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Review of basic concepts: Heat interactions:

when is the energy exchanged entirely distinguishable from Work?
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Review of basic concepts: Heat interactions

is the definition of Heat compatible with 

the notions we learn in Heat Transfer

Slide 06.03



© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics

Review of basic concepts: Heat interactions

steady state heat transfer requires non-equilibrium
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Consequences of the Principle of entropy nondecrease in weight processes:

Temperature (or -1/T) as escaping tendency for energy.

Pressure as capturing tendency for volume

Slide 06.05



© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics

Consequences of the Principle of entropy nondecrease in weight processes:

Temperature (or -1/T) as escaping tendency for energy.

Chemical potentials as escaping tendencies for constituents
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Review of basic concepts:

Experimental measurement
of stable-equilibrium properties
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Experimental measurement of SES properties: 

thermometer

The temperature read by thermometer B 
is equal to that of system A, regardless of 
the details of system A.

AB TT =

B

A

Thermometer: It is a system for which the temperature is easily readable on a 
scale.

If a thermometer B is placed in contact with a system A and we wait for mutual 
equilibrium to be reached, TB = TA.
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NOTE: It can be proved (pp.158-159 of G&B) that the pressure p is equal to the 
force per unit area exerted by the system on the walls confining its constituents in 
the region of space with volume V.

B

AB pp =

A

Manometer: it is a system for which the pressure is easily readable on a scale.

If a manometer B is brought into mutual equilibrium with a system A, through a 
piston or a movable interface, with a system A, pB

 = pA.

The pressure read by manometer B is 
equal to that of system A, regardless of 
details of system A.

dA

dMg
p =

dAdM
g

p
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Experimental measurement of SES properties:

manometer
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Mutual stable equilibrium across the
semi-permeable membrane implies:
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Experimental measurement of SES properties:

partial pressures and chemical potentials

If we know the chemical potential of pure constituent i as function of
temperature and pressure, by evaluating it at the temperature and
partial pressure of the mixture we obtain the chemical potential of the
constituent i in the mixture.

This measurement procedure
defines the partial pressure of

constituent i in the mixture.
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For SES’s for which these
properties are defined
(e.g. single-phase states)...

),,( nVESS =

),,( nVSHH =
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... if we know them as functions of T, p and n we can 
reconstruct (by integration) the fundamental relation. 

( ) ( ) dpVTpdTpVCdE pTpp  −+−=n)(

dpVdT
T

C
dS p

p
−=n)(

( ) dpVTdTCdH pp −+= 1)( n

For example, at fixed amounts n we can integrate these general relations:

Construction of the fundamental relation from measurements of
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Review of basic concepts:

Characteristic SES functions

from
Legendre transforms 

of the fundamental relation
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Changing variables of the fundamental relation by means 

Legendre transform
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Characteristic SES functions from 

Legendre transforms of the fundamental relation in energy form

Slide 06.14



© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics

Maxwell relations
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Maxwell relations
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Characteristic SES functions from 

Legendre transforms of the fundamental relation in entropy form
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Maxwell relations
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Review of basic concepts:

availabile energy with respect to 
various types of thermal reservoirs

availability functions
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Available energy with respect to a

thermal reservoir with fixed volume and amounts

Reservoir

R
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Available energy with respect to a

thermal reservoir with fixed volume and amounts
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Stability conditions deriving from the available energy with respect to a

thermal reservoir with fixed volume and amounts
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Review of basic concepts: Consequences of the Maximum Entropy Principle:

Concavity of the fundamental relation
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Stability conditions deriving from the available energy with respect to a

thermal reservoir with fixed volume and amounts

Slide 06.24



© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics

Stability conditions and

LeChatelier-Braun principle

Slide 06.25



MIT OpenCourseWare
https://ocw.mit.edu 

2.43 Advanced Thermodynamics 
Spring 2024  

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms. 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	end_sheet.pdf
	Blank Page




