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(= M) Fea 81 3= I8 Wt yEdtaa fea 6 emeem, e,
g S T oF GeuaH Heedh w1 WA € dfedh fEWRATE o1 2

qafgar sarmgT

(1776-1856)

2021-22



338

ofiferent

...ﬂ=%:mﬁ-@:k3

Nl’I‘l N2T2
I P, V W T F9H & Al N ot gft i ok fore wh e
BT FET SAENTE] Giehed € foh oM a9 T <™ ™
it T o wfq Tehleh 3TFde | STu[e shi WE THE
Bt 21 foreft 9 o 22.4 Wi A § us Hemn
6.02 x 10 2| 39 A F| SAENTE T FeT Il ©
SR T N, g Pt fe w3 fad
22.4 A G ® STP (WM& d9 = 273K &
U @ = | THIERI) T ge9dE 39 119 o UM
o e 210] SeAWH o SR €1 U1 i Ig A A
(mole) Feardt & (3ifush TRyg aRwm & fog
37 2 fEn) | STEnTsy 3, qEEtTes SAfafwanst o
ST oh SMUR R IE A o T o fof gmm
g 3R @ R TG % GEH T W SYpst i we
TEE BT TR fagid 36 uRehed i =IEETd
TEU B

st T FHieRoT 1 8H 39 YR fog gehd ®,

PV=uRT (13.3)
Wl u Hll ®1 W@ 8 IR = N, k, T @EGH
fadier 21 19 7, T 19 &1 WA 1 ok foIQ shfeed
Yomn 94, @ R=8.314 J mol 'K | &l
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(13.13)

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

39 I R fewfomt ¢ () vem, Fafy e
TR A BT =9I A €, W aad o, o
AFA T F FR Tel gl B1 o4 fopelt «ff gl
3MHTT 1 &1, B9 Th AT GoH UdA Tkl 39 W
ST S o 0T ] Y Hehd ©1 e ST,
A TS At AT & 3tfam aftomm & yehe 2 e €1 srema
10 # XU 7T el o T o @R AfE g 1Y
e W g, SHek Tk W W TS g e @
S & T e gE 9 W o g @1 (i) T,
9 FAtd H g forgl off Weigl ol SUSTOig W
Rk § afmferd & fhan €1 Zafy, 59 gdumon
1 hiE TRl 3ATecd aaMT dl hied 8, W oA
®9 W gH I¢ <@ Hahd ¢ T 3o offam uRom § 3fe
TET AT At Hehe § AR | HEW G A S
1 STHd H&A - n Av, At TE STt 21 371a, IR Horg
Tefess ® @R T uw wEh ween § 2, 4k
(vx,vy,vz]aﬂmﬁﬂaﬁ,qqg%w,ﬁﬁfw
off STt qt fi= yRfae 9 aren #iE w0 g o
I & A (v, v, v,) TG KL A AR A TH
T g dt o T faaeer Tl T @ urem wedt
THTON W W 2 1 HE W F SR 3 THER ST

go W SUeniig €) 9 SRie IReed garfaa =&
Bl

13.4.2 M9 &l 37U Tfder HTEAT

iR (13.14) 1 39 YR ot foran S weha 2,
PV = (1/3)nVm p* (13.15a)
PV (2/3) [INx-m p? | (13.15b)

TN (= nV) 19 o 9 & 7upef 1 Fal G 2|
i e et o e v 2 s

WA Tfas e 21 iR fRdr eyl T WY

e St ot T e # S
E=Nx(1/2) m v*

iRt (13.15b) | 79 89 U Bl 2,
PV=(2/3)E (13.17)
319 B9 19 1 STUFIfae e o foy 9aR 2

IR0 (13.17) 1 39 19 G0 (13.3) §

TR FH W

E=(3/2) k, NT (13.18)

AE/N=- mp2 = (3/2) k,T (13.19)

e, fepelt o70] A1 Sfra Tifest S, 719 oF WA dTg

o STHAMU! It € @ I8 3T<e 19 1 gk, <&

A SR W R TS | 97 T Hifess R 7

St ferdlt T o A9, ST T Uk Rqd, B, e

(f5r SomTfaeR! =7 el S @) ©, 1 forelt anfoers

Tfer, ford a1 &1 eid TS s Fed © 9 Heag

YAl 81 deesTi frdies 31 31 99 &l 1 Sl

21 o ¥ 2@ df TR (13.18) I8 TR HI B

o aest 19 & Taies Sl sharel 3ok a1g W X

HIA €, T A AT T G| A9 3 e |

e ® fr eeet Tl w1 epfa fagia emest T

THieRToT 3R 39 R aTenfia fafa= T frami o gofa:

1 2l
Afera aTreel T o fason o fog et < forson sy

Wedieh T o STl ol ANTEH il 1 SR (13.14)

9T w9 ¥ 39 YHR fo@ e

(13.16)

P=(1/3)[n,m,p? +n,m, p2 +... 1 (13.20)

