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AR/ ERCHE P AT DUEAE—  thermometer
B ADBEE TR B 0 fape) L
KET=HEBE o MR he - Ty
JKE = AHBE WS E 55273.16 K
HIME - 1 By SR e R

XE;S/J]]I}AA
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Triple |- ]
TC == P'— XT3 TNE poinf:;of 1273.16 K [H0.01°C
water |- -
Tr = 2T + 32° : .
0°C = 32°F y g
Absolute[, ¢ 5 _973.15°C
Temperature °C g 2
Boiling point of water” 100 212
Normal body temperature 37.0 08.6
Accepted comfort level 20 68
Freezing point of water” 0 32
Zero of Fahrenheit scale ~ —18 0
Scales coincide —40 —40

32.02°F

—459.67°F



GERRGY 0 a= LAL
) - _ 1AV
BIIRGE . p= LA

AL = LaAT.
AV = VBAT.

AV=V'—-V=(L+AL)>-L°
AV ~3L2AL, V=1L3

Brass

Xbrass = 19

ASANURANENNENNRHERERARNN RN NENRRNRY

Steel
T=T1,
(@)

tﬁ*«‘%‘%‘#@l&*%\ahv“{ﬁ“rtm

Asteel — 11

"h“xﬁ“?i{.‘

1AV _31AL B = 3a.

V. AT — 3 L AT
Substance a (107%/C°) Substance a (107%/C?)
Ice (at 0°C) 51 Steel [1
Lead 29 Glass (ordinary) 9
Aluminum 23 Glass (Pyrex) 3.2
Brass 19 Diamond 1.2
Copper 73 Invar® 0.7
Concrete 12 Fused quartz 0.5
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REFI{ILAEFTEH AR » Z&t BERET 7 E]RS AL A 1P
REE > DIQFOR » & AE BRI B 240t
(FAMERAE L ARGRW) EFRAETLEN > 5
RE R E ASUEIERERITR: - PlEeany (FMER
AR EIRREAE ) -
FERERMESEIEE R EIEEEE 2R 2 &
AR A e 7 Kom R IR &Ry » [NIL - R
H (cal) #EF 1 g7Kield.5 Ot Enf
15.5° CATa ZEE ° —R&UHa.20EH o TETLEIER
= B2 LB E BRI (Btu) > JE 58 ik 1055 /KA
JEE63 FIT =264 FYELE -

[ cal = 3.968 X 1073 Btu = 4.1868 J.

Environment

System

T
Q

Ts > 1

Environment

S}'sttm

Environment

Systﬂm

“1
Q

F‘"} < ?}'.'
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(a)

(0)

Q=0

(e)

Q>0



0z "X &= (heat capacity) =—E&=HY
Va1 —E R NREFEUERTTE
URENENE » R 9CRR » BEALE
J/K o
OLLEE— N TYERIEE » ik
SIEEA &)/ (kg K) -

O 5 FA(GR PHYZAATH E PR >
~F9RC, 2 5 ¢, ERRLLEL -

O SR PHYEAASTH ER IR »
ffj\:%ﬁcvﬂ%ﬁ_‘\‘ ° Cvﬁgtb% °

Q= CAT=C(T; - Ty).
O =em Al =cm(ls— 1;).

O = Lm.

Substance

Molar

Specific
Specific Heat  Heat
cal J J
g-K kg-K mol-K

<7T<’
H
H

Elemental
Solids

Lead
Tungsten
Silver
Copper
Aluminum
Other Solids
Brass
Granite
Glass
Ice (—10°C)
Liquids
Mercury
Ethyl
alcohol
Seawater
Water

0.0305
0.0321
0.0564
(0.0923

0.215

0.092
0.19
(.20
0.530

(0.033

().38
(.93
1.00

128
134
236
386
000

380
790
840
2220

140

2430
3900
4180

26.5
24 .8
25.5

24.5
24.4




TESREERFIRIG L I ZEREYNUFEVEI AR » A2 TR

b B R m AR

FIRERT A R HRSE » B

AR Ry /& (latent heat) -
A T 2 g R TR BN ARG 1 IO 2 - 2 — P
JEENH] DI AR Ry el 20RY

o

e - HA O Sae LA CEYTE
ISR (A R) BRI ZE 2 (R E)

&R ATERF SRR T | /2 e sk ERIVIE S -
O = Lm.
Melting Boiling

Substance JKELL(K) (RS L, (KI/kg)  BEL(K)  FUEEL Ly, (k)
Hydrogen 14.0 58.0 20.3 455
Oxygen 54.8 39 ou.2 213
Mercury 234 11.4 630 296
Water 273 385 373 2256
Lead 601 23.2 2017 858
Silver 1235 105 2323 2336
Copper 1356 207 2868 4730




(a) How much heat must be absorbed by ice of mass
m = 720 g at —10°C to take it to liquid state at 15°C?

Warming the ice:

Q1 = CiceM( Tf - T)
= (2220 J/kg - K)(0.720 kg)[0°C — (—=10°C)]
= 15984 ] = 15.98 kl.

