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Lunch . Afternoon work ; .

I bicss ' '- (4 hours) ' '
(1 hour) ﬁ- e W=43 X 10°]
Q:ﬁﬂx[@%/~- W =07 x10°]

Dinner

Morning work | * (1 L) /

(4 hours) |
;f- We=43 % 10%] 0 =635 % 10°] % W=0.7 X 10°]
Breakfast -\ O =N
(1 hour) - (1 hou‘r] | =
0=50x10°] \ W=07x100] | /-- W=2.1x10°]
Sleep | - Studying, =
(8 hours) ' watching TV | -

| W=720% 10°] 4 hicies) = W=17x10°J
\\ Totals: //

0= 16.5 % 10°]
W=165 % 10°]
A= D —W=90
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Adiabatic Demagnetization

No magnetic field
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Entropy, S
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With magnetic field

Temperature, T
(=3 a

C. Rose-Patruck, Brown Universiy, 7-Jan-99, Chem 201 81
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® =75 = (heat capacity) 2 —E EHIY)
EAE—ERE MRE ﬁmlf AR
LISIE@ME FfF9RCRR » B E
J/K
OEE??Z*&E—/A\)?% HEAE = » e
» SIEEAI &)/ (kg-K) °
WM#TE@M%% I ERRARE > H
~F9TC, R 5 ¢, ERRELEN -
0%§1IM¢TEI@M4§$%ﬁE§$@ > H
~F %ﬁcvﬂ%ﬂ_\‘ ° CVE%SEE??\\ °

)

O=CAT = C{T}r_ 13),
O =em AT =cm(1,— T;).

O = Lm.

Molar

Specific

Specific Heat Heat

cal J J
Substance g-K kg-K mol-K
Elemental
Solids
Lead 0.0305 128 26.5
Tungsten 0.0321 134 248
Silver 0.0564 236 2355
Copper 0.0923 386 24.5
Aluminum  0.215 900 244
Other Solids
Brass (0.092 380
Granite 0.19 790
Glass (.20 840
lce (—10°C) 0530 2220
Liquids
Mercury (0.033 140
Ethyl
alcohol (.58 2430
Seawater ().93 3900
Water [.00 4180




ERLEERFIRIFI T 2B NFIFEER AR - Al T
/b > BRI A TR T AR E Tl Ry 2 (latent heat) -
B TER F A i RS U R W A RE AE R AH B - 1 e — P -
JeEn ] LIRSy Se D 2Oy e - At e sae IV B Y
HIREGE T A SR DR - Bl /Ert(Eb)EE W22 CRib)
8RN RIERFE m R RIBE T T /2 s Bz S A

O = Lm.
Melting Boiling
Substance JKEE(K) B EBALe (kI/kg)  BEE(K) JRABEN Ly, (k/kg)
Hydrogen 14.0 58.0 20.3 455
Oxygen 54.8 13.9 90.2 213
Mercury 234 11.4 630 296
Water 273 330 33 2256
Lead 601 23.2 2017 858
Silver 1235 105 2325 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:

O, = Cicem(Tf =
= (2220 J/kg - K)(0.720 kg)[OGC — (—-10GC)]
= 15984 J = 15.98 k.

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

Warming the liquid: Qi = 0+ O, + O

Q3 = ﬂ]ian(Tf - Tf) o 300 kJ
= (4190 J/kg - K)(0.720 ke)(15°C — 0°C)
= 45252 J = 45.25 kJ.



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

Ot =01+ 0, + 0
= 1598 kJ + 2398 kJ + 45.25 k]

= 300 kJ.
Ot = 01 + O
= 1598 kJ + 239.8 kJ
= 256 kJ >210KklJ
210 kJ —13.98 k]l = 194 kJ
O 194 kJ
m o= e = 0.583 ke ~ 580 g.

