General Physics I
Thermodynamics

Prof. M. Hirschmann

Spring semester 2024
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Recap... Lecture 5, First law of TD (?)

« What is the first law of Thermodynamics of a closed system?

« How is first law modified for different thermodvnamic svstems (other than closed)?

« Which thermal processes for gas (to change its state) do you know?
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Recap... Lecture 5, The first law in different thermal processe(?)

« How can we compute the internal energy for isochoric/isovolumetric AV = 0 processes?

« How for isobaric AP = 0 processes?

« How for isothermal AT = 0 processes?

« How for adiabatic Q = 0 processes?



Content of this course — today’s lecture

Lecture 1: —Chapter 1. Introduction
—Chapter 2. Temperature and zeroth law of thermodynamics

Lecture 2: —Chapter 3. Gas laws

Lecture 3: —Chapter 4. Statistical thermodynamics I: Kinetic theory of gas (slides in previous file)
—Mathematical Excursion — Preparation for Chapter 5.

Lecture 4: —Chapter 5. Statistical thermodynamics Il (Boltzmann factor, Maxwell-Boltzmann distribution)
Lecture 5: —Chapter 6. Energy, heat and heat capacity

Lecture 6: —Chapter 7. First law of thermodynamics and thermal processes

Lecture 7: — Mock exam | with Dr. Tress

Lecture 8: —Chapter 8. Entropy and the second and third law of thermodynamics

Lecture 9/10: —Chapter 9. Thermal machines

Lecture 11: —Chapter 10. Thermodynamic potentials and equilibria

Lecture 12: —Mock Exam Il with Dr. Tress
Lecture 13: —Chapter 11. Heat transfer (Conduction, Convection, Radiation)

Lecture 14: —Final review and open questions



8. Entropy and the second and third law of thermodynamics

« 8.1 Reversible and irreversible processes
« 8.2 Entropy

« 8.3 The second law of TD

« 8.4 The third law of TD

« 8.5 Entropy and the first law of TD

« 8.6 Statistical interpretation of entropy



8.1 Reversible and irreversible processes
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 Initially, both balloons are filled with air. Then, the air is evacuated from balloon 1,
after which valve 1 is closed, and the vacuum pump is stopped.

« Wait for the temperatures to balance between the two balloons. (This equilibrium can
be accelerated by heating balloon 1 with hands.)

* The identical temperature of the two
balloons is the reference temperature.

* Connect the two balloons using
valve 2 at temperature (T): For an
ideal gas, we expect no T change
because W and Q equal to zero

* Inreality: In balloon 1, an increase in
temperature of +T is observed. In
balloon 2, a decrease in temperature of
-T is observed, because gases are not
ideal.
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Summary 8.1 Reversible & Irreversible thermodynamic processe i
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« Any process, that can be reversed by changing signs of Q and W, is reversible.
« Any process, that cannot be reversed by changing signs of Q and W is irreversible.
“Arrow of time comes in”

Q = nRTnlrl %
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8.2 Entropy
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Summary 8.2 Entropy

« Entropy S is a state variable (independent of the path of the process), important for
distinguishing between reversible and irreversible processes

AR
o dSsystem = + dSprod; 5{,/’77%"! /7/"/4/’;{,’5/‘} m/-;—;:::

» dSenv: change of entropy due to heat exchange with environment

« dSprod: entropy production due to dissipation within the system, “measure
for disorder”

. d
Entropyﬁue to heat exchange with enwrsnment AS = f ds = fB 0

n ( reeacble processes
adxu@ﬂl‘é 0 V
f”"’ﬁ 2 dSenv in isothermal processes AS, = - nR1n—b
A ™™ ndr T
ff}:\} » dSenv in isochoric processes AS  =nC, | "—=nC,In-4
(w A o Iy

., dT T
« dSenyv in isobaric processes AS,, =nC, de " n(Cy + R)ln?o
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Summary 8.2 Entropy

« Entropy due to heat exchange with environment
» Reversible: dSenv > (or <) O

e Irreversible (e.g free expansion process: dSenv = 0)

~ - | y
= me > fB inrreversible M&r @(0{’& aege m
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» Entropy production due to dissipation within a system W recesiBle enc

