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Deriving Thermodynamic Relationships
Challenged Penmanship

Notes

goals

1. AS >0

universe

2. Maxwell-Euler Relationships

3. ASy=AH4,/ Ty (@ is phase transtion)
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2nd | aw of Thermodynamics in terms of entropy

* S is a STATE FUNCTION

cas= [ Mooy | Hie

rev irrev

AS

universe 20

AS +AS =AS >0

system surroundings universe

disorder increases
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the entropy of the UNIVERSE increases

system

ASSystem +AS surr 2 {j% + J‘%}

dqsurr = ? quyS

RERN LA A

ASsystem + ASsurroundings= AS??= ASUNIVERSE 20

the entropy of the UNIVERSE increases

dsz@
T

system

dqsurr == quyS

s o] ]

ASsystem + ASsurroundings= AS??= ASUNIVERSE 20
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a thoughtful domestic discussion

dforney, what beautiful

and ordered children we
have begot. Surely you
must have violated the 2nd
Law of Thermodynamics

POPS, GET REAL 1!t
Better review your
Chemistry 163 !!

towards the disorder of a universal PEA SOUP

Plotkin's Entropy Clark’s Entropy # 2 Acrylic 30 x 24
http://www.donnabellas.com/abstract/science/plotkinentropy.htm http://iwww.williamgclark.com/entropy.jpg
AS >0
PEA
UNIVERSE ‘ SoUP
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BUT ALAS: if AS,1oundings > 0 (disorder) then AS .., < 0 (order)

A8

0 4S8

<0

surroundings > system

) £, =0 e p _MRGOOK) w=0
Raff’'s Sammy p, - HRG00K) —_— =T 0L =0

416 Sam is still having great difficulty with physical chem- AS
istry. However, he has found a problem he can solve:

“An ideal gas is expanded isothermally and adiabati-
cally into a vacuum to double its volume from 20 L to
40 L at 300 K. Compute AS for the process.” Noting
that g for the adiabatic process is zero and that the
process is isothermal, Sam computes

6q A q
-— —_— T ——— —
AS J T 1 JSq =—= ?

Has Sam finally gotten a problem correct? Explain.
Leigh, who is making an A in physical chemistry,
obtains a different answer for this problem. What
answer does she obtain?

10
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trepanation, the mind and the brain

P. Treveris, 1525, England

H. Bosch, 1480, Dutch Peru, ~ 1000AD, pre-Incan

trepanatiop—==<
AS=I dqREI’ERSIBLE > d‘I hould

q dqreversiBLE
b
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remember

same initial and final states of system:

° AS = ASreversible = ASirreversible
final d_ final d_

o AS= | Moy [T
initial T initial T

so how will reversible and irreversible processes between
same initial and final states of system differ???

* ASsystem + ASsurroundings = ASuniverse 2 O
( =for reversible, > for irreversible)

« AS will differ

rroundin
surroundings 13

tools for evaluating thermodynamic relationships: starting relationships

definitions:
= internal energy
U+ PV

u-Ts
H-TS

®>IC

relationships from 1st and 2" Laws:
[no change of material (dn;=0) and, only PV work (dw,.,=0)]

dq, =nC,dT dq,=nC,dT
dU =dq+adw =dq — PdV

a
ds = —"T dq = Tds

14
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differential relationships

o = remal energy dU =dq +dw = dq — PdV
A=U-TS ds =M g, - 145
G=H-TS T

dU =TdS - PdV U(S,V)

TdS — PdV

dH =dU + PdV +VdP
dH =TdS +VdP H(S,P)

TdS — PdV

dA=dU —TdS - SdT
dA=—-SdT — PdV A(T,Y)

TdS +VdP

dG = dH —TdS — SdT
dG =—SdT +VdP G(T,P)

15

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

dG =-S dT+ V dP 1st and 2nd Laws
G(T,P):
G G
dG:(E)—Tl dT+(8_PjT dP  math, total differential
SO: (a_Gj =-§ and (a—GJ =V
or ), oP ),
what 2(16) ) - (2 (26)
about: (5p(57),) = (arlar), ),
\ /

thus: _(a_s} - [a_V] Maxwell-Euler Relationship
) oP ), oT ), from dG

16
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Euler-Maxwell relationships (handout #5 Math Comments) =)

. Suppose we know that a differential is of the form and is an exact differential:
dwy (x, y)=Mdx + Ndy (where M and N are some functions or variables)

example (1*'and 2™ Laws of Thermodynamics give dG as exact differential)
dG(T,P)=-SdT+ VdP (G andS are free energy and entropy)

THEN WE HAVE THE FOLLOWING USEFUL RELATIONSHIPS:

( 3 o o) 9
]E—WJ =M and (i—‘”} =N dlﬂ(x,y)=[a—y/j dx+(—l/lj dy
Lox \ Y J; Xy ay x

a. or ” ”
3G ) G )
| . ST d )= M dx+ N d
(BT,P S and [E’P ). 14 l//(x y) ly

b. and since, for well behaved functions, “mixed” second partial derivatives are

equal (i.e. the order of differentiation does not matter)
i(a;//j _[2 (3w
) aylox ), . ox\ dy ), i

or [BMJ 7[a/vj
[6(—8)! = {i—V! which is same as [ES = -[i} ay . ox y
T Jp /e

P )r P ), ar

[é’zy/\ “aMJ B [87\! 7{521//‘

&vex ) ey éx
: v )

