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Abstract

This note is the solution to some chapters(Chapter 2, 4, 6) of {Thermology) ( (#2%) |

Yumin Zhang).

1 Ch2
2.1 (10 points)
a (3 points, final result 1 point) For isobaric process, one have
Vi
W = / pdV = pAV = pV; — pV; = 10°Pa x (2.0 — 1.0)m* = 1.0 x 10°J
Vi

b (1 point)For ideal gas, one have

Vv Vi
c=P" _P

= const
T T;

(4 points, final result 1 point)During the isothermal processT = T;, thus,

Vy Vi oT
W = / pdV = / %dv :inZ—ln(%) =10°Pa x 1m® x In2 = 6.93 x 10*J
v :

v, i

14
19

21

(1)

(2)

3)

¢ (2 points)For isochoric process, the volume will remain the same: dV = 0, thus the

work is zero.
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2.2 (10 points) For isothermal process, we have:

Iﬁ_pV_PiVi

T T T =nR = const (4)
i
Vi Vs
piVi Vi Vi
W= dv = — dV = —piViln - = —TnRIn -~
/V j2 /V v D nVi n n%
w 4500
= Vi exp(— =5.0L - =3. 107°L ~3.1x107°L
= Vi =V, exp( TmR) 5.0L x exp( 293><O.25><8.314) 3.09 x 10 3.1x10

()

Note: The work the system does to the environment is:dW = pdV;while the work the

environment does to the system is:dW' = —pdV .

2.3 (10 points) For the mentioned gas during the isothermal process, we have:

vf Vy
RT Vi—b
W=— AVp=— | dav2 — _RT1 6
/V p /V L nyl (6)

While for the ideal gas, we have:
v/ Vy
RT V.
W/:—/ de:—/ dV== = _RTIn-L (7)
v, v, 4 Vi

Vi—b
Vi—b

. . %
As the volume is getting larger, V; > V;, thus one gets > 7f > 1 and
W< W (8)

means the work is less.

2.4 (10 points) For 1 mol van der Waals gas, one has

(b+ =5)(v = b) = RT (9)

S0,

f Vi RT a Vi—b 1 1
W=-— dVp = — dV(—/—— — —)=RTIn — — - — 10
| v /V (Fog - o) = Flmg—g +alg =) (1)

2.5 (10 points) During the ab process, the p-V relation is given by equation:

50 310
- Yy 22 11
p 3 3 ( )

thus,

Wi Vi

b b 50 310 25 310

Wab:—/ pde—/ AV (=3 V 4 557) x 1007 = 100 x (3 x 21 = = x 3) x 1077
Va a

=-135x107%J (12)



1 CH2 3

During the bc process:

Vc
Whe = —/ pdV = py(Vy — Vo) =20 x 10*Pa x (5 —2) x 107m®* =6 x 1072J  (13)
)

During the ca process, given the volume does not change, dV = 0.

Va
W = — / pdV =0J (14)
VC

And the total work environment do to system in this circuit is:

W = Wap + Wie + Wey = =75 x 1072 (15)

2.6 (10 points) For the adiabatic process, the state equation is
PV = Const = p,V! = psV; (16)

Then the work is:

Vy Vi RVl V-l
W:—/ pdV:—/ vl — _pvo v

v, v, Vo —y 41"
_ piv;'yvf_’v-i-l —piV; _ pr]:YVf_'Y‘H —piVi _ peVi —piVi (17>
v—1 v—1 v—1
2.7 (10 points) For isothermal process, dT' = 0
ov ov ov
W=— dV = — —),dT + (—)7dp) = — —)rd
v == [ oG+ Gomd) == [ o5 1w
m mp 7
= /pVﬁdp = /pﬁdp =71l
p 2p
0.1 x 6.75 x 10712 x 1014 _3
= 5 % 104 J=3375x107°J (18)
Note: 8 == —%(‘%)T is the constant temperature compression coefficient.
2.8 (10 points) (a) If the volume remains constant, we will use cy:
1
Q1 = CyAT = ZmAT = T % 0963 X 10° X 27 120 x 20 = 492 x 10°  (19)
~y .
(b)
Q2 = C,AT = ¢,mAT = Q1 _ 402 % 10° x 1417 = 6.94 x 10°7 (20)
Y

