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goals 

1.  ΔSuniverse > 0 

2.  Maxwell-Euler Relationships 

3.  ΔSΦ= ΔHΦ / TΦ    (Φ is phase transtion) 
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2nd Law of Thermodynamics in terms of entropy 

• S is a STATE FUNCTION 

 

 

•  x 
rev irrev

rev irrev

dq dq
S

T T
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Suniverse  0 

0
system surroundings universe

S S

disorder increases 

today 
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the entropy of the UNIVERSE increases 

sys surr

system surr

dq
dS

T

dq dq
S S

T T

surr sys
dq dq

sys surr

system surr

dq dq
S S

T T

0
sys sys

system surr

dq dq
S S

T T

Ssystem + Ssurroundings= S??  = SUNIVERSE  0 

? 
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towards a universal PEA SOUP 

http://www.donnabellas.com/abstract/science/plotkinentropy.htm 

Plotkin's Entropy 

http://www.williamgclark.com/entropy.jpg 

Clark’s Entropy # 2 Acrylic 30 x 24  

UNIVERSE 
PEA 

SOUP 

S > 0 
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BUT ALAS:  Ssystem < 0 (order) if Ssurroundigns > 0 (disorder) 

Ssystem < 0 Ssurroundings > 0 
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Raff’s Sammy 

ΔS=R ln 2  (isothermal reversible) 

Poor 

Sam 

Smarty 
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trepanation, the mind and the brain 

H.  Bosch, 1480, Dutch 

P. Treveris, 1525, England 

Peru, ~ 1000AD, pre-Incan  



trepanation and the second law 

dq

T

I’ll fix that ! 

Poor Chem163B 

 student thought 

REVERSIBLEdq

T

Oouch, I should  

have been 

a music major !! 

REVERSIBLEdq dq

T T



11 

remember 

•              

•   

reversible irreversible

final final

reversible

initial initial

dq dq

T T

•   

•  

•  
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tools for evaluating thermodynamic relationships: starting relationships 

    definitions: 
U   internal energy 

H   U + PV 

A   U TS 

G   H TS 

relationships from 1st and 2nd Laws: 
[no change of material (dni=0) and, only PV work (dwother=0)] 

 

 

 

 

 

 

  

_ _

V V P P

rev

dq nC dT dq nC dT

dU dq dw dq PdV

dq
dS dq Tds

T
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differential relationships 

U   internal energy 

H   U + PV 

A   U TS 

G   H TS 

rev

dU dq dw dq PdV
dq

dS dq TdS
T

( , )dU TdS PdV U S V

( , )

dH dU PdV VdP

dH TdS VdP H S P

( , )

dA dU TdS SdT

dA SdT PdV A T V

( , )

dG dH TdS SdT

dG SdT VdP G T P

TdS PdV

TdS VdP

TdS PdV
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example of Maxwell-Euler  ( dG=-S dT +V dP ) 

P T

G T P

G G
dG dT dP

T P

( , ) :

dG S dT V dP

P T

G G
S V

T P
so: 

what  

about: 
P T

G

P T T P

G

T P
= 

thus: 
T P

S V

P T

math, total differential 

1st  and 2nd Laws 

Maxwell-Euler Relationship 

from dG 
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Euler-Maxwell relationships (handout #4 Math Comments) 

,

,

y x

d x y dx dy
x y

d x y M dx N dy

y x yx

yx

y x x y

M N

y x

http://switkes.chemistry.ucsc.edu/teaching/CHEM163B/Winter13/handouts_W13.html
http://switkes.chemistry.ucsc.edu/teaching/CHEM163B/HANDOUTS/MathComments_163B.pdf
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Euler-Maxwell relationships 

dU TdS PdV

dH TdS VdP

dA SdT PdV

dG SdT VdP

S V

T P

V S

S P

T V

P S

T V

T V
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V T

S P

V T

T P

T P

S V

P T

S V

P T
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entropy variations with T and P 

__

__

_

_

_ _
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T T

S P

T
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S V
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finite changes from derivatives: isothermal volume change 

2 2 2

1 2

1 1 1

0

,
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T V

V V V

V V Tconst

T VV V V

S S
dS T V dT dV

T V

isothermal dT

S P
dS dV dV

V T

S P
S dS dV dV

V T

general for no work other; 

no change of composition 

:

V

for ideal gas
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calculating entropy (see summary on review handout) 

 

 

 

 

 

 

 

http://switkes.chemistry.ucsc.edu/teaching/CHEM163B/Winter13/handouts_W13.html
http://switkes.chemistry.ucsc.edu/teaching/CHEM163B/Winter13/HANDOUTS_W13/CHEM163B_review_4-5_W13.pdf
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S for equilibrium phase transition 

reversibleP
H q

P

P

H
S

T

for phase transition  at equilibrium conditions  

(e.g.)     H2O()  H2O (g, 1atm, 373K) 

        or   H2O()  H2O (s, 1atm, 273K) 

HW6  #35   S for  H2O()  H2O (s, 1atm, 263K) 
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End of Lecture 
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Thermodynamics and Black Holes (and other cosmology?) 

http://nrumiano.free.fr/Estars/bh_thermo.html 

http://archive.sciencewatch.com/may-june99/sw_may-june99_page3.htm 

http://nrumiano.free.fr/Estars/bh_thermo.html
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Thermodynamics and Black Holes (and other cosmology?) 

http://physwww.physics.mcmaster.ca/phys3a03/Thermodynamics_and_Black_Holes.ppt 

Thermodynamics of Black Holes 

Eric Monkman, Matthew J. Farrar 

Department of Physics and Astronomy 

McMaster University, Hamilton, ON L8S 4M1 

2007 03 29 

http://physwww.physics.mcmaster.ca/phys3a03/Thermodynamics_and_Black_Holes.ppt


ΔSuniverse < 0???? 

• system with entropy S falls 
into black hole (r < rs) 

 

• whole system gets sucked 
into black hole includes 
entropy 

 

• what happens to the 
entropy of the universe? 

 

• What happened to the 2nd 
law of thermodynamics??? 

rs 



Striking Similarity 

• 2nd Law of Thermodynamics: dS ≥ 0 

• vs. 

• Hawking Area Theorem: dA ≥ 0 

 

• a coincidence? Bekenstein, 1973, says “no” 

 

• Hawking, Bekenstein derived entropy of black hole: 

 

  SBH = A/4 



Generalized Second Law (GSL) 

•  In words: 

 

•  “The common entropy in the black-hole exterior plus 

the black-hole entropy never decreases.” 

•  Bekenstein, J.  Black Holes and Entropy, Phys. Rev. 

D., 7, 2333, (1973). 

 

•  In math: 

 

•  ΔSBH + ΔSc ≥ 0 (Sc is common entropy to the 

exterior) 


