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Recap... Chapter 6, Energy, heat and work in TD (?)

« What is the internal and thermal energy? What is the internal energy of ideal gas?

« How can we describe the “flow of energy”?

« Conservation of energy: Delta Eint = Q - W (main focus of this lecture!!)
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Recap... Chapter 6, Heat capacity and calorimetry (?)

« What is the relation between (sensible) heat and temperature?

« What is Calorimetry?

« Are heat capacities of gases the same at const V or at const P?

« What are the heat capacities of ideal gas? Co-Cy=R C, -
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Recap... Chapter 6, Heat capacity for non-ideal gases & equipartition theore&?)
°

* If we consider non-ideal gas, which additional form of motion we should consider?

* How can we elegantly account for changes of heat capacities for non-ideal gas?

3 5 7
ER =2.98cal/mol- K, ER =4.98cal/mol- K, ER = 6.97 cal/mol- K

Monatomic molecule: 3-translational kinetic energies, n, =3
Diatomic molecule: plus 2-rotational kinetic energies, n, =5
Diatomic molecule: plus1-vibrational kinetic and 1-vibrational potential energies, n, =7
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Watch Equipartion theorem: https://www.youtube.com/watch?v=kzPHKchgkmY




Recap... Chapter 6, Latent heat and phase transitions

« Which forms of heat do we have in TD?

« What is latent heat?

« What is a phase diagram in TD, and where
comes latent heat in? 218

« What are the main characteristics of the phase

diagram of water? 0.006
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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



7. First law of thermodynamics and thermal processes

7.1 First law of thermodynamics
« 7.2 Thermal processes

* Isochoric processes

« Isobaric processes

« |sothermal processes

» Adiabatic processes



7.1 First law of Thermodynamics
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« Recap some definitions... ~ ) k47
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« State variables: state of a system is characterlsed by physical properties that are described
by a set of state variables (X;, such as V, P, T, n,...). The state is entirely specified by the
values of these state variables and it does not depend on the history of the system.
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» Thermodynamic systems:

« open: allows for matter and energy exchange with environment

« closed: does not allow for matter exchange with environment (but for energy
exchange)

« adiabatic: does not allow for matter exchange and heat exchange with the
environment (but for mechanical energy exchange)

« jsolated: does not allow for any interaction with the environment (no matter, no
energy)
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Summary 7.1 First law of TD

« First law of Thermodynamics (energy conservation): heat added to the system, work done
BY system (W=PAV) is equal to the change in internal energy of a system:

AE, =Q-W ——o chscolswsh
« First law different thermodynamic systems (other than closed)

« ijsolated: no heat and work transfer, Q=0, W =0 —> AEint =0
e adiabatic: Q =0, AEnt=-W

« open: matter exchange possible described by chemical work C: AEnt=Q -W -C



7.2 Thermal processes

In the field of thermodynamics, a thermal process refers to any process or series of
operations in which a thermodynamical system exchanges E%a/tk with its
surroundings and/or undergoes a change in temperature.

Thermal processes can be categorized into several specific types of processes,
each defined by how the system interacts with its environment and how certain
thermodynamic properties change over the course of the process. Some common
types of thermal processes include:

[sothermal (AT = 0): while the state changes, the temperature is kept constant.
Adiabatic (Q = 0): process with no heat, i.e. thermally isolated system or a very fast process.

[sobaric (AP = 0): while the state changes, the pressure is kept constant.
[sovolumetric (AV = 0): while the state changes, the volume is kept constant.
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Compression et détente adiabatique
https://www.youtube.com/watch?v=0TlewxjyKZ0

Set-up: A gas is injected into a piston. A thermocouple is placed inside the piston —>if T
increases/decreases —> Voltage flows through thermocouple, V is measured

What happens when the piston is compressed/expanded?




Compression et détente adiabatique
https://www.youtube.com/watch?v=0TlewxjyKZ0

Set-up: A gas is injected into a piston. A thermocouple is placed inside the piston —>if T
increases/decreases —> Voltage flows through thermocouple, V is measured

What happens when the piston is compressed/expanded?

Observation: When the piston is compressed
(expanded), the temperature increases
(decreases), and as a result, a voltage flows
through the thermocouple. This voltage is then
amplified and displayed, allowing the deduction
of the temperature.

Key take-away: Process is adiabatic expansion,
it is used in refrigerators, air conditioners, and
refrigeration units to cool (in heat pumps). It is
also used in scientific research to achieve very
low temperatures.
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Summary 7.2, thermal processes

e Isochoric/lsovolumetric AV =0

AE_=Q, =nC AT
e Isobaric AP =0

AE_ =nC,AT - PAV

For ideal gas: AEint = nCvAT

Note that here any change from one thermal state to another can be made as
combinations of isochoric and isobaric processes, with AEint = nCvAT

e Isothermal AT =0 —> AEint= 0 (if ideal gas) —> Q = W= PAV = nRAT = const.
e Adiabatic Q =0 —> AEint=- W

For ideal gas: Q = PAV + nC, AT —> V'P= const.
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Summary 7.2, thermal processes in the PV-diagram
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Conceptual questions

—

* An ideal monoatomic gas expands slowly to twice its volume (a) isothermally, (b) adiabatically, (c)
isobarically. Plot each on a PV diagram. In which processes is AEint the greatest and least? In
which is W the greatest and the least? And in which is Q the greatest and the least?

* An ideal gas undergoes an isobaric compression and then an isenvolumetric process that brings it
back to its initial temperature. Had the gas undergone one isothermal process instead (a) the work
done on the gas would be the same; (b) the work done on the gas would be less; (c)...would be
greater; (d) need to know the T of the isothermal process.

QAn ideal gas undergoes an isothermal process. Which of the following statements are true? (i) no
heat is added or removed from the gas. (ii) the internal energy of the gas does not change. (iii) the
average kinetic energy of the molecules/gas particles does not change.

(an an isothermal process, 3700 J of work is done by an ideal gas. Is this enough information to tell
how much heat has been added to the system? If so, how much? If not, why not?

@An ideal gas undergoes an adiabatic expansion. As a result (i) the T of the gas remains constant
and the P decreases. (ii) both T and P of the gas decrease. (iii) the temperature of the gas
decreases and the pressure increase. (iv) both T and V of the gas increase. (v) both the
temperature and pressure of the gas increase.

« Think of your questions!
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