+ Fond E SR S U, TEH o @i wiedl o wron § et wftterd g gehdt © (e SEn 13.5),

el T 9 & e Il B
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e e e

g o U TC SomE |, T, 19, YA S Tel el o fed B W of, 6ok g S1ueti o o SHE
&l 2| Hergl oF SRR STupeH Y Wl SR T w1 faen uRafdd it wdt 71 denfu, ararecen § =t
o1 foraror Tl o frad e 2l

agd 9 el oF ™ o IaRR 1 TeIF Hid §HI 9l oh d T 9gd 9eequl 1d ST &t
ST B1 Teh SSTE01 o &Y H, 37 fordlt el | il shi 31 W o il Yok SAfeRt i o1 whi Uieher
o gftAfera we T 8 - AR & 81 0 Al sl qHel W | Hehd § : 20 99 e 1 g & o=,
20 @ 60 99 TH hI Y ok TR, 60 I U Afw Y * g5 AR 7H Afvew faga MRt =nfew
A eH 3T ok SR BT A I THE o Hehd € : 0-1, 1-2,.... 99-100 T4 T % THS| 5 7 I
A HH HW € A SH Y- § T ared A H @A A A el St 21 Sewewoned, e a
ST H AN i TS Tk 98 IqUcl H AT i HEAT i TR ST BN ST STaUel x Td x + dx
o @ G dN( SIS dx S STIRHTIA BT T, dN() = n, dx, T8l n, 1 TR T
X T x+dx & 9 % e § o B ven B fffe w0 § 2

o 0.5 1 Av 15 2.0 ®/Vms)

o =rel #1 Hagae deT

A ghR, oNfvas Al o ded W foeR R Al @el v WS v + dv o o= STUST H wE
dN(v) = 4p N a’e™’ 12 dv=n dv | I8 HFHI T HEAMI ¢l n, R vk §= T SR fo o i
T 81 S AU Y W& Sl =t 0 U vrdo o o9 @ WE o 9 gzt o eehel oh SeR Bidt
1 o2 S foret Tfer 1 Sied, JemeRer <o?> = (1/N) [ ? dN(Y) = V(3k, T/m) R afenfoq foan s
? S etfuresr wafier Rone o SMHR W oged= giumEl | fHer 2?1

greereen o fafir=1 Tel o STuped w1 Sied ias
STl THM €l S| Sre

-m 2 =-m, v2=(3/2) k, T
Ad:, P=(n, +n, +... ) k; T

T eTeed 1 3M¥ER e 1 frEm 2

T (13.19) ¥ 79 foret T | srope 1
YT =Tel 1 A @ Gehd B | IEeSH o Th
310 ® T=300 K, a9 W #e" a9 =1el A1 e

(13.21)

My, 28
N, 6.02x10%*

&

Igl,

m = = 4.65x107% g

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

p? 1 YA THHRI A HEA HA (rms) oA
FEA 8 $R W o__ 5N ff= #@ T

(p2 HI B < 2> 9 forg gehd 7)

v, = 5l6ms!

TH 916 1 Hife 9§ a1 o S o qHH 2
THETT (13.19) ¥ €9 39 frohd W o € %
GHM 19 W getoh SR %1 rms =6l A Bl 2?1

| Sl

[
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ofiferent

> 3e1gYUT 13.5 Tl Foiiah § M g Tl
g o € 5o SoomM 2: 1 o o9 | 2
g 1 A 27°C 21 AT TS () U ST R
P TSt Shofl shT ST (if) <A i o STopeAt
1 o1 /LA Jod =1l v, 1 S G HIfS)
3T 1 TRHTY] SFAM = 39.9 u, FARIA T 3]
SHHA = 70.9u

Ze7 FEl A% WA A mewye 9@ a8 € o e

(ameel) | F (3 a) s TS S (SR TR

HH 1 TE Teh WA B, FAH hl e Tgaes

21, stere S off #4 7 w) 9ed € (3/2) kT

o aUeR Bl €, 9 o ard W R e @ e W

F geptd W R &1 St

() <feF woreh ® eIl IR FAH S T 99 qHH
7, o T W w (U@ 1) A AW
Folatl w1 S 1: 1 @

(i 9 —mv 2=9ﬁﬂ3ﬁﬂﬁﬂﬁﬁw=

ms

(3/2)) k,T F&T m 79 & TS 319 H1 577 2|

(Vs),,,

=
TET M T 1 AU-FHM § (M T WA €
3T 3] B1) A qal H1 YA oH W

(V)

(Vs ),
39 39 q2F W &M fea 8 foh Suiea afeheri o
T o UM o SR W HoEH i Hig R
&l B1 9 A9 1 A ruEfdd @l € i S S
FARNA oF FAAM fRdl =1 9 | B, q9 off
(i) T (if) o ST T&T B <

=—— =177

= 1.33

P> serEvor 13.6 | ok g qHER] ok
TEME 235 u TE 238 u ®l Ak W
BITRANTES 719 o 3 <A weeenfes foemm e,
qt ferment ofga =mer eifes enit? afe wee
1 Y] SHAE 19 u g, @ fhet oft av |,
TTh! el § Ufavd STaX STehfeld hiteig|
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zo7 - Tordlt Frad a9 sted oS = Y m<?> Fra
@dl 1 o7 o19] 1 S fSa %8 e, Sadt €
aifuren e 3TeR! TIfd BT =Tell b1 31U, S| o
U o YA o FRANUN! 81 S T8l S
349u TS 352 A €, gHiT

