PHYS 461: Homework # 4

4.1 In order to derive the expression of the molar
specific heat

0
or Pvr=constant

for an ideal gas we have first to find the expression
of T'ds. The two relations

PdV +VdP = RdT
nPV*1dV + V*dP =0

(n—1)PdV = —RdT.




Since, for an ideal gas
Tds=cydl'+£0dV =cydT + PdV,

we obtain

1—n

Tds = (CV—I- R ) dT.

R

cn:cv—l—l_n.

Note that ¢; = oo and ¢y = 0. These results are not
surprising since n = 1 corresponds to an isothermal
process, and n =~y to an isentropic process.




For 1 <n <, ¢, is negative. This result does not
contradict any principle. Thermodynamic stability
requires that specific heats should be positive only if
extensive or intensive parameters (like volume or
pressure) are held constant. Not all specific heats
have to be positive.

If c,, is negative, then, when the temperature T’
increases, the gas should transfer heat to the
external world. For an ideal gas the internal energy
U is an increasing function of T', therefore, the gas
should receive energy under the form of work and
transfer heat such that

AU = AW + AQ,

with

AW >0, AQ <0, and |[AW| > |AQ)|.




These considerations are easy to verify since we
found that

dW = —PdV = i dr

n—1

— N

Figure Graph of ¢,, as a function of n.




4.2 If the calorimetric coefficients C,, Cg, £, and h
for a battery are defined by the relations:

TdS = C,dT + £dgq
TdS = Cg dT + hdE,

where g denotes the charge and E the e-m-f of the

battery, then
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From Maxwell relations, it immediately follows that

Moreover, if we write

E
quT+£dq:CEdT+h(a—) dT
q

oT

OF
+h(—) aq.
0q ) 1 4

taking into account the relations

we obtain







During an isentropic transformation,

OT\ _ £ T (9E
d¢)s Cq Cq\OT),

Hence,

o if { <0, —¢/C, >0, and, when ¢ decreases, T
decreases, which implies that E decreases.
o if {! >0, —¢/C, <0, and, when ¢ decreases, T
increases, which implies that E/ decreases.

In both cases, when the charge ¢ of the battery
decreases, the e-f-m E of the battery also decreases.




4.3 If U(S,z,q) is the energetic fundamental
relation of the capacitor, the expression of the
element of work

dW = —Fdx + ® dq,

where F’ is the force applied to the electrodes and P
the difference of electrostatic potential between the
two electrodes, implies that

oU oU
F=——- d &= —.
oz’ o Oq
From the expression of the differential of the Gibbs

potential
G=U-TS+ Fzx

of the capacitor, we find (Maxwell relations)
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or F,q_ T,<I>.
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