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Here is calculation where we assume S changes ... we write S(T,V) = S(Ti,Vi) + AS with the latter as
given for an ideal gas, on p. 78 of G&T. Doesn’t make much difference to do this, rather than to just
take S(Ti,Vi).

nd3)= Vi = .000245

ousy= 0.000245

4= VE = Vi % (315 / 295)
Ould4i 0,00026161

n@s)= TL = 295
Cuis 295

5= TE = 315
Ouis?i= 315

nge)- NIntegrate[Log[x/Ti], {x, Ti+ .001, Tf}}]
outsri: 0.663144
mef)= .01 * 154.8 » 10+ 3/2 » .01 + 8.3 » NIntegrate[Log[x/Ti], {x, Ti+ .001, Tf}]

+.01 » 8.3 » NIntegrate[Log[x/Vi], {x, Vi+.001, Vf}]
ousi= 15.5626



xg

Now woattue €)= x

TN €05

RN

] L e s §00Y=A se
e S = Q— - AW = ')k"'..&,;:wQ._ . G\":"‘ e _.___.__<
oy seam® Juewsrd Yoot i v, Hpwewon, sN

.. m\gmﬁa{_\ﬁﬁ,\ﬂy@_ﬁgﬁ_‘} S Gy # alm) X Ao

_Eh'm
bt O Y

&
oo o N\ £ =00 G, &
. . T T e T _S;L_}_-)_:____S_iﬁ__?ﬁ _

NN\ ol “§$Yv.\q T
=\
3

—_— e
K= DM

e v —?'ue)_\'-‘- e

, -\
 =fn (oS ) — T‘I'\L&ST@_ o

Y

= _-._:.-? B . & » W
_Sinxk

—
—

AR NS

-\'C Msg_b_( N .




_4& MM”MQ 6+t 2.66

T s E\xch \;.5 \'\1_5;3 \'b-&\- \r Q\X&k _/
. o '—3?“».5-.&% R W\-DU-\-- \bdwew 3%:}:».“ _

S J________Q,_,___.gg......o:\i_ G;;T acgemats. NS \own )
ASI S AF fAN N4y j‘ -

Gep-TS = LTS



5: Helmholtz free energy of hydrogen (Schroeder problem 5.20)

The first excited energy level of a hydrogen atom has an energy of 10.2 eV,
if we take the ground state energy to be zero. However, the first excited state
is really four independent states all with the same energy. We can assign it
(as we'll see very soon in seminar) as having entropy S = kind. For what
temperatures is the Helmholtz free energy of a hydrogen atom in the first
excited state positive, and for what temperatures is it negative? (Why is
this useful? When F is negative, the atom will spontaneously go from the
ground state, where F' = 0, into that level ... since the natural direction
toward equilibrium is that F' tends toward its m minimum value. Of course,
for a system this small - only five states- , random fluctuations could be sig-
nificant.) -

——-+————"The Helmholtz free energy of the first excited level is
F=U-TS=(102eV)—T(kln4).

At low temperatures this is positive, so the atom would rathe.:r be in the ground state (.which
has F' = 0); at high temperatures, however, F' for the excited .1ej\vel becomes negz_mve, S0
this level becomes preferred over the ground state. The transition temperature is where
F =0, ie., when kT'In4 = 10.2 eV or kT = 7.36 eV or

7.36 eV

= = 8.5 x 10* K.
T=g62x105eV/K

This is more than ten times hotter than the surface of the sun.
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%} Helmholtz and Gibbs:

a) The Helmholtz F and Gibbs G free energies are two important thermo-
dynamic potentials. Each of these is minimized by a system under certain

b) Each of F and G represent “gvailable work”, so which one is preferable

to use for

i) calculating the energy needed to materialize a rabbit on a table ?

ii). finding the chemical potential p 7

1

iii) determining if the following chemical reaction will go at a temperature

of 500K

HQO — Hg + %02

c) Please say which potential is best to use, and then use it to solve this
problem: A cylinder contains an internal piston on each side of which is one
mole of a monatomic ideal gas. The cylinder walls are diathermal, and the
system is immersed in a heat reservoir at temperature 0°C. The initial vol-
umes of the two gaseous subsystems (on either side of the piston) are 10 L
and 1 L, respectively. The piston is now moved reversibly, so that the final

volumes are 6 L and 5.L, respectively. How much work is delivered?

