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(a) Because the system was returned to its original pressure and volume, why is the net amount of work
done not zero?

Solution. The work done by the system at pressure P, is greater in magnitude than the work
done on the system at pressure P,.



\P) Yruau woul LS LLe WOIK aone I the gas were taken from 1 — 2 — 3 and then back to 1 along the 2
diagonal path connecting 3 and 1? — Y

Solution. The work done on the system from 1 — 3 is W;_,3 = —Phigh(Vhigh — Viow). No work
is done on the system from 2 — 3. To find the work done on the system along the diagonal
from 3 — 1, we write

P=—aV +5b, (S2.2)
where

— &igh g Plo-w

Vhish - Vlaw .

Note that a is defined so that it is positive. We find b by requiring that P = Bow when
V= Vhigh:

(52.3)

Bow = —aVhign + b, (S2.4a)

or
b= Bow + thigh- (52.4b)

To find the work done, we substitute (52.2) into the relation

"’ﬂ* ":0‘?
Waiag = —/ PdV = —f [— aV + b)] dv (S2.5a,)
Vaigh Viiigh

[Viow I/hzigh:' — b(Viow — Vaigh) = (Viow — Viign) [g (Mow + Vhign) — b]. (S2.5b)
We first eliminate b [(see (S2.4b)] and obtain
Waiag = (Viow — Vhigh) [g(Vlow — Vhigh) — Plaw]. (S2.5¢)
We then eliminate a and find

(Rugh Hnw) .
deg (Vow = Vingh)[ M(Viow - ‘/hxgh) - How] (S25d)
= (Viow = Vaign) |~ 5 (Buign — Biw) — Pow] (82.5¢)
= f%(‘,low - I/]Jigh)(-Plcvw + H:igh)- (SZ5f)
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Problem 2.17. Air initially at 20°C is compressed by a factor of 15.

(a) What is the final temperature assuming that the compression is adiabatic and v & 1.4, the value of v
for air in the relevant range of temperatures? By what factor does the pressure increase?

Solution. For a quasistatic adiabatic process and an ideal gas we have that

TV~ = constant. (S2.10)
Hence Vesge1
Th=T (7:) = 293 x 15%4 = 293 x 2.95 = 865.6 K. (S2.11)
From PV” = constant we have
Py iy 1.4
—_— = —_— = 1 — . — . B g
- (Vz) 514 = 15 x 2.95 = 44.25 (52.12)

(b) By what factor does the pressure increase if the compression is isothermal?
Solution. Because P « V at constant T, the pressure increases by a factor of 15.

(c) For which process does the pressure change more?

Solution. In this case the pressure increases by almost a factor of 3 more for the oA\ adaadn ¢
Drocess.
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The problem here is that the question has been ( dehberately) mlslea,dmg about writing down which
variables are held constant. One can think of z as a function of r and 0, i.e. = z(r,f), so from the
equation

T =rcos8,

<%) = cosf = Z.
or/, r

One can also think of z = z(y, r) from the equation

it follows that

72 =12 g2

2z <@> = = <3_m) = I
or ” or y Z
Hence what is actually true is that
oz\ _ [or
().~ (%),

Moral of the story: Think carefully about what is being held constant in a partial derivative.
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When T is constant, d7" = 0 and hence sae 6%
_ —

Now if dQ = 0, the first two equations immediately yield

dp = —(C,/A)dT,
&V = —(Cy/B)drT.

(3).(2),
v adiabatic ov

If p is constant, then we have Cp,-Cy =B ( %)p and hence use of dV = —(Cv/B)dT yields

(8_V) __Cv 1 (av>
OT / pgiabasic B 1-4\0T "

If V is constant, then we have Cp—Cy=-4 ( g%)v and hence use of dp = —(Cp/A)AT yields

()5 :(2
or adiabatic A Y—1\oT 1

Hence
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Problem 2.56. Consider the various Processes shown in Figure 2.17 anq calculate W, the tota) work
done on the System and Q, the tota] energy absorbed by heating the system. Assume that the system ig
an ideal gas,

(a) The volume ig changed Quasistatically along the curved Path 1 — 3 while the gas is kept thermally
isolated.

Solution, @ = 0 because the process is adiabatic. The work done ig
- P
w_ BVs= PV

= (S2.69)
Hence 32x1)~(1x8) o4
W = Lffh);(__i‘) = =36J. (82.70)

5/3—-1 2/3
Because Q=0,AF = 36 J.

(b) The system is compressed from its origina] volume of Vi = 8m3 ¢4 jts final volume V3 = 1 3 along
the path 1 — 9 and 2 — 3. The pressure is kept constant al P; = 1Pa and the system is cooled to
maintain constant pressure. The volume jg then kept constant and the system is heated tq increage
the pressure to P = 32Pa,

Solution. Work ig done from 1 — 2, W= ~1(1-8) =77 No work is done from 92 —, 3.
Because AE is independent of the path, Q = AE _ y — 36—-7=297.

Solution. For 1 —, 4 1o work is done. For 4 —, 3 W= 3201 - 8) =32x7=204] Hence
Q=36-224— —188J.

lagon at, om 1 — 3, € volume is decreas and the system ig eated so that ¢ € pressure is
(d)D'agaIphfr 1 — 3. The volume is 4 ed and th, is h hat the p i
Proportional to the volume.

Solution. W = [% (82-1) x 7] (area of triangle) + 7 (area of rectangle) = 115.5J. axrd C%: - W‘S@l@w\
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Problem 1.10. Show that if the number of particles on the left-hand side of the box at t = 0 is equal
to n(0) rather than N/2, the solution of (1.7) is

mt) =3~ V1- 2"T@]e—2*/1". (1.9)

Note that 7i(t) — N/2 as t — co independent of the value of n(0).
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