(¢) Since the room is connected with the environment, the pressure and volume remain
constant, pV = %RT = const. Then one has mT = const. And this process will be pressure

constant with the quantity of gas changes.

moT T
Qs = /mcpdT = / % 0cpdT = moyTpc, In ﬁl)
293 5
=1.29 x 27 x 996.3 x 273 X In %J =6.70 x 10°J (21)

Note: The origin comes from our textbook page 43, example 2.2.
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2.9 (10 points)

T .. nA(T} — T} 1.94 x 103 25 -1
Q:/nch:/nA(T)ddT: (17 ) _ 500 x 194 x 10° x (625 —1) . .
D

AT? 4 % 3003
(22)
2.10 (10 points) The heat released equals to that absorbed.
CcopperMcopper (le - Tf) = CwaterMuwater (Tf - T22)
CoaterMuater(Ty — To) 4184 x 103 x 5 x (22.3 — 20)

= Ccopper = = J/ (kg - K

Ceopp Meopper(T1i — 1) 1 x (100 — 22.3) /(kg - K)
=6.19 x 10*J/(kg - K) (23)

2.11 (10 points) For this process, take the gas in the box afterwards as a system, and one

can get the difference of the internal energy of the gas:

And it is an adiabatic process, @ = 0; given the box is small, the pressure can be taken to be

constant; the work atmosphere done to gas is:
W =pAV =pVp (25)

but the gas did no work to the “substance” in the box. As a result, the change of internal

energy is only determined by (25) and one gets the result:

U-Uy=W+Q=pW (26)

2.12 (10 points) According to 1st law of thermodynamics, one has

U — U = Qis + Wiy = 50J — 20J = 30J (27)
(a)
AU =W +Q = —-5J+Q =30J
Q =35J (28)
(b)

—AU =W+Q=10J +Q = -30J
Q = —40J (29)

(c¢)There is a paradox between the main stem and sub-stem.
Note: In AU = Q@+ W, Q is the heat absorbed from the environment and W is the work

environment does to the system.
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2.13 (10 points)

ou dp dp
=(—)y=C—-Bp— BT(—= Ap(—=
And, for dV = 0:
V=VWV-Ap+ BT
= dV = —Adp + BdT
Op B
= (87 v="g (30)
Then,
B2
Cv:C—Bp—TI—I—Bp
B2
=C-T— 1
c-T= (31)
As for C),, one can get:
1
H =U+pV = CT = BpT + S Ap* + pVy — Ap” + BpT
1
=CT +pVy — 5Ap2 (32)
OH
Cp = (ﬁ)p
—C (33)
Thus, the difference between the two heat capacity:
B2
Cp—Cv =T— (34)
Note: one can get the differential form of enthalpy using Legendre transformation:
= dH =dU +pdV + Vdp
=dQ + Vdp
OH
=CdT' + Vdp (35)

2.14 (10 points)

2.15 (10 points) It is a (p, V) system, where all of the parameters of thermodynamic state

can be expressed by functions p, V'
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AU = dQ + dW
= dQ — pdV

= dQ = pdV + dU

oUu oU
=pdV + (W)pdv + (yp)vdp
oU oU
= (afp)vdp +(p+ (W)p)dV (36)
(b)One has
1 0V
o= V<87)p
1 0V
B = _V(%)T
ov.,. oT 0
(ﬁ)p(afp)v(%h =-1 (37)
Then, take U = U(T,V)
oUu oU oT oT 1
(Fp)v = (ﬁ)v(%)v = C'v(afp)v —Cv(%)p(%h
(5%
=ovt (38)

(c)Let us set dp = 0 for an isobaric process and choose (p,T") as parameters of thermo-

dynamic state:

1Q = (p + (3}, )dv
oU oV ov
= C,dT = (p+ (W)p)((?p)po—F (ﬁ)pdT>
oU oV
=+ (W)p) 67>pdT
U, G,
~ v T e,
Cp
G, (39)
2.16 (10 points)
Cvm = (g%)v =c (40)