Uy / Ussy = (352/ 349)1/2 =1.0044

. . AV
%Wﬁéaamaﬂuﬁrm7=o.44%

285 oE WHEeh © TSR SEveehal A4k =
forgea § =it ©1 THeR! tfuss WEN § 9T S e
HrEAE 238U ¥ YUdk & o foaw fagor & s
Ty foferet g =/ 3R ¥ =R 39 ®) Wiy fafeet
et AR #1 AAfehd GhT ST AMMET Ak 7] Al
il 1 Rl § T H gy T T S |
Ul ®1 gl § dgifd ® dFed ard AT
sifeer Te | @ & aEd o SR 36 YK
Ty fafeTet o o geter 319] Sifereh W | 9re S
(Hada) (fauw faa 13.5)1 a8 fafy stdq g
T € IR waiw Herd o foly 39 %Y R e
el 2l |

5o 19 fogid st €, @ ST fowRor &b
T 36 U] o FATN oF aHA oh ek HIAT
Bdt § (fEn WM 13.12)1 ® SWH W
% SMUR R Y TH A i A H ATIH T
ehd &7

i

fer7 13.5 T& &Y 3aR & Tod gT Y
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P IeTERUT13.7 (a) 5@ FIE 3] (A TARY TT)
frdt (9) SR ¥ U ®, 9 T &
Ty I8 S =rer 9 faada fgen o s ofedn
21 9@ HIE g TgagEd Tehe MY W oot ¥
THA ©, @ ot T € Bl @1 qenty, s i
AT AR 3 Y el W ThT! €, 1 78 fa=
el | ar9d oledt g1 3§ feufa | Wi @ =
UeThd W Bl © A AfAR? (ST 6
YIRS GEg § Hafyd oAUl AR ATl
Hohm) | (b) T o fafeet # foed &t i
1 AR eohel Y ST fhdl 19 i Fiifed fman
ST 2, 9 39 19 &1 99 98 S 2 S () §
T STV fHETd oF STUR W 39 Y& Wi
AT il () fred o fafdst § gifea
19 T TR i aeT Heheiet therdl & df s
Bl B2 @ 39 M YU w412 (d) G T
P dgeTeRt Teh SR See! ST STA i Bl 3
1 37! TRE TR 1 T FEEd THerdt 272

Z7 (a) M o oot oF WD ol fafeel o et i =t
=l u B 47 feiferel oF wer sieet VoSl § W S 3K
3T @1 B ol o o |IUe 718 i <1el V+ u BR1, ST aed
T AR YA BRI A doel W ZhUe 59 Tig arad
diedd 2 d1 dod dn Widal TE&T =
V+ u eet ¥ T 3R B oa: fafshe o |, et
TR F =, V+ (V+ ) =2V + u, [afFe I R S
7% BT 3T4: TH YRR Tq9H dect | WEg o 99 g
1 el 5 S 21 A doen Wl T § d e =t
u¥ HH T ] o T g9 319 A9 | ghg g
(@) o W o SMUR W, 31d 3, (b) (), (d) F
SW T Hehd &
(Sohd: 9 WAl W &AM 3, e > doan, fafdet
> fafee, =197 > 713)| <

13.5 Holl o HHIGWISH Rl &9
et Weher 310] 1 i Sl B @

1o 1o 1 5
& = —nmwy + —mu, + —n

5 5 o MWz (13.22)

T 99 W, 9 | o fed 9 w5 el e
F TE <, > 5N Tl foman s €, om:

(&) :<%mv§>+<%mv§>+<%mv§> :ngT (13.23)
iR 78T 1S I e TEf 8, 31 Welieto (13.23)

¥ 2 B © R
<% mvi> = %kBT <% mv5> = %kBT;
<l mv§> = lkBT
2 2

feepee o 7ifa ok forg wrae forst o10) =t feurfa
T o forg e = Frdensl &1 sawashar eidt 21
g gHeh! TIfq fhelt Tk Toaa o areg & & S, @
< fademert 1, oIk afE 3 forelt o T & sTfew
Tfd o fau are &Y e S, @ shaa T fRened
T STERIAHA BN TH Th T &7 9 +f = fan
ST Fehdl 1 TH Fed § T W WA 7fq & fag
T qen feprom o wfa & forg @ wife @9 2
forelt wqui fyve &t ws fag 9 gW fag @& 71fa =1
TFadE fd wed €1 e, fieprom ® wfq o forg
T S10] 1 A LA i et &1 Hedeh i
Al 1 U Ta=g Hife el €, forae fa o fendt
ﬂ'{aﬂ@fﬂﬁqﬁﬁm%,mﬁﬂﬁ—mvfﬁ'{
s % W W o, T o, T T (13.24) F 7
TEd ® & a9 ¥ 59 YR o Yed 1%
3Ed T - I, T 2

M SIE THWHETEE TH ok S{Ush | ohed
TG W6 Sife Bt 81 AfehT 0, a1 N, S
fgmRHTIIR T ok favEr W R hE Wehd €2 O, 31
T 3 WA s wie q e € €, W, g
FAfIRe I8 9] 3T THHM g o 9ia: o 7fd
# ghd €1 ot 13.6 H, stfedie o 31 e
S aTeft W@ & daad a Was YUE A& 1 T 2
Tuie g € fSeeh aita: o7o) sl wifa e genar 2+
3Td: T AR § e I < O W hife il T
TH TR FA Sl H IR ol £, TS O ol ¢,
Tl T ANEE B 2

15

1
g +¢, :Emvi+§mvy

(13.24)

1 1 1
+5mv§+5110f+512m§ (13.25)

