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Constants, Data, Definitions 

• Absolute zero:   0 K =  −273.15°C =  −459.67°F                                             

• Avogadro’s number:  NA = 6.022 × 1023 / mole  

• Boltzmann constant:   k = 1.38 × 10−23 J

K
= 8.617 × 10−5 eV

K
   

• Universal gas constant: R = k NA = 8.314
J

mol∙K
= 8.206 × 10−2 ℓ∙atm

mol∙K
 (Universal gas const.) 

• Planck’s constant:  h = 6.626 × 10−34 J ∙ s = 4.136 × 10−15 eV. s,  ℏ =
h

2π
= 1.055 × 10−34 J. s , 

• Magnetic moments:  electron: μe = 9.2848 × 10−24 J

T
 , proton: μp = 1.4106 × 10−26 J

T
 

• Mass:    electron: me = 9.109 × 10−31kg  ,  proton: mp = 1836 me = 1.673 × 10−27kg        

• STP:    T = 0°C , p = 1 atm, V = 22.4 liters 

• Stefan-Boltzmann constant: 𝜎𝐵 = 5.670 ×
10−8W

m2K4  

• c = 2.998 × 108 m

s
 ,  1 eV = 1.602 × 10−19 J  , g =  9.8

m

s2  ,1 atm = 1.013 × 105 Pa , 1 liter = 10−3 m3  

Classical Equipartition:  

Per quadratic degree of freedom, < Energy >=
1

2
kT        

 

Fundamental laws/ Principles  

• 1st Law: dU = dQ + dWon = dQ − dWby  

• 2nd Law: 
dσ

dt
≥ 0 

• Pi ∝ Ω ≡ eσi  
                                                               

Entropy and Temperature:    

 S ≡ kσ ≡ k ln Ω,   
1

T
≡ (

∂S

∂U
)

V,N
 

 

Heat Capacities:  

 CV ≡ (
∂U

∂T
)

V
  ,  Cp ≡ (

∂(U+pV)

∂T
 )

p
 

 

Thermal processes 

• Wby = QH − QC  

• Carnot condition: 
QH

QC
=

TH

TC
, ϵCarnot = 1 −

Tc

TH
 

• ΔS = ΔSH + ΔSC =
QH

TH
+

QC

TC
 

• dF = dU − Tenv dS = −dWby, dU = CVdT,   ΔS = ∫ (
C

T
) dT

Tf

Ti
    

Equilibrium with a reservoir 

• Boltzmann statistics: Pi =
e

−
Ei
kT

Z
, Z ≡ ∑ e−

Ei
kTi   

• Free Energies: F ≡ U − TS, G ≡ U − TS + pV 

• Chemical potential:  

μ ≡ (
∂F

∂N
)

V,T
= (

∂G

∂N
)

p,T
, ∑(ΔNi)μ = 0 at equilib.

i

  

μi = kT ln (
ni

nTi
) − Δi (ideal gas) 

Particle g/mol 

N2 28 

O2 32 

He 4 

Ar 40 

CO2 44 

H2 2 

Si 28 

Ge 73 

Cu 64 

Al 27 

1g = 10−3kg 



Special properties of 𝛂 −ideal gasses 

• U = αNkT = αnRt,    pV = nRT = NkT, 
• CV = αNk = αnR, Cp = CV + nR, 

• 
Cp

CV
=

α+1

α
= γ 

• S = CVln (
Tf

Ti
) + Nk ln (

Vf

Vi
) 

 
Heat conduction 

• Jx =
κΔT

Δx
,   HX = JxA =

ΔT

Rth
,  Rth =

d

κA
,    

ΔL

L
= αTΔT 

• TA(t) = Tf + (TA(0) − Tf)e−
t

τ, τ = RthCA  
 

Diffusion  

• D =
ℓ2

3τ
=

vℓ

3
, τ =

ℓ

v
, < x2 >= 2Dt , 〈𝑟2〉 = 6Dt 

 
Spins 

• N = Nup + Ndown, M = (Nup − Ndown)μ = Nμ tanh (
μB

kT
) 

• Ω(N, Nup) =
N!

Nup!Ndown!
 

• P(m) =
Ω(m)

2N     

 

 

SHO  

• Pn = (1 − e−
ϵ

kT) e−
nϵ

kT, 

• < E > =
ϵ

eϵ/kT−1
 

•   ϵ = hf, Ω =
(q+Nosc−1)!

q!(Nosc−1)!
  

 
Counting, Bin Statistics, Entropy 

 

Stirling’s formula:   ln N! ∼ NlnN − N, for large N 

 

Semiconductors: 

• nhne = ni
2, ni = nQe−

Δ

2kT 

• nQ = (
2πmKT

h2 )
3/2

= (1030m−3) (
m

mp
)

3

2
(

T

300K
)

3/2
 

 

Thermal Radiation 

• J = σBT4 
• Power = J × (area)   
• λmaxT = 0.0029 m ∙ K 

 

 

 
 

 α γ 
Monatomic 

gas 

3/2 5/3 

Diatomic gas 5/2 7/5 

3D Harmonic 

oscillator 

3 4/3 

Process dU dQ 𝐝𝐖𝐨𝐧 = −𝐝𝐖𝐛𝐲 

Isothermal, T= const.  0 dQ = −dWon 

Q = −Won 

dWon = −pdV, 

Won = nRT ln(Vi/Vf)  
Adiabatic, Q=0 

PVγ = const.  
TαV = const. 

dU = dWon

= CVdT 

0 dWon = −pdV, 

Won = α(pfVf − piVi)   
= α nR(Tf − Ti) 

Isobaric, p= const. dU = CVdT dQ = CpdT dWon = −nRdT 

Isochoric, V= const. dU = CVdT dQ = CVdT 0 

Table for number of states 𝛀 

Kind of particles Occupancy 

Unlimited Single Dilute 

Distinguishable MN M!

(M − N)!
 

MN 

Indistinguishable (N + M − 1)!

N! (M − 1)!
 

M!

N! (M − N)!
 

MN

N!
 


