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There are three Important ways that heat energy can be

transported or transferred, called conduction, convection, and
radiation.

The first two refer to transfer of the thermal energy, whereas
the last is really a conversion of energy to a different form,

(photons of light) and the subsequent travel (transport) of those
photons.

Can you explain mechanism ef conductiaon, convection and
radiation? Task 1(3)




Work

Work is not a thermodynamic property, but can change them
All forms of work are theoretically interconvertible

Work can be done by system
Work can be done on system

Can you explain the forms offwork which were —
done by system’?

Can you explain the fornns o work which were
done an system’

_ Task 1(4)

The language of thermodynamics
System . the materialin the partion of space to be analyzed

Surrotundings . exteriorenvirenment
Boundary . A separator, real or imaginary, between system and

surroundings




Thermodynamic properties
single-component (pure substance)

» characteristics that fix the condition of a system

* microscopic properties: average of the quantum
numbers of all atoms or molecules in a system —

* macroscopic properties (also called state variable) :
a few characteristics that determine the measurable
gross condition of the system -




Classification of thermodynamic properties
(for a pure or 1-component substance)

Fundamental : p,T, V, U, S

Auxiliary . (derived from fundamental) H, F, G

Derivative Cp, Cy,a, b




Fundamental macroscopic properties

(P) — momentum transferred to walls by
molecular impacts
(T) — molecular speeds (gas) or amplitudes
of atomic vibrations (solids)
(V) -- The space occupied by the system

(U) —kinetic and potential energy contained
In molecules or atoms
(S) — measure of the degree of order of
a system (disorder ~ high S)
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Auxiliary Properties

Enthalpy. AH=AU+p. AV
- like internal energy, but automatically accounts for pV
work

- AH (change in enthalpy) is the heat added In a constant-p
process

Helmholz free energy | F=U-T5
Is a thermaaynamic potential which measures the “useful” work obtainable
from a closed thermodynamic system at a constant temperature and volume

F is the link between statistical and classicall thermodynamics
(F Is rarely used In purely classical approach)

Gibbs free energy. G =H-T3
Is a inermaaynanle patentlial that measunes the “Useful” an process-initiating
Walrk obtainaple fram a theimadynanlc sysiem at a constant temperature
and pressure

- (58 the criterion of equiliorium In cnemical reactions

- AGH s the maximum Waork done (an neededl) In a flow

Process.




Absolute and Relative Properties

p, T,V,S, Cpand Cv are absolute : zero values are unique;
- Absolute zero temperature: O K
- The absolute zeros of p and V are obvious
- Cp and C,, are derivatives of relative properties
- The absolute value of S comes from the 3 Law:

(all substances are solid at this temperature)
U, H, F, G are relafive : i.e., they must be assighed a zero value

at an arbitrary “reference state”
(the same state for all four)




Extensive and Intensive Properties

Extensive :value proportional to amount in system
V, S, M,En, A, L,U H, F G

Intensive :value independent of the amount of material
p, T,v,u,s, hfg

For a one-component system (pure substance) extensive
properties can be made intensive by dividing by the amount
(n = moles of substance)

-v =\V/n; v = molar volume, or reciprocal
of the molar density
- u=U/n;s=5/n;h=H/n; g = G/n




Derivative Properties

Specific heats (heat capacities):
Cp = (0h/0T)p - constant-pressure
Cy = (0u/dT)y - constant-volume

Coefticients of expansion:
o= (1/v)(0v/IdT)p - thermal expansion
a(Hg) used for mercury thermometer
B=-(1/v)(0v/Op)r - compressibility







