1. Since the heating takes place at constant pressure, the proper quantity
to use is

_(0H\  d A [f o
Cp = <8—T)P = HU+PV] = - [§NkBT + Nk:BT] — (5 + 1) Nkg

We then calculate the flow in terms of number of particles per unit time
from

+2 dN 1 dE
E =CpAT = (fT) NkpAT = o= Wﬁ
Here dE/dt = 1 kW is the power of the hair dryer. Then make use of
kB Tout
P
(using Tous = Tin + AT = 273 + 22 + 25 = 320 K) which together gives

AV kpTowdN kgTow 1 dE 2 Ty dE

PV = NkgTpw = V= N,

dt P dt P (L2)kgAT dt  f+2PAT dt
With numbers this becomes

dV. 2 320 2.320-103

— == 21000 = ————— =~ 0.0366m>/s ~ 37/ /s.

dt ~ 710°-25 725100 /s /s

2. a) We have the multiplicity

Q:(‘:)w%w

and the Stirling approximation Inz! ~ xInx — x. Together these
give (after noting that certain terms cancel each other out),

ImnQ=NInN—-nlnn— (N —n)In(N —n)

With n n
In(N —n) =In[N (1 — N>] ~InN — N’
this becomes
2 2
Q= NInN-nlnn-NInN-+nhN-4n— " = nln > tn_""
N n N

With x =n/N:

=kplrlnz +x — 27|
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b) We have U = en — (N — n) = const + 2en. Note also that

i@_S =In 1 2.
N Oz x
We then find the temperature
ou  oU  Ox 2¢

:%_%W:E (—Inx — 2x).

c) We get
. 2x 107 1
138 x10-21In10 — 0.2

3. We have Q = CydT which leads to

= 6.9.K.

/ —dT" = / (a+bT")dT' = aT + §T3.
This gives S(T" = 10) = 0.0218 J/K.

4. a) Heat enters at step 2 — 3. Heat leaves in the cooling at step
3 — 1. The isotherm should be close to (well, not altogether
different from) a 1/V curve. Step 3 — 1 should be a vertical line.

b) We have an adiabatic compression which should leave PV? =
PVV7™l o TV77! constant. Therefore

Tlvlv_l =TV, _17 = T\ = Tz(Vz/Vl)ﬁ/_l-

1 — 2 The adiabatic process gives

Q12 = 0.
Using
PV7 = BVy = P = PVV = NkgTyVy 'V
we have
Va
Wy = — / P(V)dV = —NkpTyVy " / Vo dv
\%t
N/{:BTQ‘/;_l Vi NkBTzvzy_l 1— 1—
- — & V}Vf:77_1 (V7 = 1)
NksTy |, (V)"
-1 Vi '
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A simpler way to get an equivalent result is through AU =
W + @ and Q = 0 which gives

W12 = AU - U2 - Ul = gNk’B(TQ - Tl)
2—>3
i Vidy
Wosg = —/ P(V)dV = —N]fBT2/ v —NkpTyIn(V1/Va),
Va Vs

and Qgg = —W23 = NkBTQ ll’l(‘/l/‘/g)
3 — 1 Constant volume:
W31 =0.
T
Q31 =AU = gNkB(Tl — Tg) = —gNk‘BTQ (]_ - Tl) .
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c) We now have Q) = Q3, Q. = —Qs1, and W, = Q) — Q.. The
efficiency becomes

o We_ | Qo 0-TT) (- (/W)
@n Qn In(Vy/Va) 2In(Vi/Va)
L_l-yxX L 1X-1

In X X InX

d) Note that the Carnot efficiency is e =1 —-T,/T, = 1 -T,/T, =
1 —1/X. To show that the efficiency is lower is to show that
L > .

Since In(z + 1) ~ z — 2%/2 we have n X ~ (X — 1) — (X —1)%/2.
We therefore have

X—-1 X -1

nX ~ (X—-1)—(X—-1)2/2

and since the denominator is smaller than the numerator this is
clearly > 1.

5. We have

dGy = —SydT + V,dP, dG, = —S,dT + V,dP.



Along the phase boundary we have dG, = dG, and we may therefore
write
—S¢dT + VydP = —S,dT + V,dP.
After rearranging we get
dP AS L

since the latent heat is L = T'AS.

. Using AV = Vgus — Vliq ® Vgas = nRT/P in Clausius-Clapeyron’s
equation gives

dP dP_nRT 1dP 9

From the table we estimate

dP|  P(75) — P(65)  0.3855 — 0.2501
arl|,,~  7-65 10

= 0.01354 bar/K.

One mole of water has the weight 18g and one kg of water is therefore

n= 1000 mole
18 '
Taken together this becomes
1 dP
L=———~— nRT*=2.36 x 10° J/kg.
P70y dr " < 107 1/ks

This is just slightly bigger than the latent heat at 100°C which is 2.26 x
10% J/kg. [Additional note: The curve P(T) is far from linear and one
can worry about the precision in the determination of dP/dT. That
can however be improved by noting that

1dP dlnP R In P(75) — In P(65)
PdT — dT 75 — 65 ’

which is better since In P is almost linear in 1. The difference in the
result is however small; using this method one gets L = 2.35 x 10°

J/kg.]



7.

8.

a) We have

AH = Hyy — Hy =2 x (—285.83) + (—393.51) — [~74.81 — 2 x 0] =
= —890.36 ~ —890 kJ,

and

AG = Gou — G =2 x (—237.13) + (—394.36) — [~50.72 — 2 x 0] =
— —817.90 ~ —818 kJ,

b) W > AG = W > —818 kJ. Negative sign means that work is
done by the fuel cell.

c)

(a) Fig for T is for 90.2 K and figure for 77 is for 77.4 K. At these
temperatures the free energies for liquid and gas are the same for
pure oxygen and pure nitrogen, respectively.

(b) Ty is the lowest temperature which follows from part (a). Solid
line corresponds to liquid, which is clear from the figure at the
lowest temperature where the liquid should have the lowest free
energy.

(c) Tt is the figure with temperature T3. Zooming in and making a
dashed vertical line for 21% oxygen one sees that the free energy
along the blue line between x ~ 0.18 and x ~ 0.48 gives a lower
free energy than from the solid line for gas only. The liquid that
forms will have about 50% oxygen. (I do of course not expect you
to “zoom in”, but this is only to try to explain better.)

a) p, + 34N, = 2/iNn;-
b) This solution follows rather directly from the text book.



