EP 2827: Thermodynamics

Homework Set 2*

February 19, 2019

Solution: The van der Waals equation of state is

n?a
(P + W) (V —nb) = nRo.

Taking partial derivative wrt temperature, 6 of both sides at constant pressure, we get,

n2a (V —nb na
,3 —2%4‘ P+W \%4 :nR,
_ _nR6
~V-—-nb

which we can reorganize to obtain,
RV2(V —nb)
ROV3 — 2na (V —nb)*
One can check that if we set a,b = 0, then it reduces to the ideal gas volume expansivity

1
/Bideal = 5 .

8=

Next we rewrite the vdW equation of state as,

nRoO n2a

P:V—nb_W’
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and then take partial derivative wrt Pressure, P of both sides at constant temperature, 6 to get,

(), ()
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——
=KV
which we reorganize to obtain,
B V2(V — nb)?
nROV3 — 2na (V — nb)*’

Again, a check that the expression is correct that setting a = 0,b = 0 reproduces the ideal gas

compressibility,
\%4 1

Rideal = W = F

Solution: Taking P to be a function of V and 6, we get,

oP orP
dP = (W)VdO—i— <W)edv.

Next we rewrite the coefficients, (3_5)0 and (%—g)v as follows,

ory _ 1
ov 9_ KV’

and,
1 (9V
(8_P) - _ 1 _V(W)P_é
- 00 oV - 1 oV T
09 )yv  (w)p(gp)s —v(5p)y *
Substituting this in the rhs of the expression for dP, we obtain,
J6; 1
P =—=df — —dV.
K KV
(This part carries 5 points, 2 points for the correct (2_11;)9 and 2 points for the correct (%—{:)V ex-

pression and 1 for the final result).



For processes where § and x remain unchanged the expression dP can be easily integrated to
compute finite amount change,
1
ﬁAG — —dV

K KV
Plugging in the data: Af = 5K, AV = 0.005cm?, 3 =4.95 x 10° K1,k =6.17 x 107 2Pa~ 1,V =
100em3, we get,

AP =

495 x 10°°K 1 1

— 3
AP = (5 K) = 617 x 10-2Pa=1) x 1003 (-005) em

6.17 x 1012 Pg-1
= 4.01x10"Pa —8.10 x 107 5Pa
~ 4.01 x 10" Pa.

(This numerical carries 5 points, for algebraic errors at least 1 point should be deducted).

Solution: First we express the pressure, P of a vdW gas in terms of V' and 6,

p_ nRO B n_2a '
V—-nb V2
The isothermal work done on the vdW gas is given by,
Vi
I/I/visother'ma,l = - / PdV
Vi

Vs 2
o (7
= —nRAln| ——— ———.
nRk n(%—nb>+na<Vi Vf)
Note that according to the convention we are following, work done on the system is positive (con-

sequently work done by the system is negative). So be careful about the sign. Also note that when
a, b are set to zero, this reduces to the expression for isothermal work done on an ideal gas.

Solution: We start from,

ﬁdﬁ— idV

dP = —
K KV



For isothermal process this becomes,
1
dP = ——dV = dV = —kVdP.
KV

So the work done is,

Vv

R
W:—/PdV:mV/PdP:7(PJ?—PZ-2)

Substituting the volume to be, V' = mass/ densz’ty =m/p, we get the work done,

=— (P} - P?
W= 21) ( f )
Plugging x = 6.75 x 1072 Pa=!, m = 100g = 0.1 kg, p = 8.90 x 103 kg/m? and Py = 500 atm =
5.07 x 10" Pa and P; = 0,

_6.75x 10712 x 0.1

(5.07 x 107)% = 9.75 x 1072,

2 x 8.90 x 103

Solution:
Work done on a paramagnetic substance is given by,
dW = poH dM
We use Curie’s law to substitute for H,
0
H=—M,
Cc
to obtain the expression for infinitesimal work done,
0
dW = po—=—M dM.
Cc

Isothermal work done is then,

W. My 4 /1/09 /1,09
isothermal — —MdM MdM = — [\4 — M2
therme /M ( e ) / 2C. (M; )

Again we can use Curie’s law to replace M; sy = CcH(p)/0 to get,

poCe
26

tof

szc

(M} —M?) =

(W7 = H3)-