And the enthalpy is

H:H(p,T):u—FpV:cT—%—l—pV (41)
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Thus,
OH a ,0v v
Com =(55)p = — (5= — 42
p, (8T>p C+U2(8T)p+p(8T)p ( )
And use the equation of gas state:
a
oT 1 a  2ab
= (), = —(p— — 4+
(81) )p R( U2 U3 )
Ov R
—)p = 43
S (13)
And one can get C), ,,:
RT R
Com =t 2y 2
n R2T
= C 5]
po—0) -~ (5 - 2)+ 2 - =
n R2T
=cC 2 2
(p+ 1%)(’(1 _ b) _ 2ab 741a)l§v+2av
RT
=Cc+ ——"—% 44
RT — 242 (>
2.17 (10 points)
AU = Q51+ Qo->100 + Q1—>g — pAV
= Lim+ CmAt + Lam — pAV
= (3.338 x 10° x 18 x 107% +4.184 x 10 x 18 x 107% x 100
+2.257 x 10°% x 18 x 1072 — 1.01325 x 10° x 0.018 x (1.673 — 1.043 x 107%)).J
=5.112 x 10*J (45)
As for the change of enthalpy, the pressure remains the same:
AH = Qs>+ Qo100 + Qi—>g4
=5.416 x 10*J (46)
2.18 (10 points) (a)
RT
W= [ pdV = 7dV:RT1n2:RTi1n2 (47)

since dU = Cy,,,dT" = 0, the change of the heat equals to the work, thus the heat absorbed
equals to RT;In 2.

(b)

Wz/pdv:pman (48)
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1 CH2
And the change of the internal energy is:
Q—W:AU:/CVdegRAT: ?(21}—1}) =
5R;
(49)

= Q= 5
(50)

SR Vi -V
2 PR

(10 points) (1)During the isobaric process,
(51)

2.19
W, = /pdV =pAV =p(Vy = V)

Q1 =W1+CyvAT =p(Vy = V;) +
(52)

7
= §p(vf - Vz’)
Wy _ g

Q7

(2)During the isothermal process ,dU = 0, thus
Wy 1

(53)

o0
(54)

(10 points) (a) During the isobaric process,
Q=W + CymAT = pAV + CymAT = (VR + Cvm)AT
) x 120cal = 3.00 x 10*cal = 1.255 x 10°J

2.20
1000
(55)

1000
— X 2
R X 245X 5

= (

(b)
1000 .
AU = CymAT = KT X 5 x 120 x 4.184J = 8.966 x 10*J
(56)

1
IV:pAV:uATZA%?x2x1%x4lMJ:35%x1WJ
(57)

()
(d)If it was isochoric process, one has dU = CydT = d@Q and then

Q = AU = CymAT = 8.966 x 10*J

2.21 (10 points) During this process,
CydT = dU = CdT — pdV
oV
=(C = p87T +Cv (58>
And according to:
pv2 — a2
pV =vRT (59)
ov 8p) __a 2°RT
v 2p% a?
(60)
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Thus,
C=Cy—-vR (61)
As a result,
Cpm = ———— (62)

The meaning of the ¢, ,, is the heat capacity per mass of unit amount of substance.

2.22 (10 points) For 1mol van der waals gas, it has the equation of state:
a
(p-l—;)(v—b) = RT (63)

Then for the adiabadic proccess, dQQ = 0 so that dU = dQ — pdV = —pdV.
As:

dQ — pdV = dU =TdS — pdV

oS oS
=T((==)rdV —)vdT) — pd
((aV)T + (aT)V ) —pdV
oS oS
*[T(W)T —p]dV‘FT(aT)VdT (64)
and because dF = —SdT — pdV, given the dF is a total derivative, there is no curl.
oS Op
_(W)T = —(87)\/ (65)
This is one of the so-called Maxwell relations.
And one has
oS
Cv =T(5m)v (66)

Then one can derive the expression of dU during adiabadic process:

) )
—pdV = dU = [T(a—?)v — pldV + CydT = [T(a%)v — pldV + CydT

R
= CydTl + [Tib — pldv = —pdv
v —

v —

= lnT+£ln(vfb):C’1
Cv

= T(v—b)% =C (67)