Lr 333 kJ/kg

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

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



i H R 7 Sg RIS BRAT B e == RS TH I M 312°C - 2% it

FIIRZE A & HE & 220g/KAV I EE LR T
45cal / K » ZKFIEERRINHI4E RS F512°C

1o BEMHVEVE =R
> (B > JEMAAIK

PR F Tl H/KA 3% > ST EAEECH N R ERdm e

for the water: Q,, = ¢,m, (T, — T):
for the beaker: O, = C,(T,— T)):
for the copper: Q.=cm (T, — T).

']}:

c.m. I + Gl + ¢ ,m,1

Ciltty, T+ Oy camn,

Qv+ O+ 0:=0. cm(T;—T)+ CT;—T) +can(T;—T) = 0.

(0.0923 cal/g - K)(75 g)(312°C) + (4
+ (1.00 cal/g- K)(220 g)
(1.00 cal/g-K)(220 g) + 45 cal/K

5 cal/K)(12°C)
(12°C) = 5339.8 cal,

+ (0.0923 cal/g- K)(75 ¢) = 271.9 cal/C®.

5339.8 cal B
T. = = 19.6°C = 20°C.
T 271.9 cal/C°

0O,, = 1670 cal,
Qb = 342 cal,
Q.= —2020 cal.
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the Boltzmann constant k. which is defined as R=SAHGF

R 831Jmol-K
N,  6.02 X103 mol™!

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

Mok HE k = 1.38 X 10~2 J/K.

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

pV = NkT (ideal gas law).



W, work)f %
FI(F) T LA 2 (1 7 1 firf (o) - ELEE T AR EL() -

dW = pA dx.
_ System dx
P=F/A N >
=pA ' A
dV=Adx |
dW=pAdx Force that system
dW—pdV exerts on piston

.V,
W = / pdVv
Vi



- Insulation

HRESRAG

dW = F -d5 = (pA)(ds) = p(A ds) i‘ég 3 «
=pdV, ;

A ERD oslies s }Y
Vr < BRiATE IR
R WIRGITE A AR B SRR - B -

S HAITRRT I KRROTIIERE e
PHGEFATE - FTLUEBA A REER | et oot

S TW - .
pV="H & -
EEHH AR

A M AL D EEBRL TR
AR RS S
v _ v
2l . 1 3|
i) | Process 2 ’ - & 7
- | e
I £ * :
| W>0
| 7 | f F
l W =0 l : | | W>0 I

10 Volume 0 e 0 Volume



g 0KV KELOORCHTRRE [ s 1007ECH AR A,
SFRRANNE s REREEALA RS - A8
TEDIBIT © #%700.001 m3EiE u1.67 m?® - 353t/ (EBIEE t(a) &
RSN - (b) 2SRRI () AL -
QIFEERET v
W = pdeJ.de(l@—‘L{)
Vi Vi

= (1.01 X 10° Pa)(1.671 m> — 1.00 X 107> m?)
= 169X 10° J=169%k].

Melting Boiling
Substance JKEL(K) (B Ly (KIkg)  SRHE(K)  RARZY L, (k/kg)

Water MU 333 273 2256
b);ALEN e
_a (O

= 2256 kJ = 2260 kJ. = 2090 kJ = 2.09 MJ.
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pV =nRT R =831J/mol-K.
V= NKT k=~ =138 x 10-3IK L=?hﬁ;f
p NA = . 4 : ::E' e

|

p =nRT— i oy, e
v e

Vf v
W:JdiV 1v:jf”Rwa
v w W @T@@&

Vf Vf
‘V:HRTI £%1=HRTPHV].

~ 7=310K V; o
W = nRTIn — R E TS
T=300K V.

e W =pAV
R EE




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

BrfE>2Tf - pands at a constant temperature 7 of 310 K from an ini-

{515

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?

W =nRT1 i
= n HV

i

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

19 L.

(3
(10K) In—7

= 1180 J.

