
Lecture 8 - Second law &

Boltzmann Entropy
Cannot cycle : [qi, = 0

Suggests dS = dgreversibly
Heat produced by a process, can't

be less then the reversible path



Lisolatedsend SI dy/ E 15 = Sta,T AEB A +BT
[Second lawof themodynamics]

What ison irreversible process
Reversible A-B, Infinitely small steps

Suddenly change the conditions

Usually lose energy
to Gant/fricken
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de = datdev
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Sign ?
sign ?

Postulate: heat
goes from not to cold

If Ti Tz
, dg, 0 &* -* 28 3 dSo

If T< Tz
, dq , 30 & - >0



At equilibrium ds = o

Y entrose
is

Spontaneous 19 Isolation : &S > 0 produced

Consider non-isolated :

↑
- dSses = IS produced# + &Sexchange

= dSprod + dg/



fur reversible change
dS = dgree,

everything elsedSpeed >0

so ds ? dive,

Universe is an isolated system

dS0 for any process
minerse



preview because entropy is always
-

increasing for isolated syste

- S kind of like a "potential" for

a process or reaction
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Molecular interpretation :

Entropy z disorder ?

Boltzmann warted to connect

Molecular motion -> thermodynamics
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seems to violate mechanics



solution to paradox :

postulate : every state w/ Same

energy is equally likely for

on isolated syste

#...
exc

m molecules in a box of volumeV- No



why is it that

i
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why do molecules expand ?

"microstates" -> obervable like desity

T system tries to increase # ofstates

↳ entropy increases



Is # states like entropy
, M

cory system

Mii
& is not extensive . N,V,

E
,

S double

&(State + State2) M(stetel) : Alstlez)

what ifs logh



S = kind *there

If only I state, S = 0

K turns out to be R/NA = ki
see this by driving idealgas law

On HW : M molecule in N sites

an't ourlp , 1 = (mm)



simpler case, M molecules in Nsites

can go anywhere :

R = NXNXN ... = NM if distinguishable

CAM) indisa

S = Klum = MkInN
= nRInNe nRInV

S(Vz)- S(u,) = nRh(Vz/N)...



1st law
de = dg + dw

= TdS - Par

ds =Id + Id
L

Sindv

(o)
= PV =nRT

-
- k = R/NA


