
Entitics
Always hear that Entropy = disorder

what does this mean ?

Bollmann wanted to construct a
function

of molecular States that had same

properties as thermodynamic entropy
He found that

S- kg InW
where W is the number of

"
microstates

"

of the system sink
✓

what is a micro state ? It is a configuration
having the sane thermodynamic properties
In particular applies for some N, v, E

( will talk more about -

Best example is lattice gas : temp later)
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What is W ? Learned

W = (Nnc ) ,
number of ways to prek

\ N spots from Nc to fill

key fame of Bolzmain entropy is extensive

Two copies of system

# States = WZ
S ( 2 systems ) = S , t Sz b/c

S = kin (# I = 2k In w

what is entropy for the lattice gas ?
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How can we apply this? What is

entropy of expansion from N; →Nf sites
Isothermal Expansion& dE=O
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Same as c.kssical isothermal effusion
ideal gas



Previously ,
we discussed how C④

entropy acts as a potential in a
closed system, where dszo
Such that entropy increases for
a spontaneous process until maximized

But what about non - closed systems ?

Most reactions due where g can

be exchanged w/ surroundings & open to

a pressure reservoir . Sometimes Mc 's

can exchange with the system too

Eheffgy as a potential
: combining 1st
& second law

inst law
de -- Eq tdw - dog - pdv

Clausius Img ,
dsz defy

⇒ Iq ETDS

So DEE Tds - pdv
Equality is still equilibrium



① if S & V constant,

then U acts as a potential
d EEO,

so energy is minimized

E÷::c:*

Ecs , v1 ⇒ d E- 1¥41 s tff¥%dv
also know ( first law)
DE = Iq - pdv = Tds - pdv
This means F- ( off ) u and -p

-
- (fits



p and T are sensitivity
coefficients (mare later)

so at large p , charges in volume

make a bigger change to U
at large T

,
this relationship is

a bit less obvious
,
but the

converse makes some sense
,

At large T a small change in U

makes a smaller change in S

G#imgaSipped
DE-- ( fields tfalsdu -

← t - p

can rearrange to find S

ds = #de t EdV
now dE ( canst v ) = dog = Cudi



⇒ dS= Edt t Pf du
= cyydtt h du Cidg )

Ds -- osatdsg

DSA -- f!! Edt = culnltytil
DSB -- f ! ntfdv = nRln(%!

DS = Cu Int Tak , ) th R In 1%,)
T S - Sef Sree -_ SCTV

what if we want energy as
function of

S
,
for ideal gas CE kn R

and E- In RT ⇒ F- FEE



= Zz [ nR In ( Tht , ) + fur In 1%1]
⇒ DS = Z n Rh ( Tyr , ' (% ,

)")

⇒ Tyr eoskv ( 41nF' a
Typo ?

(s- Sr) 43

E -- InRT, e
" u ( "%)

if @ Syvr ,Tr ,
E = In RTR
-

increases far increasing entropy
steeply, decreases for increasing

V

. Increase in entropy fan increasing heat flow
canst U

• decrease w/ V from the adiabatic eipmsion

why bother w/ this derivation ?
key is ECS , v) is not potential minimized

each value is fixed point @ egg



A system cannot be below

this surface, can be what

equilibrium above it

• Constant S & U are weird Cardi hins

need to be able to understand

canst T & u

consider H -- Utp U presented before

DH =D Et pdutvdp
£ d E E Tds - p du

⇒ d HE Tds t Vdp
Enthalpy is potential for constant S&p

Adding pv made a new thermo potential
that swapped -p & V

How can we get rid of Tds ( for Sdt?)

GE H - TS



DG = DH - Tds tsdt
E (Tds t Vdp) t Sd T -Tds

E Sdt t Vdp

so Gibbs Free Energy is
potential that is minimized at

constant t & P (d GEO)

For completion (and for statmeohl

A- = E - T's

d.A- =D E - Tds - Sdi

E ( Tds - pd U l -Tds -Sdt

E- Sdt - pdv
Potential for canst T, V (simulations)
q A

← There istpvu HPV a unifying
H G principle here



Legendre transformations
f
'(Xo)n

fix,

y = f
'

( xo) x t b Gol

b ( Xo ) = y
- f ' (xo) x

New function with some information

start with Ecs, v1
To get to a function

of net S ,

EA = EEN- so⇐ Ivy already shared
=T

so A= E -TS

can explicitly get H & G
for ideal yes ( book & Hw)


