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Temperature, Heat and Equilibrium
The Kinetic Theory of Gases

The First Law of Thermodynamics

The Second Law of Thermodynamics
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(Thermometer)

Temperature, Heat and Equilibrium
(The Zeroth Law of Thermodynamics)

(Temperature Scales)

(The Celsius and Fahrenheit Scales)
(Thermal Expansion)
(Nonequilibrium and Heat Flow)
(Heat Transfer Mechanisms)
(Conduction)
(Convection)
(Radiation)
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(The Zeroth Law of Thermodynamics)
If bodies A and B are each in thermal equilibrium with a third
body T, then they arein thermal equilibrium with each other.

(thermal equilibrium):
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1. (Constant-Volume Gas
Thermometer)

T=Cp p C
T=pV/InR

P=pg-rgh
"= Flesibike s
L %
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2. (T; triple-point temperature
) 273.16K
T,=273.16K=Cp;
3. _L®po_ &p 0
T=T. T=(273.16K T
TR A T
T= Iim(273.16K)§e£g
m® 0 p3 ﬂ
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(The Celsius and Fahrenheit Scales)
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pointof (127316 K |-:U.U|’C - [H3z.02°F

Cvater | : To=T-273.15°

E I T|: = (9/5)TC +32°

Absolute ] ] » .
vorg 0K Wos7345°¢ Bodsg67°F
Fixed Point Temperature {"C) Temperature (K)
Triphe point of hydregen — 26954 13.81
Baoiling point of helium - B68.93 1215
Boiling polnt of hydrogen = BhA, LO& 17042

atl 33.36 kPa pressurc

Boiling point of hydrogen - 25287 20.28
Triple point of neon = 246,048 27.102
lriple pointof oxygen =218.789 54.861
Builing point of oxygen — 182,96 00,188
Iriple point of water a.al 273.16
Filing point of waler 104000 378.16
Freeging point of tn £31.968 1 505,118 1
I'n'rxillgpﬁlllﬁ[d.llc 419.58 9275
Freezing point of silver 0. 93 1 235,08
Freesing point of gold 1 (W43 1 387.58

A values are From Nationa] Burean of Standards Special Publicasen 420: U, 5. Deparument of
Commeroe, May 1975, All values are at standard armospheric pressure excepd for wriple points
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Lowest temperature achieved =17 K
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ao DL/ L Average coefficient of linear expansion
DT

r

DL =al.DT
DA=2aADT
DV =3aV,DT




Average Expansion Coefficients for Some Materials

Near Room Temperature
Average Average
Linear Expansion Yolume Expansion
Coefficient (@) Coefficient (f)
Material rFo)! Material o)t
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p (g/cm®)
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(Nonequilibrium and Heat Flow)

Thermal Contact

t=0 TAO>TB0
t>0 TAo<T O, Tg>Tg0
f>o0 TA:TB
A B A B




1kg 14.5 15.5 1
kca

Quate™MCyaer DT
Chae—1 kcal/kg K (specific heat)
Q=mcDT
C=mc (heat capacity)
Q=CDT
1C c
2.

SPECIFIC HEATS OF SOME SUBSTANCES AT ROOM TEMPERATURE

LOLAR

SPECIFIC HEAT SPECIFIC HEAT
SUBSTANCE calfg- K Jeg- K Jinol- K
Elemental Solids
Lead 0.0305 148 6.5
Turgsten 0.0321 154 4.8
Silwer 00564 134 5.5
Copper 0.0923 336 4.5
Alurrdram 0.21% ano 4.4
Other Solids
Brass 0092 380
Granite 019 790
Glass 020 &40
Tee (—10°Ch 0.530 2220
Liguids
Wlercury 0.033 140
Fihyl alcohol 0.58 2430
Seawrater 093 3900

Water 1.00 4190
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kcal/kg

(latent heat)L

(phase transition)

Qtransform:L m

SOME HEATS OF TRANSFORMATION

(heat of transformation)

NMELTIMNG BOILING
MELTING HEAT OF BOILING HEAT OF
POINT FUSIOM Lz POINT WVAPORIZATION Ly

SUBSTANCE (K (kI (K (klfdeg)

Hydrogen 14.0 58.0 20.3 455

Ozxygen 4.8 13.9 00.2 213

Mezrcury 234 11.4 630 294

Water 73 333 373 1256

Lead a0l 232 2017 858

Silver 1235 105 2323 2336

\ Copper 1356 207 2863 4730
- | g
L o
[} |
Rumford(1790) Joule(1818- g
1889) (Work) =t
-1-'_:'-_'. =
==
W= JQ = | | q
J=4186 Jkca / . | ! . ]
mechanical equivalent of heat)
i'lu remil .||-J.:.I..|'_-| r




(Internal Energy)

(Heat Transfer Mechanisms)
(conduction) (convection)
(Conduction)

(Convection)

(Radiation)

(radiation)
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(Conduction)
T,-T DT
H=Q T T DT
Dt Dx Dx
T
k : thermal conductivity A
W/m K 7257 il I
i.u-.'l:g:r Homy for T =T - ||
1
— Ay p—
SOME THERMAL CONDUCTIVITIES AT ROOM TEMFERATURE
1 Wim-ED) (Wi D
Metals Building Merterials
Stainless steel 14 Polyurethane foarn 0.024
Lead 35 Rock wool 0.043
Aluminurm 235 Fiberglass 0.048
Copper 401 White pine 011
Silver 4323 Window glazs 1.0
Gases
At (dy) 0.026
Heliurn 0.15
Hydrogen 018
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H = sz(TH - Tx) = k1A(Tx - TL)

L, L,
TX
KL, +koL,
= A(TH - TL)
L /k +L,/k,
L/k=R (thermal resistance)
H = Ac(>TH - TL) — A(-I;H - TL)
a L’k aRr
/
\
R Valuesfor Some Common Building Materials
Material R value (ft?-°F-h/Btu)
Hardwood siding (1 in. thick) 0.91
Wond shingles (lapped) .87
Brick (4 in. thick} 4.00
Concrete block (filled cores) 1493
Fiberglass bawing (3.5 in. thick) 10,90
Fiberglass batting (& in. thick) 1580
Fiberglass board (1 in. thick) 4.535
Cellulose fiber (1 in. thick) A.50
Flat glass (0.125 in. thick) ]
Insulating glass ((.25-in. space) 1.54
Adr space (3.5 in, thick) 1.01
Stagnant air layer 017
Dirywall (0.5 in. thick) 0.45
Sheathing (005 in. thick) 142




(Convection)

(Radiation)
(thermal radiation)
(photon)
Sefan-Boltzman Law
P=seAT*
A
e (emissivity)
S 5.6703x 108 W/m2 K4

(

4~10mm)
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3K

P,=seAT.,*
P.=seA(Tg*T4

(black body)
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