Thermodynamics

Ch.1: Introduction
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 Thermodynamics: heat +
dynamic(movement/power)
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 Thermodynamics: conservation and
conversion of energy
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o System: part of universe
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Simple thermodynamic system e
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1- Isolated system
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Closed system
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Open system
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The boundaries are both permeable and diathermal.
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Adiabatic: No thermal energy can pass through.

Diathermal: Thermal energy can pass through.

Permeable: Matter can pass through.

Impermeable: Matter cannot pass through.

Semipermeable: Some components are able to pass through, while others are not.
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THE CONCEPT OF STATE
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Macroscopic state

Quantum state




Ui () sie 4
¢“)A\L;\S‘)ALS\.QJA€LAJ‘5UL§\ACL_1C‘)&A ceﬁ)g‘
S s S Calla o80T AL adiiia |, gl
Microscopic state

s yia b alad daii H2 48 25l e (il
D95 (5 8 o il JiE Al Saalind ga

4G aie S Se el L alas S ) Qllail )
Ipd (e e 1074 L Ll S



ceunu)\omjad‘)ugum\dumg_\m‘).; °
A8 AS e olalu) ol e ) SIS Saalin ga

e dia abus (S g Sl Qlla Gad edlia G pa
g (oa

Macroscopic state e



J\ (52 gAna J‘A:.\A.SGA&.\A a8 a.luuM °
b pales o\ijm\_\ Culd  Salid sa )3 (sl yamia
_L"un\ L"\:\S Lss\_\,q\_\_m},a} L_i\_ua‘}.\aa




S 1 b A SQ)SIMple system ealu aluww Sa 53 e
el 2a Rl (Salinaga i el g 52 A1 (<l
3 oo Gl Saaliin ga i sla i il

gy Al g e e 5o llail 50 3 gline 43K Gl iy
.JJ\.J

mly two thermodynamic variables are independe



o o2l Al 5 08 (LA yuxia ¢ yaxia 93 () Ol nla;
N gl

Independent variables

opall i) g (sl e ¢ Kon (sla yarie & guaiy)
N i (o

Dependent variable



Duhem postulate
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Intrinsic properties 512 sla s
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EXtrinsic properties
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Figure 1.1 The equilibrium states of existence for 1 mole of gas in V-P-T space, shown to lie
on a surface.
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AV =AV _ +AV_,
AV =(V, -V )+(V,=V,)

AV =V, -V,



where:
| — a occurs at the constant pressure, P,
a — 2 occurs at the constant temperature, 7,
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Exact differential



—El . the isothermal compressibility with dimensions of P~

] . the coefficient of thermal expansion with dimensions of 7'
P

dV = oVdT —B,VdP



EXAMPLE OF EQUILIBRIUM
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Gas

Figure 1.2 One mole of a gas is shown to be contained in a cylinder by a piston. The walls
of the cylinder are diathermal, and W is the mass that is exerting pressure on
the gas.
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THE EQUATION OF STATE OF AN IDEAL GAS
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Figure 1.3 (a) The variation, with pressure, of the volume of 1 mole of ideal gas at 300 and
1000 K. (b) The variation, with temperature, of the volume of 1 mole of ideal gas
at1,2, and 5 atm.
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Perfect gas=Ideal gas -

a=1/273.15.
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Absolute scale of temperature
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T (degrees absolute) =7 (degrees Celsius)+273.15



A combination of Boyle’s law:
PV(T,P,)=PV(T,P)
and Charles™ law:

V(Py.Ty) _V(Py.T)

Ty T
where:
P, = standard pressure (1 atmosphere [atm])
T, = standard temperature (273.15 degrees absolute)

V(P.T) = volume at pressure P and temperature T
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ideal gas law.

PV =RT
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THE UNITS OF ENERGY AND WORK
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newtons
2

I atm = 101,325

meters

1 liter-atm = 101.325 newton - meters = 101.325 joules

R = 0.082057 —ter-atm

degree - mole
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EXTENSIVE AND INTENSIVE THERMODYNAMIC VARIABLES
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EQUILIBRIUM PHASE DIAGRAMS AND
THERMODYNAMIC COMPONENTS

e components are chemical
 species of fixed composition
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» Phase: finite volume in the physical system
within which the thermodynamic variables are
uniformly constant