2.23 (10 points)
dU = CydT = —pdV
1
= —pdV = CVE((V —b)dp + pdV')

Cy Cy
L+ = ypdV + =LV — b)dp =

= (L+ 5 )pdV + - (V — b)dp = 0

= (™ (V- )=

= p(V-b)'*ev =C

or T(V — b)% =C (68)



1 CH2 10

2.24 (10 points) For the ideal gas:
pV =vRT = dT = %(pd‘/ + Vdp) (69)
and
C,—Cy =vR (70)
For this specific process:

dU =CydT = dQ — pdV = CdT — pdV

Cy —-C

V= (pd dp) = —pd
:>Cp_CV(p V 4 Vdp) pdV

Cy—-C Cy—-C

1+ ——)pd — — Vdp =
= ( —l—Cp_CV)p V+C’,,—CVVp 0
= (Cp,—C)InV + (Cy —C)lnp=C,4
=pV i = pV" = const (71)

_ Cp-C
where n = el

2.25 (10 points) (a)For the right gas, it is an adiabadic process, thus: pV? = pyV] and for

one-atom gas, vy = %

. o 290V0V
W——/pdV——/ Vo dVv

_mwmﬁﬁfwﬂ):mw—m%

1—7 v—1
PV — ol 1018 x 10° x (7.59 % ()F — 1) x 5 x 1070
- v—1 B 51
=1.025 x 10*J (72)

Dr,0\ ~
Pr, =) Vio )
T = PrsVrs Tpo = MTW _ (Pnf)lem
pr,oVr.,o pr.,ovr,o Pr.o

= 7.59'7% x 273K = 614K (73)

(c) The left pressure equals to the right and the total volume remains unchanged.

Vi T 2‘/7’ - ‘/r T
_ Vi P 1 (2Vio ,f)TnO _oPuiq 7,
pz,on,o pr,ovr,o DPro

=2 X759 x 273K — 614K = 3530K (74)

T ¢

(d)Since the total gas remains the same volume and the heat absorbed by the left gas

equals to total heat absobed, which also equals to the change of total internal energy.

Q = AU = AU[ + AUT = I/(vamAT'l + CV,mATT)

54 3
=391 X 3 x 8.314 x (3530 4 614 — 2 x 273)J = 1.08 x 10°J (75)

where Cy,,, = %R.
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2.26 (10 points) (a)Since the exponent of adiabadic process v is 1.40, one gets:

mV. 0.01 x 5 x 10-3
=7 =1.180 76
W\/: \/1.40 % 1.013 % 10° x 105 5 (76)

(b)This is a harmonic oscillator. And the k is

k=~A22
Ty

Then, the work the elastic force does is:

L L 1
W = —/ fdxr = —/ kxdr = ——kL? (78)
0 0 2
And the work the gravity does is:
W' = mgL (79)

And the total work equals to 0, thus,

2mg  2mgV 2 X 1072 x 9.8 x 5 x 1073

L= — —
k vA2p 1.40 x 10—8 x 1.013 x 10°

m = 0.691m (80)

2.27 (10 points)

16.65 x 103 x 5270 x 10~
’ =12 1
) 956525 x 107 x (@01 x 1012 ~ 277 (81)

(2£)2mV — 2m
T’ pA2  10.834

’}/:

2.28 (10 points) For the Van der Waals gas, one can get the equation of the inverse curve

from our textbook:
2a(v — b)?

T = 2
Rbv? (82)
And use the equation of state for 1 mol gas:
a
(p—l-ﬁ)(v—b) = RT (83)
One get:
~2a(v—0b) a 2a,1 b a
P= e V2 b (v v2) 02
Op 2, 1 2b 2a
G)r=3 T s
=3b
4a a a
= Pmaz = 735 T 75 — 519 84
P 92~ K2 32 (84)
2.29 (10 points) The maximum inverse temperature can be given by appointing p = 0:
p=—21+544T —0.132T* = 0
=T, =36.9K,1T, = 431K (85)

So the maximum inverse temprture is T'= T = 36.9K
(b)p is a quadratic function of T:
% =0=15.44—-0.264T =0 =T = 20.606 K