ST i faer arelt Y o 9itd: i R e S Sgd w9 B § SR Feled AR HRON G gore T

Bl M@l ST 13.6 1 3Afam Wi @)
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ofiferent

Q)

fer 13.6  fGRATS 79 @ {1 T@ad qoi 37871

aﬁwlqﬁ%m:aaﬁlwzawﬁa:ﬁvﬂaw
q T I, AP W Sed-amt €1 e G,
Sedeh H[UT Ta1asa hifE sl H Teh U ol ANTEH Ll
& forae spoit wid o ferelt =% o1 =l wfinferd e 2

W W I8 WM foen 7, fF 0, o @ “3g
Ot §, @190, 9% 310 A &l BT O, F fau 77
AN, Tl (T 9 W) e qE T §, W Eed
=1 T 2t CO S s 1], W drd W off Fw
U I B, e 3Tk TRAY], SFAUIHAIH e o
S TERET A W § (I A @ S
T weTE) SR TR : e S H T 0S¢,
O ol 1 ol g €, T,

1 _(dyyY 1. ,

euzgm(d—lij +§ky
el e et o1 ot fadie Td y 38t sho Freeme
HEECH

£=€ +¢€ +¢, (13.26)

T =F e, §He (13.26) °§ fsu T
HUA-Fell 9% H, T o 99 =90 y T dy/dt o o
wfwferd 2

75 o <fau fo gois T e ool @
Fife 4 @ T @ “afffd " F1 AEE fFE T, W
TR (13.26) H ST 7T oA w@asa hife o we
T ¥ s e feufast o oed @ 9l & afia
< 2

Sell o Sk H YA fgEl U8 ST R Hell
SN T o1 Teh &7 aardl 21 8H 3@ Toh § foh
T qY T W A GrEeel § LHEaqa Td &
S & 3 for S S s e, T 31 e S
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3 fag foen U for wfifted wiferst =ifent o
aifyer 9iehd fgid o STIER el o fa9sH o
TS & 1 UE & 2 € 9 Sl T &, ot 2
I YT Hell Bl UG A W H, Sl GHE €9 9
Tft He Fol w9 R sfed et € IR T2E w9 A
ST Sl Yo ke, T T S 21 T St el BTGt
Tom B qqER, fREr o1 i Tuiadd wd Sof
A T H W b ke, T S AR A 2
SteIfeh Gedeh o T 2 X Ve kT = k,T &Sl ol
AEH <t €, iR, o w9 § wiae i feafas
Tl JRR BT ST T AN Bl @)

Sl o TEfGSH fEm & Iudtd 36 e i
fawg a5 9 a1 21 el 79 dsifaw w9 9 6 A
fafere e o 9@ W 6 foaw sw | @@
SYART | 918 | Sl i fafire e aifiar o fo
off ek ITA 1 dferd faaRor <)

13.6 fafvre e arfiar

13.6.1 TsHUTHITE TEl & e

TSI TH o 0] § cherel A TG s
Hife eidt §1 37d: $9eh Uk o70] I T a9 W Ared
%St (3/2)k, T BR1T| 39 Wb kT 71 o | Hiet %1 el
e S,

3 3
U = kTN, = RT (13.27)

T e W HeR fafere o i ¢ 1 W
au 3

C, (THTHNE 9 & faw) =41 =g KT
(13.28)
eyt T % fag
C,-C,=R (13.29)
el ¢, frord =@ W Her fafire st 2
o, C,= g R (13.30)
3 3 fafdre T anfaieti 1 e
_¢6 _5
y = c =3 (13.31)
13.6.2 fgaumures ot & foag

S Tt T e < g € T fguRAnes ety w5
T STAHR el ¢ R Al 39 MeH Fi g o
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M, Al ST 5 T@AA HIf T : 3 WMAHT T 2
UM | Sl HHfAASE & FEATER 3@ YRR F W
% T WA HI, TAH R Fa aRem e,

5 5
U=§kBT><NA =§RT (13.32)
31 Hier fafyre o wnfard
¢, (33 fgmm®) =2R ¢, = 7 (13.33)
2
(13.34)

J/(%‘GSWTUFFF%

Ifg fgwamEs o) 38 @ ¥, 9 W U
sifafaa so9 w9 ot wiwfea 2, @

U =GkBT+kBT )NA = %RT

7 9 9
Cu ZER, Cp =—R, Yy=—R

5 - (13.35)

13.6.3 IEUTHITE T & few
M €9 H fhdl TgIATER 0] H 3 LA, 3
Ul WA= hife Td F Miv=a 9@ (f) & &9
®Y Bl 2| Sl GHiGHST o FEETER T8 G @
gug ST Ghdl € % 3@ YRR &1 T % | 6 w5
Fad Taen el

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

2
#lq. C, =

B+fIR C,=
(44 )

(3+f)

2 DAY, ¢, - C, =R F+t ateel Tt % fog
w%ﬁ?{aﬁ?‘oﬁ:ﬁvma fgaeHTrR =
1A TEIETE At FA A 2

groft (13.1) &, el o, shod i w1 SURT
BU, a1 fafime o et & faw o dgifaew
JaiAAT 1 Gl R T €1 7E gRef (13.2)
¥ fiu T ¢ T & fou fafere s et o
R 9 RIE 9 @M 21 98 U €, foh Ol
% T ¥ (S wnol o T geE W R), SW el CH,
3R wgd W TR T, TSR Wi @it
Al § ogd faR U1 T B1 WHRUE: g e a6

4 +f) R,

(13.36)

ARUMt 13.1 T k1 fafere S enfianed o gatgmt
M (S99 ®9 I YT H gU)

£
Yehtd @Wmol'K') [ @mol' K" | (3 mol” K
THRAE 1.67
[ERRCIvCY 1.40
1.33

12.5 20.8 8.31
Wﬁmz@'—@ﬁﬁaﬁ%ﬁmmmﬁmﬁéﬁ

C,-C,
(Jmol K (Jmol K" | mol’K?