 Reversible: dSprod = 0

« Irreversible: dSprod > 0 (e.9. free expansion of gas at T=const and
Q=0, but Ssystem NOT Necessarily zero)



8.3 The second law of thermodynamics
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8.4 The third law of thermodynamics | 2/~ é{)ﬁrfsﬁ Hrcer e
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8.5 Entropy and the first law of thermodynamics
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Summary 8.3-8.5 Entropy & the three laws of Thermodynamics v

 Entropy and the first law of TD: (%/é;;_ ':f(g{{;%g;(é[ = T7AS — ?:2;1'6}“ 1

. 1~ A L9 ——y, —
 Only for reversible processes: 5/@ = /S L ) = Ie4/74

(474
For e pecsSSeEt oy ) A4 O

« Second law of Thermodynamics: each thermodynamic system has a state variable
called entropy S. The total entropy of thermally isolated/adiabatic system (Q=0)
cannot decrease over time: AS =0

Lt ucresses

« —> Entropy is not conservemost natural processes (unless they are
fully reversible)

« Third law of Thermodynamics: The entropy of a system converges to a constant

value Sy =0 for T —0, independent of all the other properties for the particular
system.



8.6 Statistical interpretation of Entropy
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Summary 8.6, Statistical interpretation of entropy

» The entropy S of a particular macro state of a TD system is related to the number of
microstates on a particle level:
S =kInQ

« Implications of the second law of TD: An increasing entropy AS = 0 of an adiabatic system
(Q=0) implies that a system evolves from more order (lower Omega ) to equal or less order
(equal or higher Omega) with time (equality for reversible process only).

 entropy increase is purely driven by higher probabilities of certain
combinations of microstates

« heat flow from hot to cold object: much more microstates, thus higher
probability, for this scenario then for the reverse process

« Implications for the third law of TD: for T—>0 also S—>0, this would |mply%mega =0, only
one micro state, meaning a system would be maximum order

« Entropy change for free expansion in an thermally isolated system: /ff/ﬂ%)ﬁm‘&é/// /
AS =~ annV_ 2 /M/é/e MW
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Conceptual Questions: :a;

* Why is the first law of TD not sufficient to describe TD systems?
* What is entropy in classic TD and in statistical view?

* How to calculate entropy, if changes of state are irreversible? — replacement by an
reversible process

* A gas is allowed to expand (a) adiabatically and (b) isothermally. In each process, does the
entropy increase, decrease of stay the same?

* Give three examples of naturally occurring processes in which order goes to disorder.

» Which statement is true regarding gut entropy change of an ice cube that melts? (a) Since
melting occurs at the melting point temperature, there is not temperature change so there
is no entropy change; (b) Entropy increases. (c) Entropy decreases.

* Describe a reversible and irreversible possibility to expand gas isothermally.
» Which do you think has the greater entropy, 1kg of solid iron or 1kg of liquid iron?

* Living organisms, as they grow, convert relatively simple food molecules into a complex
structure. Is this a violation of the 2nd law of TD?

* Think of your questions!



Up next:

Lecture 1: —Chapter 1. Introduction
—Chapter 2. Temperature and zeroth law of thermodynamics

Lecture 2: —Chapter 3. Gas laws

Lecture 3: —Chapter 4. Statistical thermodynamics I: Kinetic theory of gas (slides in previous file)
—Mathematical Excursion — Preparation for Chapter 5.

Lecture 4: —Chapter 5. Statistical thermodynamics Il (Boltzmann factor, Maxwell-Boltzmann distribution)
Lecture 5: —Chapter 6. Energy, heat and heat capacity

Lecture 6: —Chapter 7. First law of thermodynamics and thermal processes

Lecture 7: — Mock exam | with Dr. Tress

Lecture 8: —Chapter 8. Entropy and the second and third law of thermodynamics

Lecture 9/10: —Chapter 9. Thermal machines

Lecture 11: —Chapter 10. Thermodynamic potentials and equilibria

Lecture 12: —Mock Exam Il with Dr. Tress
Lecture 13: —Chapter 11. Heat transfer (Conduction, Convection, Radiation)

Lecture 14: —Final review and open questions