= Dmaz = 35.05atm (86)
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2.30 (10 points) According to our textbook,

22 1.013x10° x 2 x 1.35 x 10~°
Rb 8.314 x 3.1 x 105

Tima:c -

K =1.061 x 10°K (87)

2.31 (10 points) For this cycle, the total work the system does to the environment is

B C
VVloop = WAB + WBC = / pdV + / pdv

A B
B
RT Vi
_/ 7dV_|_pB(VC—VB):RTBInV—B—|—]9B(V0—VB)
A A
RT
:}Hbm2—455 (88)

while the total heat abosorbed can be divided into 2 parts: CA and AB

Qabsorb,ioop = Qca + Qap = Cvm(Ta —Te) + (—WaB ados)

3R Y
=Cvu(Ta —Tc) +Wap = 7<TB - %) + RTz1n?2
3R
Thus, the efficiency is:
Wicop In2 — %
= = = 13.38% 90
7 Qabso’r‘b,loop In2 + % 0 ( )

2.32 (10 points)
Proof:

1st, calculate the total work the system does toenvironment:

Wicop = Wig + Wag + Way + Wy

2 3 4 1
—/ pdV+/ pdV+/ pdV+/ pdV
1 2 3 4

2 4
V’Y V’Y
- [ B mti— e+ [ BV - )
vV, -V VT -V
= Pl‘/ﬁ% +pa (Vs — V3) +P4V4741ffy3 +p1 (Vi = Vy)
Vo — p1Vj Vy — p3Va
=2 i D P B 3"‘(103‘/3—192‘/2 +p1Vi — paVa)
-7 -y
R(Ty, - T, + T, —T:
:”(Q]i?4 3MWME+R—B—E)
- "}/I/R(TQ - T1 + T4 — T3)
= T
v—1
2nd, calculate the heat absorbed:
Qloop,absorbed = Q23 = Cp(T3 - TZ)
VR
= -y (92)

v—1
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where we use the following relations:

Vi = paVy'
]93‘/};7 2194‘/:17
sz’y _h vy L

R 93
Vil p’VY p m 93)
and
Cp — CV =vR
_ G
=
YR
=C, = 94
p y—1 ( )
and the equation of state.
Then, one gets the efficiency:
Wioo T3 —To+ T, — T T, — T,
= loop _ 13 o+ 13 4 _q_1a 1 (95)
Qloop,absorbed T3 - T2 T3 - T2
2.33 (10 points) One can get :
p1Vi = vRT, = vRT; = p Vs
p3Vs = vRT3 = vRTy = p,V,
Vi=Vy,Va=V;
= P1P3 = P2P4 (96)
2.34 (10 points) For Carnot cycle, the efficiency is:
Tcooler 14
=1- = 97
K Thotter Qabsorb ( )
(a)
According to our textbook, the origin work is
Vs
WO = Qabsorb - Qrelease = VR(Th - T1l) In V (98)
4
And later, the work is:
/ ! ‘/3
W' =vR(T; —T))In — =2W
Vi
=T, =2T), — T, =2 x 373K — 273K = 473K (99)
(b)Thus, the efficiency is:
T, 273
po=1-t=1-2"_-1423% (100)

T, 473
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2.35 (10 points) The work environment did in the loop is:

b d
vRT, vRT,
W=— [pdV— [ pdV =— av — av
L K A Y A
V.

=vR(T, —T;)In—= (101)
Vi

And the heat abosorbed is

Va
Qabsorb = ch = VRTd In Vb (102)

Thus, the coefficient is:

_ Qabsorb _ Td _ T2
w T, - T, T —1Ty

€

(103)

Note: Here we have ignored the heat absorbed during process da and process bc because
there is a so-called regenerator during the loop in reality and the heat absorbed and released

in the isochoric can be considered as the internal heat exchange.

2.36 (10 points)

2 Ch4

4.1 (1)According to p = nkT:

o 1.0 x 101325Pa
T RT T 138 x10-2J - K1 x 300K

=2.45 x 10*m~* (104)

(2)The average volume of oxygen molecule is % and the molecule can be taken as a cube.