20.8 29.1 8.31

24.93 33.24 8.31

1.66
Ne 8.12 1.64
W Ar 12.5 20.8 8.30 1.67
W H 20.4 28.8 8.45 1.41
WTW o, 21.0 29.3 8.32 1.40
fgo@mER N, 20.8 29.1 8.32 1.40
IEREC I COERe) 27.0 35.4 8.35 1.31
IS CH, 27.1 354 8.36 131

fafere o aiRkarsti & &= 9reft (13.1) 9 fg T
Hgifer 71 9 Sifer W T € TER e A g3 R
It g0 uRee § S w9 %k ANEHE H ot
ftmfaa &%, at wEife wd dgifas 9 o sifus
Hfa gferie] BM1 3Tq:, WHEMT a1 W Shell FHIGHSH
&1 fom, wrEifieh &9 9 318l @ I eidl 2

3TTEY0T 13.8 44.8 oitex faa wifar & &
AR odT § STP W €iferad 19 i 21 39
9 o a9 H 15.0 °C g & & fag ferat
] T AR 2FTt? (R=8.31 J mol-' K1)

Ze7: T8 FE9 PV = uRT 1 SUAM &k M9 78
ST § T3 Hehd © T fomet oft amreel T o 1 Wi
1, A Y (273 K) T <9 (1 atm = 1.01 X 10°
Pa) W ST 22.4 ¢l eidl 81 39 Wi e
i ‘HIeR A’ Hed B 3Td: 39 IS0 | odd o
fie Eifer=m oh 2 Tt €1 Hifer e T |
2, e fEd egad w fafyre oA arfian

= (3/2) R, a1 T7ad g« W faferse seAr enfn
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@, ar Tavam
1 TTATILSA i 3eR-SeR <gd U @1 ST Gehell €, Seh-3leh dl &Y, T T THI &l Fehell €1 319 Tl
o WA i STt o SAUET GRI Hohel S §U <@ Fehd 21 TR TN 1 STHMT ~ 105 m Bl 1827 H, Whiceie
& ISR, e oS 3 Sl § Feifod el o WETh U T YeAS | T Hid 99T I8 U R
éé—e‘ﬁéqaﬁmﬁwmnﬁrm@?

Ul fagid 39 IREe &1 Ush TRel el T&d il 81 5idl 8 fetfaa fordl fyoe w set & a1y
guft fenet @ Heg #d Ted 1 Hifw Tupei w1 fq At 2, Rt K 9 9ug e A sroget
I T AT Iat € € TSl Tl feen | Rt Welg i ool TRHivEt shi W@ gl 1 WH
MY Y o] o fau 37 oTfodes Hogl =) 9@ | AR ot Gog! HI & HT o B SUT BH
% HROT FH TSt i Ifa w1 y9E f@E @l v

IfE foue St Bter =, T e i gaweel | fies v g =, af fafs= femet | 8 art snfreass
Hog] 1 G § SR qUIEYU YU TR Sl STeMq WeAH (Sel A1 3T ) o TSI o Had qEgl
311 Fafaa five W Hogl o R0 ARG G T 9 e 1 ar1 ¥ Tei sian fodt 7 foreht feem
o el Gam AR o Al gHE W S €1 ey, 7 fuve 3R-1e &7 Wi il @ SR Agtess e
@W@ﬁ@m%aﬂwmvﬁrmﬁmﬁwpﬁﬁ%nﬁwﬁwmmﬂwwww
THTOT @1 T ST 50 WQWWW (scanning tunneling) T WW&WW 3T'3J;3ﬁ
! 3@ S @R

1987 W, SWReRT W H1EiRd g o e STeHg Sidel o 7 shaet Ut i 3@ § Hhel e, a8
%WWWWW@@%ﬂﬁ@Wlwésﬁwmﬁ Wﬁmﬁ@%aﬁaﬁ%
Y off o7 oTafy 9Tt TR FeRTeT i LUK 9 Sl Yo R, 3K Seh il Weh? Hud Y IE| (HE
The = 1075 s ) & Tl T THECTR G 22 SR S B A S F GHA §1 T B A

T ‘2@’ wEd B

= (5/2) R 81 Hife adv &1 FFd Fod 2,
eRT HO1 A T o fIg ¢, 1 ST 3| 1a:
EYIE S = Hiell i 9= x Hier faftre o
TRl x ATIgfs

=2x1.5Rx15.0=45R
=45%x8.31=374J <

13.6.4 I &t fafdre wor enfiar

219l i fafire Seamniar 9w o faw «f g0 e
FHfgueH 1 F9 @ #X gehd € R 3 %
fowa & fomm ifSw, St N TS w1 S 21 T
T SO e el o SER-SER ShuA Y Tl R
el uwforia o ® fEd s 2 x% kT
= I, T 21 Fforta st o faw siea st 3 &, T 2
3 ok 1 i o fAIU N= N, 3R T8 Fol Taiw
Sell

