ¥ faafia g1 @ #1 5= feofaal § % gl
7.2 cm® s R fgaia gt 21 39 & 19 i vg=t

[Eehd : TMed o faaor FM R /R, = (M, /M, ) /21 ST HIfT, &1 R, R, 09 76 &
TR0 <X A M, TS M, 55 STfoash Som §1 a8 e S fasia 1 v e wRom 2

e ¥ fRH 19 1 S SR I 310 Ul SaeH B THEEE © | I8 quiadn Il shad
adt & v IS off 9 g9E 7 @ | SR % fau, e ¥ yifad fed T oy w1 e
(3R <) THTHM TE € € | S R ST S T ST S S o WY S © |

g i ‘amdrerer & 2|’ n,=n exp {_%(hz_hl)} ¥ & Wt €, T n,, n, HE:
h,d h3eTeal W TEACHR B i YRR F § | 39 e h SuA 39 w9 § fcfad

TRl 01 o5 ST T o feTT WSRO n,=n,exp {—WER':A(p—p’) (hz_hl):| I g

FW & U FINT, 7=t p Feifad w01 H1 79 o ' =R’ WE o WA HTA € | N,
SAENTE H@&A, 91 R 19 fdies 2 | [Herd : feifad 01 o Sl W i S o
o snfefadis & fagia 1 swam Sifs |)

e Fw S 9 goi o S U T F | Sk TRATS ki ST 1 SR (THT) HIfST)

I ] ]
(u)

e (E) 12.01 2.22
Tee 197.00 19.32
EesH (5d) 14.01 1.00
fafermm 6.94 0.53
TS (5) 19.00 1.14

[Gehd : O ST fof CATY] 39 Stere So Wareen ¥ ‘geal @ 99’ ¥, qe el Se &
TG T T SYART hifora) R oft aaaent fafi= womwd 2Rl o fou 3199 gr e areafoeh
HemsT & faage S1eRel: YA T8l S AT Fifh 3¢ Hated Hished &l ®a&idl oh
THUETS SR FS A o WE F T