Thus, the average distance is
d=> \f = (;)%m —=3.443 x 10~"m (105)
n 2.45 x 1025 )

_3KT 3 x1.38 x 1023 x 300
Ey=—-= 2

J =6.21 x 1072'.J = 0.0388eV (106)

4.2 (1)Since p = nkT and p, T are same, so the desity of the number of molecule equals.

(2)m = pV = p, so the masses are different.
(3)er = 2L, Equals.
4.3 (1)
D 101325 _3 19  _3
=— = =1.968 x 10 107
"TRT T 138x 10 X373 e (107)
(2)
1 1 S8ET 1 8 x 1.38 x 10723 x 373
= -—nv=- - 1. 125 72.71: 924 127 -2 1
1= 4>< 968 x 10 X\/WX18><1.67><10—27m s 3.249 x 107"'m™" - s

(108)
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(3) For the saturated vapor, there exists a state of equlibrium. So,
["=T=23249 x 10*"m 2. s7* (109)

(4)

€ —

3kT 3 x1.38x 1072 x 373
2 2

The energy needed for evaporation per molecule is:

J ="7.721 x 1072*J = 0.048¢V (110)

e = Lmg + pAV = 2250 x 18 x 1.67 x 10727 x 10%.J
+ 101325 x 1670 x 1075 x 18 x 1.67 x 107**J = 7.272 x 1072".J = 0.454eV. (111)
One can tell the energy needed for evaporation is much larger than thermal motion.

And if one heats the system consistently to, say, 1000K, the outtermost electrons of the gas

molecule can escape, which is called thermionic emission.

4.4
4.5 (1)
0 2x14+4%x24+6x3+8x4+2x%5 -1 1
= . = 3.182m - 112
v 2+ 44618142 mes s (112)
(2)
= 2X1244%x224+6x324+8x42+2x 52
2= cs7h=337TIm - s7! 113
v \/ T Ar6 1812 m-s m-s (113)
(3)
v, =4m s~ (114)
4.6
Ny = Avf(v1) (115)
N2 = A’Uf(’l)g) (116)
Thus,
N f(v m(v? —v2) v? 2 x 1.673 x 10727(30002 — 1500?).J
-1 ( 1) _ exp(— ( 1 2))% :46Xp(— (723 ) )
Ny f(vg) 2kT v3 2 x 1.38 x 1023 x 300J
= 0.261 (117)

4.7 For the adiabatic process, d@ = 0 and U = u(T)V = 3pV

3d(pV) + pdV =0

4pdV + 3Vdp = 0

In (V4p3) =C,
pVi=C (118)
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4.8 (1)

m 3 o

fw)dv = (27rk:T)§U e T du = f(x)dx
dv m s ma?og
= — =4 " \agp2pleT TmT 11
= fla) = o f(v) = dmv,(5—5) Fatve (119)
given that v2 = 25 one has:
2kT s m 3 ma?  2kT 4 2
:4 2 5272T"m :7271’ 12
fla) = am(ET) 3 (I b Tt (120)
(2)
m mv?
fw)dv = 47T(27rkT)2U e 2T dv = f(eg)deg
:}f(g ) e 47'['( m )%,U2€* Vznkvi% dl — 7'('( m )21}267 72711:]’1f 1
F 2nkT dey, 2wkT 2mey,
m 3 26k 1 _fk fk
=4 2 7 T — e 121
7T<27rk:T) m 2m6ke f(kT)sfe (121)

Hint: one should think about the conservation of probability: f(z)dx = +g(y)dy(for

one-dimension).

M)

2e-%

4.9 According to 4.8, f(x) = %x e 7,

4
/f dm—/xe:”dx—0233253 ﬁ20.5264

= n = 0.5264N (122)

Using Mathematica, one can compute the integeral.