U= 3 Ik, T xN, =3RT

ofd, 799 @ WAQ = AU + PAV = AU, FHIifF
forelt S = fow AV SUeOiE 21 er:
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_AQ _ AU
AT AT

RO 13.3 W & d9 Td JgFSAd @ W FO
34 1 fafyre o aif@st o 9m

Jkg'K") |enfiar(J mol'K™)

900.0 24.4
506.5 6.1

386.4 24.5
127.7 26.5

236.1 25.5
134.4 24.9

= 3R (13.37)

yane W

Rk

EIEE

&

qtan
gsice))

4
T

HRof 13.3 <Mt € o =aes &9 9, W arg
T YIS WA i N WY Wl @ 2| (ShTee
Teh TS )|

13.6.5 ST ahi Tafyree SHwAT Lrivar

TH S 1 ST 1 e & A 7| Tk ] ok few
ST Sett 3k, T 1 STt o 70 | 3 WA, & B
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o IR U SfdISH o B T 3Td: Tk | Wi
e S,
U=3x3IkT xN, =9 RT

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

e TEHT ek W © IR Wit SR Sgifaen
UM H TR FEE S| et U, Tl A 6 se
1 fafyrse o1 oian o1 |7 1 21 i, 1 ohedid =
4.179 J R St 1 1 Hied 18 UMW B 31d: STed 1 el
et ferferse oAt & ~ 75 J mol ' K ~ 9R©1 ey,
Ueehiglet o1 TRaeH S stfersk Sifeet stupti o forg @@=
e T e deh 3R feres Seign < 2

2fd |, g4 ool wnfaasH o for gfafted fem w
smia faftre o aifR@el o qEgaH o T
TRl U i &M H @ @ifeul SEe STIER
i fafere o enfiad ara R feR 7= et ™y
S-S e e qrdl SR 9ed S §, 39 WA
¥ T e 3fei=R g9 o g1 S8 T>01 9t
a1t st fafere o ofand 3= T SR TR Bt
St &1 3R GaY 39 92 9 ® f fe 9 W
T I AU SR HIAT STy g S 2
forafafian it = gfe 9, To feft § w
Hifear sraftafda @t =fed) f=t am w fafyme o
TRatl o1 =eER Teufafted sifdes! &1 sreaaer™d
TP © SR U8 HAER ohoel FEIEH MRS oh
YR W& T fopan S Hehdl ®, Si@ foh wagem
SR A I 1| F1eH AAhT | W@rd=a hife o
JaEt BF ¥ 98 g fRE e sEW e e
ATk 8| TE 39 1d Bl H BRI B heel B &
YO § I Ui @G5 i Yrel Bl

13.7 WA W UL

|l o erupe w1 T TRl Stfuek, S | eaf o o
1 hife oF oUeR Bl g1 al off, g o faferet 9
s g2 19 I FH ok T M q% foala e o
SHTRT 3Tfueh o ol €1 SrgFee | ¢U T oigel s
T S Lo 8| UH1 Ui I €, iR, T o 37
T R, W ST BIE Y & B 21 gHifaT
TWER TH{G T o fou @ied €| qiomTeEey, |
ST Y W, WA W@ § Fod el @ Fehd, SAhT 9Y
R aftafda & 2

fer 13.7 At G99 ° fdl 379 GRT gafyd s forad
FIE T 31T T THACTI

M ofifsr, foredt 79 & o1 g = & T
78l &1 A9 A fond U@ TIfamE o10] W Shfsd i
et Me =1et <> 71 9% forelt off T8 g ey |
e BT S T QA SRt o Shwl o o i g d
ok 31ST 3T S AL T | I AT (22 <v> A T
HI © e o aren wiE o1 T THuw (I
o1 13.7) 1 Al 9l waieh e o STupstl &t den
n® @ hIE Y At 9T H nad? <v> At FIg ST
T PR Tl A R nad? <o> 71 AT I HiAE
ergl o |t 3fiEd S,

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

fort < s Tl % 4 # o o, R
e e 9 (1) HEd €, B :

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

T [ W §O TE Hedd Hi ¢ fh g g
a1v] ferrrereen o B wq oarad ® qeft e1o) wfadr @
AR Heg ST SAupe ok SftHa smuferes o g it
I S B| ST TH AR (13.38) W <w> i <u,>
¥ yfaeenfad w0 g 3T tfies Jened Foata g

[ =1/(v2 nzd?) (13.40)
3T, 376§ o1 o S0l o fefe, STP W 3w o
<v> = (485m/s) @ | TH T o1 She & &
(0.02x10%)
n7 (22.4x107)
=2.7%10%m™3
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ofiferent

d=2x10""m v |,
7T=6.1x10"1s
T, 1= 2.9 x 107 m =~ 1500d (13.41)
St erve oft, TeieRtoT (13.40) SR T e wem
T 9 h1 HF 370 i HY T G&A @ W
Yferettea: ek s 21 ot srefuss fraffaa et o
=R nfwan ot &8 #0178, 7 a9y H AH
el T e o SR 2 Gehdl T
3QTETUT 13.9 373 KW, 5l arsd |, &1 ok
3T0] oF HTEA ot 92 1 ST hITaTT| ITTEI
13.1 3R THieh01 (13.41) & <t T gere
IYINT Hifew|

goT Tc AT ok Tt d 1 AM, 91 919 o foie A
R Bl €| & Sl WH 19 o ke 8

zafeT n=2.7x10%° ><%:2><1025m’3

3d: He Hokd 99 [=4x10'm <

M 5, A1e T 99, 8 dReherdl §)1 A
SITTIHATIS T ~40 A=4x10°m I &1 ¥ 100
T 1 AR Had U 1 I8 el 9 & 6 % Wl
SRR 1 Anfeyieh 71 foA fohdt umes o ok T
ifga =&t feran 1 HeRan B

