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Thermal contact
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Thermal equilibrium
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Zeroth Law of Thermodynamics
(the law of equilibrium)
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/eroth Law of Thermodynamics
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(a) If systems A and B are each in (b) ... then systems A and B are in
thermal equilibrium with system C ... thermal equilibrium with each other.
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Thermometers and Temperature Scales
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Thermometers and Temperature Scales
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The constant-volume gas thermometer
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Absolute temperature scale
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Absolute temperature scale wiaaauQRaNYsal LANIAUA  Temperature (K)
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<—Hydrogen bomb
<— Interior of the Sun

<— Solar corona

<— Surface of the Sun
<— Copper melts

<— Water freezes
<— Liquid nitrogen
<— Liquid hydrogen

<— Liquid helium

Lowest temperature
achieved ~10-7K



The Celsius, Fahrenheit, and Kelvin
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Thermal Expansion n15281863M14AH5DY
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B is average coefficient of volume expansion
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1 mol=6.022x10”atoms or molecules
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Specific heat and Calorimetry ausaua Nt NIZLasLAaDILNNS
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Specific Heats of Some Substances at 25°C

Specific heat and Calorimetry Sl
. - Specific heat ¢
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AIMTHIDUINLNICLLASLLAARDILNND Substance )/kg°C cal/g °C
Elemental solids
Aluminum 900 0.215
Beryllium 1 830 0.436
Cadmium 230 0.055
v o Copper 387 0.092 4
NN UINBPNANNTY Germanium 399 0.077
Gold 129 0.030 8
Q — Q Iron 448 0.107
cold— hot Lead 128 0.030 5
Silicon 703 0.168
Silver 234 0.056
Other solids
Brass 380 0.092
Glass 837 0.200
Ice (— 5°C) 2 090 0.50
Marble 860 0.21
Wood 1700 0.41
Liquids
Alcohol (ethyl) 2 400 0.58
Mercury 140 0.033
Water (15°C) 4 186 1.00
Gas

Steam (100°C) 2010 0.48
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The First Law of Thermodynamics
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- Adiabatic process:
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AEint: W

- Isobaric process: nszuauUNITNANAUAIN P

W=-P(V,-V,)

- Isovolumetric process: nszuruNITNUININTAIN

AEint: Q

- Isothermal process: nszuIuNTNAUNYNAIN
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AE, =0—0=-W
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Heat Engine
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Entropy (1au Instl)
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