R S i T ER R
i ES LAY

: . = e -
In general, if we consider processes with “other” work: |dF =-S8dT - _PdV + 5_ f‘ﬂ,_;,ri
For the processes at T = const
(in thermal equilibrium with a large reservoir): (dF)r =(_ PV +oW,,, )r
l Tt;e“-f;;a_i—\)béfk‘;e_rfor'fﬁeﬁa-on-a- ‘s.;.y-st.em af- T= -con;; |r; a re\-/_e-a;égle p-rc;-cess 1S e-qual :
| to the change in the Helmholtz free energy of the system. In other words, for the 7=
| const processes the Helmholtz free energy gives all the reversible work. !

Inblesish 2 o lheldetbroithadnsi’, SN

Problem: Consider a cylinder separated into two parts by an adiabatic piston.
Compartments a and b each contains one mole of a monatomic ideal gas, and their
initial volumes are V,=10/ and V=11, respectively. The cylinder, whose walls allow
heat transfer only, is immersed in a large bath at 0°%C. The piston is now moving
reversibly so that the final volumes are V,=6/ and V,=5/. How much work is delivered
by (or to) the system?

The p-r-c-x-:es_s_i-s_is;other-r;;l-.: (aF), ==(— }; V),
Vo ¥y

Uy VoS | Un V'S5 LR e SW =8, +6W, = [dF, + [dF,
Vo, P

by the system:

F=U-TS =3RT— iRTlnl—RTln£+Tf(N,m)
For one mole of 2 2 1, Y

monatomic ideal gas:

v v
SW =RT1n7"f+ RTlnT?L=2.6-10’ J

ai hi
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Applications: Gas Compression

Q: Use either Gibbs or Helmholtz in the following problem: A cylinder contains an
internal piston on each side of which is one mole of a monatomic ideal gas. The
cylinder walls are diathermal, and the system is immersed in a heat reservoir at
temperature 0C. The initial volumes of the two gaseous subsystems (on either
side of the piston) are 10 L and 1 L, respectively. The piston is now moved
reversibly, so that the final volumes are 6 L and 5 L, respectively. How much work
is delivered?

A: F because total volume does not change



Helmholtz Free Energy

e Helmholtz function defined to be F =U-TS
e Differential is given by dF =-S5 dT + p dV
e For a system at constant temperature and volume:

O

O

O

dV=dT=0

This reduces the definition of dA to dF

Require that A is less than or equal to O for a process to occur
spontaneously

Minimum F for equilibrium



Gibbs Free Energy

e Gibbs function defined to be G =H-TS

e Differential is given by dG=-SdT +V dp

e For a system at constant temperature and pressure:

dp=dT=0

o This reduces the definition of dA to dG

o Require that A is less than or equal to O for a process to occur
spontaneously

o Minimum G for equilibrium

O

VA



Gibbs vs. Helmholtz

For constant temperature and
pressure, minimizing the Gibbs free
energy function, G, gives the
equillibrium state

For constant temperature and
volume, minimizing the Helmholtz
free energy function gives the
equillibrium state




Applications: Materializing Rabbit

Q: Should we use Gibbs or Helmholtz to calculate the energy needed to
materialize a rabbit on a table?

A: Either, but G is more likely because pressure is easier to keep constant. F
)::ould be done if we had a box filled with a certain amount of air in a container and
the rabbit replaced the air in the box.



|+

Applications: Chemical potential

Q: Which should we use to find the chemical potential?

A: G=mu*N, easier to use because labs generally at constant pressure rather than
volume, could also use F

)



Applications: Decomposing water

Q: Using Gibbs or Helmholtz, determine if the decomposition of water will go at
500 K. -

A: G again because this reaction is more likely to go at a constant pressure rather
‘han volume
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