Uil Fagia ST SURIRT ek , T, SoHT-<TeTehdl,
e T S Ty v N i enfde Smd S
rfagen yreell 9 et fehan 1 Tl 21 26 e &
Hadl ¥ g1 Feged U i STHY & STha fhal
T el

HRI9T

1. 3@ (P), 3 (V) 3R WA a9 (T) ¥ Tae Tefud & areft eyl i gefie 2,

PV=uRT =k, NT

Tel 179 | Aidl % Fen iR N S # Hem TR Tk, HE: Wk 19 e

dieesr fradis B

R
= -1 -1 = __
R=8.314Jmol'' K, I N

B

=1.38x 102 JK!

aredfas T, eeel 19 THieRor o1 AR Ui el 354 qi ael FE g WA it B

2. e 9 o ST fagid o STER

P:lnmu_2
3

T&T n AU HT G A, m ] T SHAA T 2 SR WA o o B gHR] S T
THIRTOT o W A ¥ 9 ki Tk STUIfas AR W B g,

1

Ry M
2 2

- - T

T &H 7 91 g1 © foh Rt T 1 ar sk fRdt oru) ot sfied TSt Sl i WY © @R
g 19 = 319 1 Yepta W R & a1 U rad ara R T o fage o 9 eto) i sl

= STYETRT HH B 2
3. TAMIAE TS e

E=3 k,NT

2

TE9 B I8 9 WE el e
pv=2k

3
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ol gHfaASH 1w wdqm @ 5 Ak ©w e waa T W) g ¥ @ @t pd s 9uE
w7 ¥ fafe o &9 § de R Fawifid B @ IR W T o W I T8 ol ~ ke, T B
B Y TG T FOT T hifE & G STaeiol 1 Th el &9 gl € ik 398 T
Sl — I, T Bt €1 Wl sht STf o W1 il oh <1 ®9 (Tt T feorfas) Sed € gafer
THeh W o1l = 2 X~ ke, T= ke, T

o1l TGS 1 | ] ek ¥ T i Hier fafere s o1 [ H T © iR 58
R g fafire s wnfiared o w1 e 6 % S g e fafkre s anfiaie o w9t
9 fHem €1 A Tfa & &9 ®9 H1 9t TReher] § |t H al 78 9 SR o 9o set|

HIeA e U [ 370 ok X ik GeE] o St SEoh gRI W SiEd S ©

1
- 2nzd?
&l n H&T ¥ Th d 379] kA R

l

fa=moia fawa

Tt T 1 <@ ohael ¥ i ORI T & AU & &l dfce 98 T § & e foemm
@A S T | T N & I § FIE Wd WrEEEe T 8l © ik 39 I % aFl SR §HE
HERGGIRS

g F SqURHE g % Hau o g agd agl-del FL P R0 T aqH =fet JE A
3R T W IE S R gl A SARRHAE S o AT 6 TH o Se & §gd 19 3R 9
B W oE e g U™ S TRE T SfaUeE s € 1 100 T SR SI0] 1 STE
1000 AT Bl 1

TS GHIHISH o 7o 1 86 39 YHR FE Fhd 2— duE 9 | Y dsd FifE o g
Yok T 3l ST Bt €1 S0 FT T Foll o ok H JoiF {51l 0% TF w7 Hife fr
ST =ME) 374, Y& So-Toe § < w@dsd Hife (7 {6 k) e 2 (fas ue feafas &
¥ ) WszvszT=kBTEﬁ?ﬁ%|

fordt R ¥ a1y & g9 1] i T iR S (E o HRT) qen I W SR TE e S
i o SEd ol W TIAHH Bid B 31k PR ¥ v Wd © | Ao § o Sesdl W s
ofter atfereh Bl € (S aIgAvSH W) | SUehT G9TE %Y B, Fifeh WA SErgdl o fog feufast
FS (mgh) T W 3T9] 1 3G TS S 1/2 mo? ST qo | Hh H9 2
< 2> T (< v>)2 % SUE el eanl fRe uf¥n % ot w1 wen enervae T8l € for sw i ok
A o a7l o SIEL Bl A 3T T KU 1 YR o foIu I ol Hehd 872

13.1

13.2

AT

RIS o STUET % I IR STP W $9eh NI SR 7T el SFcH 1 STU 1 hIfery)
SIS o6 Teh 319 &1 =6 3 A S

HeR 3TaH, STP W fdt 19 (eeel) & 1 Hidl g B} T &79dd 21 (STP: 1 atm 379,
0°C)| 3Ed & o7 22.4 ofiex B
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13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

o1 13.8 ¥ S o6 1.00x10 kg SMM ok feTT PV/T W& PH, ] 3T6-3Tel drdl W
IR T T 7

v

o7 13.8
a) Toigfera Tan = gt 22

(

(b) 1 A € : T, > T, el T, < T,?