Melting the ice:
O, = Lypm = (333 kJ/kg)(0.720 kg) = 239.8 k.

Warming the liquid: Ot = 01+ O, + 05

Qs = C]iq}’?’I(Tf —T)) ~ 300 kJ.
= (4190 J/kg - K)(0.720 kg)(15°C — 0°C)
= 45252 ) = 4525 kl.



(b) If we supply the ice with a total energy of only 210 kJ
(as heat), what then are the final state and temperature of
the water?

Ot =01+ 0, + Qs
= 1598 kJ + 2398 kJ + 45.25kJ

~ 300 k.
th: — Q'l + Qz
= 1598 kJ + 239.8 k]

~ 256 k] >210kJ

210kJ —15.98 kJ= 194 kJ.

£ 194 kJ _
— — (o— '5 : o s’ : z
m L, 333 Kl/ke 0.583 kg = 580 ¢

Thus, the mass of the ice that remains 1s 720 g — 580 g,
or 140 g, and we have

580 g water and 140 gice, at0°C. (Answer)



R B Ry 7 SgVSIBRAE B B = e T A R E312°C » MR
HIMRZE A B A E & 220g/KIVREEEM T - BEMIEVE E R
45cal / K> ZKRIEMRYRIAEIMIE F512°C o REii - JEAMAAIZK
JE P Z el HoRA 2588 > STEAERVCHE N AR

for the water: Q,, = c,m, (T;— T)).

for the beaker: Q, = C,(T;— T)):

et + GI+c,m,

1=

]} —
for the copper: Q.=cmn(T,— T). '

.. + Gy + e.m,

Qy+ O +0.=0. em(T;—T)+C(T;—T)+can(T;—T)=0.

(0.0923 cal/g - K)(75 )(312°C) + (45 cal/K)(12°C)
+ (1.00 cal/g - K)(220 ¢)(12°C) = 5339.8 cal.

(1.00 cal/e - K)(220 ¢) + 45 cal/K
+ (0.0923 cal/e - K)(75

5339.8 cal

= = 19.6°C = 20°C.
" 9cance PO T

g) = 271.9 cal/C”.

0, = 1670 cal,
O = 342 cal,
Q.= —2020 cal.
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PV= nRT (FHIEGEEE)

AR > HPERETT » nEEERE > TE@ENRA - Rl ARG
O SRR EAMERE > FR=8.31J/molK - 41
SR 2 LR AIRZ A R R B — R Ae BT A F SR Ae R &
V) o (HVESY) > nEREY)THISEERE - )




the Boltzmann constant k. which 1s defined as

~ R~ 831J/mol-K
N, 6.02 X 10 mol !

This allows us to write R = kN, . Then,with Eq.19-2 (n = N/N,).we see that
nR = Nk.

k = 1.38 X 10~ % J/K.

Substituting this into Eq. 19-5 gives a second expression for the ideal gas law:

pV = NkT (ideal gas law).



- Insulation

HTE R A )

dW = F -d5 = (pA)(ds) = p(A ds) el | v
=p dV, . e S

7 B LY ’ v
"o fdw ) f pdv.  W=pAV  [ERRE
lr"rj o et -.:'..: : y
R RIREI A TS ENRAL T - BEEE i

FEEEAGRITRET LIS REQAEIRE #—————— ad
e R e P AL o BT DU T S e R G ZE AR el
fThW -

AE AL LR+ ER
Sk FEYES A
=l g 5l i
2 5 i = ;
) | Process 5 i E
i | =
o | S o
I >
j ! L . /
| W>0 | | | | W>0 |
I I ! i i |
0 Volume 0 s 7). o Volume



sepgee 0K 0O G T IR 100 CHY KR,

FRAENE  gpeqmEREt o REECELCGENENT - 25

TEDOBIT * f120.001 m3iE B1.67 m? - P EIEE(EIEE h(a) &
SN IS » (b) 2SR U2 () PURE L & -

Q) FREERF) v,
W= pdef dV = p(V; = V)

Vi Vi

= (1.01 X 10° Pa)(1.671 m® — 1.00 X 107> m°)
=1.69 X 10°J = 169 kJ.

Melting Boiling
Substance JKEEH(K) BB, (kIke) BB (K)  AABEL Ly, (k/kg)

Water 273 333 373 2256
o)L i
OV (OB

Q= Lym = (2256 klke)(1.00ke) Ay = 0 — W = 2256 kJ — 169 kJ
= 2256 kJ =~ 2260 kJ. ~ 2090 kJ = 2.09 MJ.



= IR ATE 2T Lo
pV =nRT R =831 J/mol-K. '

pV =NkT k=— =138 X 1072 J/K. U OOt
Na . EE
1 SRt o et
Vf V
W=J‘ pdv. W=jf”RTdV.
Vi V; V
Vi dV Vs
W=n,RTf —=nRT[an] :
T=320 K v, V Vi
~ o | % JEr—
e W=nRTIn -  EESHE
17=300 K l

o W = pAV
e




ZsEyEfe One mole of oxygen (assume it to be an ideal gas) ex-

BrfE>7If : pands at a constant temperature 7 of 310 K from an ini-

I+ tial volume V; of 12 L to a final volume V;ot 19 L. How
much work 1s done by the gas during the expansion?

