
Annex A
Thermodynamics

Constants

NA = 6.022×1023 mol−1

R = 8.314 J mol−1 K−1

k =
R

NA
= 1.38×10−23 J/K

σ = 5.670×10−8 Wm−2K−4

c = 2.998×108 m/s

ρwater = 1 g/ml

Conversions:

1 L = 103 cm3

1 atm = 1.013×105 N/m2

1 cal = 4.186 J

1 Btu = 252 cal

1 eV = 1.6×10−19 J

1 hp = 746 W
Thermodynamics:

∆L = αL0∆T

PV = NkT = nRT

P = F/A

!F =
∆!p
∆t

TF =
9
5

Tc +32

T = Tc +273.15

Q = mc∆T

Q =±mL

W =−
Z Vf

Vi
PdV

∆Eint = Q+W

dE
dt

= κA
∣∣∣∣
dT
dx

∣∣∣∣

dE
dt

= σAeT 4

λmaxT = 2.898×10−3 m K

1
2

mv2 =
3
2

kT

P =
2N
3V

(
1
2

mv2)

Eint = (D.O.F.)
1
2

NkT

(D.O.F.  represents the number of 
degrees of freedom.)

∆Eint = nCV ∆T

CV =
(D.O.F.)

2
R

CP−CV = R

γ =
CP

CV

PV γ = constant  
(for adiabatic processes)

nV (E) = n0e−E/kT

(Boltzmann distribution)

Nv = 4πN
( m

2πkT

)3/2
v2e−mv2/2kT

(Maxwell-Boltzmann speed distri-
bution)

vrms =
√

v2 =
√

3kT
m

v̄ =
√

8kT
πm

vmp =
√

2kT
m

Weng = |Qh|− |Qc|

e =
Weng

|Qh|

eCarnot = 1− Tc

Th

dS =
dQr

T

∆S =
Z f

i

dQr

T

dS =
dQr

T
= nCV

dT
T

+nR
dV
V

(for an ideal gas)

See next page for tables of 
experimental values
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Tables of experimental values
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Annex B
Relativity

Relativity:

β = v/c

γ = (1−β2)−1/2

Lorentz-Einstein transforma-
tions

x′ = γ(x− vt)

y′ = y

t ′ = γ
(
t − vx

c2

)

x = γ
(
x′ + vt ′)

y = y′

t = γ
(
t ′ +

vx′

c2

)

Space-time invariant
S2 = (ct)2 − (x)2 = (ct ′)2 − (x′)2

Space-time interval

∆S2 = (c∆t)2− (∆x)2

       = (c∆t ′)2 − (∆x′)2

Space contraction:

L = Lp/γ

Time dilation
∆t = γ∆tp

Doppler effect

f ′ =
(

1−β
1+β

)1/2
f

Velocity transformations

ux =
u′

x + v
1+ vu′

x/c2

uy =
u′

y/γ
1+ vu′

x/c2

u′x =
ux − v

1− vux/c2

u′y =
uy/γ

1− vux/c2

Momentum and energy
!p = γm!v

K = (γ−1)mc2

E = K +mc2

E2 = (cp)2 +(mc2)2

Physical constants

c = 2.997×108 m/s

me = 9.11×10−31  kg

mp = mn = 1.67×10−27  kg

e = 1.6×10−19  C

eV = 1.6×10−19  J
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Annex C
Astrophysics

Constants
L! = 3.826×1026 W
R! = 6.96×108 m
M! = 1.989×1030 kg
T! = 5770 K

M⊕ = 5.974×1024 kg
R⊕ = 6.378×106m

c = 2.997 924 58×108 m/s
σ = 5.670×10−8 Wm−2K4

h = 6.626×10−34 J s
kB = 1.381×10−23 J/K
e = 1.602×10−19 C
Eu = 931.494 MeV/u
eV = 1.602×10−19 J
1 AU = 1.4960×1011m
1 ly = 9.4605×1015 m
1 pc = 3.2616 ly

Astrophysics

b =
L

4πd2

m1−m2 = 2.5log
(

b2

b1

)

m−M = 5log
(

d
10

)

M = 4.77−2.5log(L/L")
λmaxT = 2.898×10−3 m K

L = σAT 4

binary system:

m1(M!)+m2(M!) =
(AAU)3

(Tyears)2

m1

m2
=

a2

a1
=

v2

v1
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