() y-3181 W W&l aeh fHerd € o'l PV/T o1 9H o1 €72

(d) 7 & TH & W 1.00x10° kg TGN & foAq sAC df ot =1 39 fog W <&l a9
y-3181 @ T € Pv/T 1 °H I8 g2 A T gregiee & fwa gome o faw pyy
T o1 A (¥ 19 3R 3=4 A9 o &5 o U o€t S? H, 1 77 $8H = 2.02 u, O,
T 0] M = 32.0 u, R= 8.31 J mol K)

Tk Sfadie fafeet foeest o 30 offet ®, § eifedisM o1 IRk T 15 atm TF A9
27°C %1 300 U F8 T ikl oF o a1 gEdt (A1) @ R #T 11 atm T A9 R &
17 °C &1 Tl &1 31 ifse for faferet & sifaiist it et amn fepredt 7 21 (R=8.31
J mol™! K, SIS &1 37 SeqHH O, = 32 u)|

A 1 T Jorel, TS e 1.0 cm® ®, 40 m Tedl 3fiet 1 aeft 9§ el @9 12 °C ®,
IS SN Y53 W A € el 19 35 °C B 3T THBT A 1 B2

Tk W, TEeRT e 25.0 m® ®, 27 °C A9 3R 1 atm <@ W, 91 o el o (R
TELIoH, SATafSH, Sterarsy i 37 gt sl o w1 Wiwferd §) 1 el 96 S

e wAm] w1 SAgd qrdig Sl w1 ST HINT () FE ok A9 (27 °C) W (i) I F
TE™ A9 (6000 K) W (iii) 100 T hfead d™ (AR o IS &1 WEas a9) W

TAM AT o f S A T & g SR g R A el ¥ vedl sdq i (Thaems)
g 2, T ¥ FadE (fgwams) T @ iR fet & fem 3reiNEe (SERavEE) |
B A S T T o S STuet ki Hem §uE ®7 9 i N W STueH iy,
(et e e =) wHE R

e a0 W i T fafee § etopst &1 o, - 20 °c R EfeEm g et # o, F
TR BRI (Ar T TCHTY] SoHH = 39.9 u, T Efera™ 1 THY] SH9M = 4.0 u)|
ESH T % T faferet §,2.0 atm @ T 17 °C @19 R, A5ZSH Y[ o WL Yo 9
TE §Hg A 1 SThald HITC| AEeIS 210] i 5531 T 1.0 A Q) ez -hrel i

2021-22



Jrupia faagia

353

13.11

13.12

13.13

13.14

o STUST 51 I Wergl oF offe sy de § oRl T 9 HIfUl (FARSSH 61 oTifvash
T = 28.0 u) |

ITfafed 3T=mE

1 HieX et Gt (R T R R &) Telt s @it 7?1 39d 76 cm w9 URE G,
I % 15 cm T I Tl B Yeherd T@a1 81 4 e A e a9 5 @i W@ gu el
1 FHeaier F fa S

oRelt ST W BTRGSH 19 28.7 cm? s k1 X ¥ fomfid &1 @i €1 3= feufeai ® =i gud
%7.20m3s‘1aﬁﬂﬁmﬁﬁﬁ?ﬁélgﬂ@ﬁﬁﬂaﬁml

[Eiehdl : TT&H o foeer FEm R, /R, = (M, /M, ) /2% ST HIFT, 7= R, R, Sl i 1
TERROT <X 9 M, TS M, 3k 3TIfoash 5w 21 9 e st fagia o1 w e 9o 2

e § fRdt 19 1 T 3R T 319 WUl ST § THEHH § | 98 quiar Ted sheet
aft & 59 g off AR g T E | S0 % for, e @ genfad et 9wy w1 T
(3R T) THTAM T A T | S TR S ST HT TGHT T FAE F W e ¥

s i ‘amerer o o’ 1, =0 exp {—%(hz—hl)} T & A 7, TR 0, FE:
ha b FEEA R HEAHE T FI TR B € | 9 HeH BT STA 59 WH H fAefad

TRt U1 oF STAEIEA W o foTT HHT 1, =n, exp [—msR];A(p—p') (ha—hl)} T e

F o o HI, Tel p Ml w1 H1 T 92 p° =R Wh o Heaw H T © N,
SATETIE] W&, T R Wik 19 Fordioh € | [Wehd : Heifed o1 o s wR & S oh
fau enfrfadi & fagia &1 sw@m Fifew |

F= o I o Fei o e G T E | Sk IS R ST 1 STeher (SRTHT) HiTey

Il
u,

HTeq (E10) 12.01 2.22
e

AESSH (54)
Taferem

TR (5

197.00 19.32

14.01 1.00
6.94 0.53

19.00 1.14

[Gehd : | AifSTT 5 TRy S stere g9 greeen § ‘gedl 9 o4’ ¥, de SEnTsl 9@ &
1A | 1 ITART Hifore) R «ff e fafe wamea oeRil o feu o709 g1 ure arfosh
HemeT @ faage S1eREl: YAM T8l Sl AT Fifh 3¢ Hated Hfehed &l ®adl oh
TAOET SAHR FB A Sk WE F T
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