Thermodynamics of
Materials

7th Lecture
2008. 3. 24 (Mon.)
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The First Law of Thermodynamics
Conservation of Energy
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This equation is valid because the money is conserved.
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http://physics.snu.ac.kr/~kclee/howto/

Ludwig Boltzmann (1844-1906)

Boltzmann’s atom

David Lindley, The Free Press
2001.

http://www.corrosion-doctors.org/Biographies/BoltzmannBio.htm
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The Second Law of Thermodynamics

Ct.

J]
8
)

A DX

o}

ANHAE A Less Probable




+E X 0| C.

ren

r10
Jlow

ArA S &

Ol &E2 forcelt Xl 11 st EE0|LCH.
Forcelt S HLI 2 Lot H & E6HH

equally probableO| X| Gt
A 26t forcedt CHE2H
HE S#E2ILE =0

?12| 2= equally probableO| X| 2t,
2t0

=2 < equally probableO| OtL| 2

3%
SEZLE =L

2 0x A
B of >

Forces in Nature

* Gravitational force

- Electrical force

- Nuclear force
(Strong Interaction)




Universality of Entropy Concept
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Boltzman Distribution

Vil increasing energy £, i is progressively
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Hiat anergy, S0 Mocg padiicles will be found
with lower engegies. I ks assunad et an

Ta profapitty that vrlimited aumber of parfices can sooupy

a pariicle will have By eingy slalke

anangy £

"
M{n_qg..)ag tZIMATH AeEfkT
temperaie T. The

Tive peobiasibty fos implication of this term
ocoupying a gen is Bt for a higher
enengy stale temperahag, it is move
decreases probable thal a givan
exponantially vith parficle can be found
ey with enegy E

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html




Probability = Aexp(_ potential energy)
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Thermally Activated Process 2/ &£
S = 2

Arrehnius Equation

Rate — Aexp(— activation energy
RT
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Probability distribution function
f(E 1 for identical but distinguishable patrticles.
(El=—%g
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Identical indistinguishable Identical indistinguishable
particles with integer spin particles with half-integer spin
(bosons) (fermions)

ex: Thermal radiation, ex. Electrons in a metal,

specific heat Conduction in semiconductor




Boltzman s view

Q : Sum of K.E. of all molecules
T: Average K.E. of all molecules

When two bodies of different temperature
(different average K.E.),
mutual impacts equalize their energy.
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Maxwell’'s demon

Imagine two boxes full of a gas
connected by a molecule-sized door.
A microscopic demon stationed at the
door could open and close it to let
hot atoms into box A and cold atoms
into box B, which results in violation
of the Second Law.

Some physicists rejected the existence of
atoms because of it.
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