Pressure (atm)

3.0

10 20 30
Volume (L)
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ARV ZAGR T
m"'zj’_"t_?_. / Apl - (_"”V,r) - (””*’I) — —ZF?Il»’_,L,.
L % Ap. _ 2mv, _ my? P A7 /dr
/ / At 2L1v, L
i L
— Fr . HIV:E-]/L = I‘??V%g/L + - + J'HV%N/L
P 12 12

I

B (F)(V%] vt v,

We can replace that quantity by nNa(v3)av,. Where ( v?;)avg i1s the averag_e

value of the square of the x components of all the molecular speeds.
nM(v?)
P = V

avg

. nmN,
pV = nRT P = 73 - (“"’%)avg‘




V= KL | oo U- K= 2PV =2 0T
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pV =nRT P = v




V=W KT ol Us K 27V =4 T
:“RT ,PV._-_-_._;.U
\ 2z 3 EE7FE{?E@EI/\]WAEU
= — - =Pk e RS AE
Al o T wrmmmeny
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S— T2 fzﬂ_ #—2'.;: 3RT )
K- 5 m(Ve x3) Ptk = Tw
v - 2 = | .2 I
K=NE=N-Z"% Uras =4 v [ =, [
3 M {T_L = 3RT L
— = nip™ W« ﬂ X
= r
g ':J-_--;. _ > F\/ ;//,_ /
=P - nM(v?)
| x/avg

pV =nRT p = v




nmiN, nM(v)
P = [E V )aug P — V e _ ,’?M(V )a\.g
) 5 Y2
2 =yl fopd 4 p2 V2 = 2y2, nMv2._
P= 3y
— root-mean square
\J(V“)avg — Vims  speed of the molecules
RLFHY T IR R
pV = nRT 3RT
a Vims — T
”M""“Ems M
pvV =—— -
3 _M%f'é v b IR SR

TE T SRR 77T Y B AR
m%“*%%)‘ﬁé’]/mE



at room temperature, the rms

Molar speeds of hydrogen and nitrogen
Mass molecules are 1920 m/s and 517
(1072 Vs m/s, respectively. The speeds of
Gas kg/mol) (m/s) sound are
Hydrogen (H,) 2.02 1920 1350 m/s and 350 m/s,
Helium (He) 4.0 1370  respectively.
Water vapor
(H,0) 18.0 645 fEZM [ > SAIEST THIrms R
Nitrogen (N,) 28.0 517 Eﬁ\%”?\%1920 m/ sf1517 m /s ©
Oxygen (O,) 32.0 483 47 R F51350 m/sF1350 m/s o
Carbon dioxide
(CO,) 44.0 412
Sulfur dioxide 3RT

(SO,) 64.1 342 Vrms M
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% Na) (’&)T U(—ﬂ Nw= N( 2T)
.3
=3 N T [3RT
Vims = 7
Kﬂvg = (1 my )a\.g E ﬂ(l’ )’HE %”Tvins-‘
3 2
Ko = () ‘ff avg = QRNZ Kavg = 3kT.
RS m ST | FrA B RAS - - e S0 - B 7H
GV~ RE - Bl ﬁiﬁﬁ/ﬂ”iﬂﬁﬂlf]/ﬂnrﬁ# P2 Al
= VAL EAEE




SR AR B AR 2N S S RV EE

ANELGeHEBN ARG > BEE AR T
EERGZRIR > o T VB = /2 DAR R IR E (NA=6 x 10%) RyEt
BEAL - EHAVEERK T @ FRALERPE A A e iEliE
— ([l o8 > KA MY - (H 2 R A Eham Al
SPHERIRES o I —REEEY JIEAR - FiEES R B
m%%%m% R - B EIRE A BRIVER - BN
TP A DU — B AR B(RH R T Tal 2 A R R A G AR
IR ISR 2458 » AR R A ER AR RSB0 \€FETE§E§’
BEALZRE (m,v) » BERESEREA ISR (PVT) AT © AIIESR

i%@ LA U Y T SR B R A HT SR 4, T — (B HY

A BRI BCD) Rytat TR St e fe Bt 7 —{EHRYAHY B

Y\Nl‘r

il de



U(T) = 2NkgT )= ZaRT

/ 3RT
V — —==
rms M

I < . s I 2 |l by
Kﬂvg — (E-"”"’ )avg o i"”(l’ )avg — 3 MV iys

ARY 3RT e
Kue = Gm) == Ko = 55— Ko — k1.
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