STy
J, \ oxoy

17

this is an example of the Maxwell-Euler relationships that we will use often

Euler-Maxwell relationships

dU=TdS—PdV ——— (B_Tj =_(3_Pj
), \as),

dH=TdS+VdP —}—— (a_j =[a_V)
oP ), \as ),
dA=—SdT—PdV |, —(a—sj =—(8—PJ
). \ar),

98 _(oP

%

S (¥

dG=-SdT+VdP ——— - P T— oT ),
(5), ()
oP ), \oT ),

18
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entropy variations with T and P

95| _G
ar| T

Vv
95| _G,
oT T

P
o8 :(E’PJ
av ) T
0S| _ |V
oP | | oT

P

19
finite changes from derivatives: isothermal volume change
as(T,v)= (B_SJ dT + (B_Sj av
oT ), v ),
isothermal dT =0 general for no work other;
no change of composition
oS oP
aS=|— | dV=|—| dV
v ), oT ),
v, v, v,
A‘S'Vl —V, ,Tconst = J-ds = .[[a_s) dV = .[[a_Pj dV
? v 4 v ), v oT ),
't 'i(oP for ideal gas:
AS;/IH,/Z:J.dS:J‘(—j dv gas:
i ar), (22 e
v, oT ), V
AS, ., = IﬂdV —nRIn2
1272 P Vv I/l
[note: sameasAS,. , = q;” , q,,, for isothermal volume change]
20

10
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calculating entropy (see summary on review handout)

-

* Thermal properties of entropy and entropy calculations
_ A4 L' #ﬁ‘qm_

o dS : :
T T

s AS, =AS_ +AS,

totaiSuniverse syste surroundings

=0
- Sis a state function; dS is an exact differential
o Dependence of S on

T (—51 &, [Q] &
er), T \er), T
P L5_§J :_{9:_‘7]
epr ). aT J,
v [i} -(Z)
av ). \eT )y

[ = Phase AS= oquilibrium phase change

AU N N N N YR

&

aquilitrium phase change

o Calculation of entropy changes for changes in P, V, T, phase
o Third Law and calculations using Third Law Entropies: §°(T)

s ASS (D)= wS(T)

> Entropy of mixing: AS=—n_ R> X, InX, where X, = e
e H

toial

s AS> f? : 0= #? . (= for reversible process: > for spontaneous ['real’] process)

21

AS for equilibrium phase transition

for phase transition ¢ at equilibrium conditions
(e.g.) H,0O(¢) 2 H,0O (g, 1atm, 373K)
or H,O(¢) 2 H,0 (s, 1atm, 273K)

(AH¢ ) P = qreversible

HWS #35 AS for H,0(¢) - H,O (s, 1atm, 263K)

22

11
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nd qf Lecture 12

23

Thermodynamics and Black Holes (and other cosmology?)

Black Hole Thermodynamics

Entropy of a black hole

Black holes confront us with a fundamental problem : what happens to the information when a partcle falls inside a black hole 2
Remember that only three parameters are required to fully describe a black hole : its mass, its electrical charge, and ts anguiar momentur
But, in order to describe a physical system, we need other information, especially entropy. which is a measurement of ts disorder.

Losing entrapy by fallng into a biack hole s a violation of the second principle of thermodynammics. This law states that entropy is an always increasing function in
losed system - and fhe universe is a closed system. s nothing can escape it

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

Black Holes and Beyond:
Harvard's Andrew Strominger on String Theory

When superstring theory amrived in physics in 1984 s a potential theory of the
} / universe, it was considered by mainstream physicists as litile better than religion in
i (’ TS terms of constituting a viable, testable theory. In string theory, the fundamental particles
were stringlike, rather than point particles; the universe had 10 or 11 dimensions, rather
than four, and the theory itself existed at an energy so far fram earthly nergies that it took  leap of enormous
faith to imagine the day when an experiment could ever test it. Quite simply, string theory seemed an excessively
esateric pursuit, which it still is. But the last fire years have seen the theory undergo a series of major

when do black holes have quantum microstates?

Sttominger, Vel hal was suggsted b the sliopy formula Vi ke thal, in gonral, aetiopy couts e
tusan i the

So what are these quantum microstates?

e A younsed
theory for bk »mem.xm o e chandoics One, s e "
et

et of quartum microstlos for averything besides black hles. L wouid be
e oxce A

o molecules We
e grot ack holes
i Sbisck

o g e shonevns 3 e 2y e

" cd v of st oty e 1655, e e e e esutes 1 e
s 55 s ol g whon e freons e i
ol bicams 3 eally donous challengs. |, o one, 8 1 was ncursbens spon
Wewrs al grafed tat . >ecrtinued

ety it Allo s
< Theory And o i . how 5 compe he rtopy fbsck
lem ot cormpding e rtopy o & wasn e g heary. O course

Fhoto by Dorothy Litell Graco

24

http://archive

j _may-june99_page3.htm

12
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Thermodynamics and Black Holes (and other cosmology?)

u

Tz

Thermodynamics of Black Holes

Eric Monkman, Matthew J. Farrar
Department of Physics and Astronomy
McMaster University, Hamilton, ON L8S 4M1
2007 03 29

25

AS < 07?777

universe

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

whole system gets sucked
into black hole—> includes
entropy

what happens to the
entropy of the universe?

What happened to the 2™
law of thermodynamics???

13
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Striking Similarity
« 2" | aw of Thermodynamics: dS 20
e vs.
* Hawking Area Theorem: dA =0

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

» Hawking, Bekenstein derived entropy of black hole:

Sg = Ald

Generalized Second Law (GSL)

X/

o 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).

o In math:

 ASg,+AS,z0 (S, is common entropy to the exterior)




