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Annex A
Thermodynamics
Constants Vy (Maxwell-Boltzmann speed distri-
W=—- PdVv bution)
Ny = 6.022 x 10%> mol ™! Vi
_ — 3kT
R=8314 Jmol ' K™! ABin = Q+W s = Va2 = /2
_ R _ —23 d_E — d_T
k_ZVA_l.38><10 J/K I o o [mr
m
6=5670x 10 Wm 2K+ dE _ _, -4
dt 2kT
Vimp =\ ——
c=2.998 x 10® m/s mp m

Pwater = 1 g/ml

Conversions:
1L=10%cm’

1 atm = 1.013 x 10° N/m?
1 cal=4.186]J

1 Btu =252 cal
1eV=16x10""7]

1 hp=746 W

Thermodynamics:
AL = algAT

PV = NkT = nRT

P= F/A
= Ap
F=—
At
9
Tr = =T.+32
5
T=1T1.4+273.15
QO = mcAT
Q=+mL
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AnaxT = 2.898 x 10> m K

1 - 3
EmVZZEkT
2N 1 —
_ vl
3v (3™)

1
Eini = (D.O.F.)ENkT
(D.O.F. represents the number of

degrees of freedom.)
AEint = nCVAT

(D.O.F.)

R
2

Cy =

Cp—Cy =R

PVY = constant
(for adiabatic processes)

ny(E) = npe E/KT

(Boltzmann distribution)

m \3/2 2
—4 ( ) 2 —mv*/2kT
N, TN kT ve

Weng = |Qh’ - |Qc|

o — Weng
| Ol
T
€camot — 1 — 7
C Th
40,
ds = Q
T
f
AS:/ dQ,
i T
doQy dT av
d = e —_— R—
S T nCy T +n %

(for an ideal gas)

See next page for tables of
experimental values
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Tables of experimental values

Average Expansion Coefficients for Some Materials Near Room Temperature Molar mass of selected gases

Averagc.: Linear Avcrng? Volume Molar mass
Expansion Expansion Gas (g/mol)
Coefﬁcielnl Coeﬂicielnl 8
Material (a)(°C) Material (B)(°C) Hy 902
Aluminum 24 % 1076 Alcohol, ethyl 1.12 X 1071 He 4.00
Brass and bronze 19 % 1079 Benzene 1.24 X 1071 HyO 18.0
Copper . 17 X 10 :’ A(‘('Imj(' 1.5 X 10 : Ne 9().9
:::;m :([:’(llll;)lr}') ‘7'5: ;( :g . f\’llyccrm :2; : ::: ‘ Ns or CO 98.0
slass (Pyrex 32 2 Mercury .82 ; v .
Lead 29 X 1076 Turpentine 9.0 x 101 ) 3?'0
Steel 11 X 106 Gasoline 9.6 % 107! 02 32.0
Invar (Ni=Fe alloy) 0.9 x 1076 Airt at 0°C 367 x 1073 COy 44.0
Concrete 12 % 1070 Helium?® 3.665 x 102 SO 64.1

Latent Heats of Fusion and Vaporization

Latent Heat Latent Heat of
Melting of Fusion Boiling Vaporization

Substance Point (°C) (J/kg) Point (°C) (J/kg)
Helium = 269.65 523 X 10% - 268.93 2.09 X 10"
Nitrogen ~209.97 2.55 X 10" ~195.81 2,01 X 107
Oxygen - 218.79 1.38 x 10* - 182.97 2.13 X 10°
Ethyl alcohol —114 1.04 X 107 78 8.54 X 10°
Water 0.00 3.33 X 10° 100.00 2.26 X 10%
Sulfur 119 3.81 x 10* 1441.60 3.26 X 10°
Lead 327.3 2.45 X 10* 1 750 8.70 X 10°
Aluminum 660 3,97 X 10° 2 450 1.14 X 107
Silver 960.80 8.82 x 10* 2193 2.33 x 10®
Gold 1 063.00 6.44 % 10" 2 660 1.58 X 10°
Copper 1083 1.34 X 10° 1187 5.06 % 10°

Specific Heats of Some Substances at 25°C

and Atmospheric Pressure

Thermal Conductivity
Specific heat ¢ Substance (W/m-°C)

Supetmice L S alg e Metals (at 25°C)

Elemental solids Aluminum 238

Aluminum 900 0.215 Copper 397

Beryllium 1 830 0.436 Gold 314

Cadmium 230 0.055 Iron 79.5

Copper 387 0.092 4 Lead 84.7

Germanium 322 0.077 Silver 497

Gold 129 0.030 8

Iron 448 0.107 Nonmetals

Lead 128 0.030 5 (approximate values)

Silicon 703 0.168 Asbestos 0.08

Silver 234 0.056 Conorate 0.8

Other solids Diamond 2 300

Brass 380 0.092 Glass 0.8

Glass 837 0.200 lce 2

Ice (—5°C) 2 (090 0.50 Rubber 0.2

Marble 860 0.21 Water 0.6

Wood 1 700 0.41 Wood 0.08

Liquids Gases (at 20°C)

Alcohol (ethyl) 2 400 0.58 AT 0.023 4

o B
c ’ Hydrogen 0.172

Gas Nitrogen 0.023 4

Steam (100°C) 2010 0.48 Oxygen 0.023 8
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Annex B

Relativity
Relativity: Space contraction: Momentum and energy
B=v/c L=L,/y p=ymv
y=(1—B>)"1/? Time dilation K = (y—1)mc?
Lorentz-Einstein transforma- Ar="Alp E =K +mc*

tions

¥ =y(x—vt)
y =y

VX
' =vy(r— ﬁ)
xX= 'y(x/+vt’)
y=y

vx/
t=vy(r ?)

Space-time invariant
§* = (ct)® = (x)? = (ct')? = ()

Space-time interval

AS? = (cAr)? — (Ax)?
= (cAr')? — (AY)?
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Doppler effect
/ 1—B 1/2
#=(izp)
Velocity transformations
oty
1+ v, /c?

L mY
S e

Uy

u/ - I/tx—V
Tl —vuy/c?

r iy /Y

Y —vuy/c?

E> = (cp)’ +(mc®)?
Physical constants
c=12.997 x 108 m/s
me=9.11x1073" kg

Mp = Mn = 1.67 x 10_27 kg
e=16x10""
eV=16x10"177
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Annex C

Astrophysics
Constants c=12.997 924 58 x 108 m/s Astrophysics
Lo, =3.826 x 10 W 6 — 5.670 x 10~% Wm—2K* L
) po L
Rs =6.96x 10° m h=6.626%10"1Ts and?
30
M@ =1.989x 10 kg kB — 1.381 x 10723 J/K My — my — 2510g (_2)
To =5T70K e=1.602x10"1°C by
E, =931.494 MeV/u
u —M =5log | —
MEB :5974X 1024 kg eV: 1602X 10719] n Og (10>
1y = 9.4605 x 10'5 m AmaxT =2.898 X 107> m K
1 pc =3.26161y L — GAT*
binary system: 5
A
mi(Me) +ma (M) = Aaw)
(]}ears)

mj as V2

mz ai Vi

R R
-8 [ [ [ T T [ [ [ T T
Classical Cepheids Luminosity vs Period relation
e
® 7
S
—_— T
% /////
€ 1
2 7
24
2 B
) ///
x T
8 —
o, 7
0
1 10 100

Light curve period of the star (days)
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