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The state principle

• for pure simple compressible systems without CoM motion,

� any 2 independent, intensive properties determine the state
� and therefore determine all other properties

• property tables use this principle to streamline data look-up

• given e.g. T and p, tables contain v , u, h, s
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Intensive properties

• intensive properties don’t change if we clone the system

• examples: T , p, v , u, h, s (but not V , U, H or S)

� v = V /m is specific volume
� u = U/m is specific internal energy
� h = H/m is specific enthalpy (H = U + pV )
� s = S/m is specific entropy
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When are two properties independent?

• if we can change one without changing the other

• T , p and v are all independent in single-phase regions

• but in two-phase regions,

� T and p are not independent, so can’t determine system state
� but T and v are independent, as are p and v
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Moran et al., Fundamentals of Engineering Thermodynamics (2018)
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Compressed (subcooled) liquids
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Superheated vapors
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Moran et al., Fundamentals of Engineering Thermodynamics (2018)
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Saturated liquids and vapors (indexed by temperature)
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Saturated liquids and vapors (indexed by pressure)
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Example: Boiling water at elevation

A camper on a mountainside at 10,000 feet, where the air pressure
is 0.7 bar, makes pasta. When the water begins to boil, what will
be its temperature and specific internal energy?
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Moran et al., Fundamentals of Engineering Thermodynamics (2018)
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Quality

• any two-phase liquid-vapor mixture has a quality,

x =
mvap

m
= 1−

mliq

m

(m = mvap + mliq)

• given quality x , the mixture’s specific volume is

v =
V

m
=

Vliq + Vvap

m
=

mliqvliq + mvapvvap
m

= (1− x)vliq + xvvap

= vliq + x(vvap − vliq)

• these formulas also work for u, h and s
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Example

A pressure cooker contains 250 g of water in a two-phase
liquid-vapor mixture at 2 bar. By mass, the mixture is 20% liquid
and 80% vapor. What is its internal energy?

• quality is x = mvap/m = 0.8

• at 2 bar, uliq = 505 kJ/kg and uvap = 2530 kJ/kg

• so u = 0.2uliq + 0.8uvap = 2125 kJ/kg

• and U = mu = (0.25 kg)(2125 kJ/kg) = 531 kJ
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The interpolation problem

• suppose we have n data points (x1, y1), . . . , (xn, yn)

• we’d like to know y corresponding to some x , where

� x1 ≤ x ≤ xn
� but x 6= x1, . . . , x 6= xn

• in interpolation, we

� find a function f such that y1 = f (x1), . . . , yn = f (xn)
� approximate the unknown y by f (x)

• interpolation methods usually fit polynomials to the data
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Constant interpolation
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Linear interpolation
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Cubic interpolation
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Linear interpolation

• linear interpolation uses polynomials of degree 1 (lines)

� simple enough to do by hand
� accurate enough for most purposes

• for x between xi and xi+1, approximate y by

y = yi +
yi+1 − yi
xi+1 − xi

(x − xi )

• this is the point-slope formula, y − yi = m(x − xi ), with

m =
yi+1 − yi
xi+1 − xi
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Linear interpolation (continued)

x1

y1

x2

y2

x

y
y = y1 + y2−y1

x2−x1
(x − x1)
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