3.0

W = nRT1 é
= n HVI-

= (1 mol)(8.31 J/mol-K)

19L
12 L

(310 K) In

Pressure (atm)

= 1180 J.

—
.

=

e

0 1( 20 30
Volume (L)



i

Q=CAT=C(Ty— T).

3' %\\J\%\\ﬁ%
O =em AT = em(Ty — T;).
O = Lm.
4. FHE R AT S R A AR
V.
W =pAV W = nRT In 7f
S — R AQ = AW + AU

ANFEU=? U(T) = 2NksT



; 5. SR A 1 Bl A L A RE
RGO
. i’__?_ / Ap, = (—mv,) — (mv,) = —2mv,.
" x  Ap. _ 2mv, _ mv> F = dpld:
ey At 2Lhv. . L
7 L
FE mvy/L + mvL/L + - + myviy/L
4 %

m
- (L-3 )(V%} +vh + oo+ viy),

We can replace that quantity by n/Na(v3)aye. Where (vf_.)avg is the averagé
value of the square of the x components of all the molecular speeds.

nM(v?)
V

nmiN,

P — JE (V%)avg- 2=

avg




nmN, nM(v?),,

I 8 | 2
P — ]3 (Vx)awg' P = : - ”M(V )avg
V P o 9 ¥

3V

2 — 4,2 ) 2 2 — 1.2
ve=vyt+tvytovz r— 3V M‘/Fms
P="3y

root-mean square
\f( V7)ave — Vrms  speed of the molecules

MLT-HY TR

I"

pV = nRT 3RT

V j—
7 M V %ms é rms M
~

W‘E@ 77T HY A R R
\mﬁﬁ \?El’] 3 = AR

PV =




Molar
Mass
(1073 Vems
Gas kg/mol) (m/s)
Hydrogen (H,) 2.02 1920
Helium (He) 4.0 1370
Water vapor
(H,O) 18.0 645
Nitrogen (N,) 28.0 517
Oxygen (O,) 32.0 483
Carbon dioxide
(COy) 44.0 412
Sulfur dioxide
(SO,) 64.1 342

at room temperature, the rms
speeds of hydrogen and nitrogen
molecules are 1920 m/s and 517
m/s, respectively. The speeds of
sound are

1350 m/s and 350 m/s,
respectively.
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Free expansions.
) Stopcock
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6. B AIE

S — AQ = AW + AU
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The Law: AQ = AW + AU

Process RestrictionfR#] Consequence 55

EEUETE  Adiabatic O=0 AU = -W
EZXHEFE Constant volume W =0 AU =0
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EEEHR Free expansion O=W=0 AU =0
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1. ER R

Yo Oy g = by Sha
Q =nCy AT (constant volume), CVZE’ﬁ%E* [:b?f/\i&

C, — AU
W=0  AU=AQ— AW = nC,AT V.= UAT
/=" Jagh LA . 3 3 CV — éR
HRBEH 5 © U(T) = SNkgT = SnRT 2

C,=3R =125Jmol-K (BRETIT

AU = nCyAT (ideal gas.any process).
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2. EBRuERE
() = nC, AT (constant pressure), Cpﬁ@i%Eitb%@

W=pAV =nRAT. AU =nCyAT
Q=W+AU

nC,AT = nRAT + nCyAT
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Monatomic Diatomic

BT BT T

_;_ nR A T ________________ A (.2' @ con j)

tw |
rotatuon
w—=an, <
trans

—g— nRAT |—— Q@ con p - QaconV
t: 11,74 | AE, rotation
W AE, ,,— trans trans
3 RaT|E e con v BT TR T TR

i A 2B T A B bR -

L> AE, ..~ trans
BT THINEERR 7o THIPRREIRE 2SN B T RVEBIEIRE - NILHEE
FRUE B LR L B T THYBE AL - a2 B PIRH[E R RS = - BT
T RREE NN HIRE R - (R B EEN T Ae Sy B P A AR ) — B HE -



=ETiH 4
HIHE T~

T 7/2
3 Oscillation

__________ il
|

g
\E— 2 Rotation
~ i
————————————————————————— 3/2
l T
Translation
0 | | | ‘ | | | | |

20 50 100 200 500 1000 2000 5000 10,000

Temperature (K)

(ET) SANEAEEEASEEREER - HEEEsEs A k(K2
JEBEEE > IR SRS T DA T PR ES) - B arEss  abl
BEUATEEET) o L E S (R (300K) T MRUREr A I FISR/2 - {EH S HERE
(3000K) T » T LARAGHRIZESE) - HoEE IS (BB R T Wl i e &S 7R /2 -




A AT YRR

Maxwell-Boltzmann
speed distribution
function
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