4.10 Using p = poe~ #r :

T Ny x 278.15K
L kT Po_ kN4 x27815K | 760 , .0q, (123)
mg  p 28 x 1073 x 9.8N 590

mgz

4.11 According to n = nge” *7 , when n comes to %noz

kT RT 8.314 x 300 ,
p= o= 2= O TR 0 = 6.083 x 10°m (124)
mg g 29 x 1073 x 9.8

4.12 The distribution of classical particles in a given potential obeys Boltzman distribution,

whose probability density (separating its kinetic terms and considering only 1-dimension) is:

f(z) = —e *r (125)
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Thus, the average potential is:

mglL
/ f(z)mgzdz = omg ze_ RT 7z = M re “dx

0 Nmg J,
mgL _mgL
— (1 - (14 —== T
1_e,k_T( I+ =7)e” )
L
= kT — e”;;g—1 (126)

As for the average kinetic energy, it is the same as what we are talking about as usual:
3kT

4.13 (1)

SkT _ [SRT 8 x 8.314 x 373
Y e \/ . MO0 sl = 198.41m - 5L (128)
7 % 20059 x 103
(2) Using p = nkT,

1 1
AN = JnoASAt = Z%””( N
1 37.33
= 198.41 1 x 1075)2 .
17 1385 10-5 w373 < 19841 xm x (0.1 x 107%)" x 3600%

= 4.068 x 1021

and

AN
AM = ——p = 0.01356g - h™* (129)
Ny

4.14 Given that the temperature remains constant, the average velocity remains unchanged,

too.
1 N
VAL
InN = ———
= In G +C
= N = Nge~ & (130)

Hint: It is very similar to the last problem in our first quiz.

4.15 Proof:

- 1
mu %z/dvxdvydvzf( )—m i

EIc.,:c =

m(71m+1)§+7lg)

3 — 2 131
m<27rkT> /dvidvydvze v (131)

N — N~
3

Using fdvye’% = \/%—T [ dze " = 2T\ /7 and
[ dvye=5F 02 = ((/BL)8 x 9 [ g2e=2"dy = 2, /BL)3L [ ap/ie~t = (/2L)1(3),

one has:

P ) = fsz Y m= (132)
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4.16 For hydrogen gas in 300K, the heat capicity 1 mol is about %

S5RT 5 x8.314 x 300

Utty imol = —5— = 5 J =6.235 x 103 (133)
which is same for 1 mol nitrogen gas.
As for 1g hydrogen gas and nitrogen gas:
5mRT
Uty g = oo™ = 3118 x 10%J
21
5mRT
Unyig = mﬂ — 222.70.] (134)
2

4.17 The gas molecules run from one box to the other :QQ = Q1 + @2, but there only one
kind of gas in the two box, so @ = |Q1 — Q2], because you cannot tell the ascription of the
gas from large scale, but you do find the number of molecules decreases in one box while

increasing in the other.
TN TG NA T 4kTNL N Tm 4RT -
pAp |8RT
Q: = =t
4RT s
lp1 — p2|Ap [8RT
4RT T

=Q=01+Qx=

(135)

4.18 (1)4-atom molecule: there always 3 degrees of freedom for the translation of center of
mass, 3 dof for the rotation of com, and (3 x 4 — 6) = 6 dof for the relative vibration between
atoms.

Or equivalently, r=t=3, s=6.

(2)

1
Com = 5(7’ +t+2s)R=9R (136)
4.19 (1)t=3
3kT
€ = —— =621 x 107217
kT 1
o= L s 10Pm s = 1782 X 10°m - s~ (137)
T™myg, /2
(2)r=2
2kT
& = —— =kT
T
e 1
% =5 21w r? (138)
Using p = %mH2 =mpyg and r = g, one gets:
kT x 2
W= X2 9233 x 108 H > (139)

de2
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(3)t=3,r=2,s=1: but in 300K the vibration freedom has been frozen, so,

1 5R
Cvom = §(t+T)R: 7
Cp.m R 7

v Cv,m * Cv,m 5 ( )

3 Ch6

6.1 (1) Given that this captivity has water moisture and other ordinary gas above liquid

water, one has:
P1 = Pgas + Pmois = 3atm (141)

And V;— > 2V} with temperature constant, pyqs— > %pgas, while p,,.is remains constant.So

1
p2 = pmois + ipgas - Q(Ltm (142)
Solve these two equations:
Poas = 2atm
! (143)
Pmois = latm

Since the moisture is water moisture, that the saturated vapor pressure equals to latm means
the temperature equals to 373K.
(2)The water has been fully evaporated, so the following process is just like the ideal gas:

V—> 2V and p— > &, which means p; = ip, = latm

6.2

Au = Lm — pAV = 8.63 x 10° x 4 x 1073J — 1.013 x 10° x 0.607 x 4 x 1073J = 3206.04.
(144)

Hint: recall problem2.17

6.3 (1)For this kind of gas, when it comes to liquefaction with temperature constant, pv

remains constant:

0.027
ve =" = —m® = 6.75 x 107'm’ (145)
pe

(2)when the liquefaction ends,

== = ng =6.75 x 1073m? (146)

PgVs + prvp =m m 0.027
’Ug = O pl

v+ o =m v, = 9.87 x 10~ *m?
{pg Frp N { g (147)

Vg + U = Vgotal v = 1.28 x 107°m?
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6.4
Q = Au+pAv=_Lm (148)

let us assume the mass of gas is m, then the proportion is:

_ pv 101325 x 10° x 1.65m
"= Tm T 539 x 105 x 4.184m

=0.0741 = 7.41% (149)

6.5 According to Clapeyron equation,

dp L
dT T(v; — vs)
LAT 3.34 % 10° x (—1)
= Ap = = Pa = 1.352 x 10" Pa ~ 133.4at
D= Tlo, —vs) 273 x (10~% — 1.0905 x 10-3) " e amm
(150)
So the outside pressure is 134.4atm
6.6 Similar to the last problem,
d L 24.5 x 103
p - Pa/K =1.33 x 10"Pa/K (151)

ar T(v — vs) 600 x (10.651><103 - 11.011><103)

So AT = ApdL = LOXIOT=LUSI0’ [ — (.759 K, and thus the new melting point is To+AT =
600.759K

6.7 Using j—; =7 Livs) ~ g—é’, = T#,(here, we have ignored the volume of solid matter) one
gets:
LdT
'Ugdp = T
take the gas as ideal gas:
RTdp  LdT
p T
L
Inp=——+C
= mp=prt
1 L +D (152)
I =
o8P = T9 30RT
So 54— = 6800 = L = 2.30 x 6800R = 1.300 x 10°.J /mol.
6.8
drT Tv 373.15 x 1.671
AT = —Ap~ —HEAp="—"""""x1 133.3K = 0.368K 1
o D 7 Ap 596 % 106 x 10 x 133.3 0.368 (153)

So the new boiling point is about T'+ AT = 373.15K + 0.368 K = 373.52K

6.9
dp L L
ar T(vg —w) Tivg
Ap 3 x 133.3

dp
L=Tv,— ~Tv,— = 1.671 X ——— =22 106 154
= e Vo AT 373 x 1.671 x 011 J/kg 66 x 10°J/kg (154)
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6.10 We should consider the temperature-constant model for the gradient of pressure and

using Clapeyron equation to describe the relation between outside temperature and pressure.

Then take the gas as ideal gas.
dp L pL

dT ~ Tv, RI? _dp _dpdT _ pmg
dp pmg dz dI'dz kT
@Z_sz_nmg:_kTO
dT pmg RT*>  mgNaT?
dz kI, pL  T,L
= —;——mijjzA(z—zo)—l—C
1 1 mgNa 1 mgN 4

= — = =
T Tsealevel LTO : 373.15K LT}) “

(155)

6.11 For l-order phase transition, the chemical potential, pressure and temperature remain

constant:

dp =du —Tds+ pdv =0

= du =Tds — pdv
LdT InT

:Au:TAs—pAv:L—pT—dp—L(l—H)
where we used Clapeyron equation:Av = %.
6.12 Refer to our textbook,
Te= 2$§R N .= ><217.3;53>.<11>0<_160>—<51.XO:;%)):;;;OSK = 15722k
Pe= 5 pe = 1'352; io(; 1XX1'100135; 19 p = 5.27 x 10°Pa = 52.02atm

Note that one should set 1mol.

4 Reference

P M. dest: Bl REE, 2006.

P (M. B8 P EBREEEOR R AR, 2014.5
ARG B M. SRR HEREER AR RS R, 2005
W%, gitwE (M) dbe: @S EE HH:, 2012

2
>
£ |
R E

(156)

(157)



