Physics 213 Formula Sheet
Constants, Data, Definitions
0 K = -273.15 °C = -459.67 °F
Na=6.022 x 10%/ mole
k=1.381x102J/K=8.617x10°eV /K

R =kNa = 8.314 J / mol-K = 8.206 x 102 I-atm / mol-K
1 atm = 1.013 x 10° Pa 1liter=103%m?

STP > T=0°C;p=1atm

h=6.626 x 102 J-s = 4.136 x 10 ® eVs

h = h/2r = 1.055 x 10* J-s
1eV =1.602x 10

¢ =2.998 x 10 m/s

te = 9.2848 x10724/T
me=9.109 x 10" kg

g = 9.8 m/s?

mp = 1836 m
=1.673x10 %" kg

Fundamental Laws/Principles:
First law: dU = dQ+dW Second Law: do/dt>0

PocQ ,=e”

np=1.4106 x 102 J/T

Classical equipartition (energy) =¥ KT per quadratic term

Entropy & Temperature: S = ko = kInQ ; lz(as

T

Special properties of a-ideal gases
U = aoNKT = a nRT pV=NKT
Cv =aNk=anR Cp=Cyv +Nk

' o
VT*=const,, or pV'=const, y=(a+1)/a | g 3/2

Wpy = aNK (T1—To) = a (p1V1 — p2Va) | @® 5/2

AS =CylIn (Tf/Ti) + Nk In (Vf/Vi) e

Processes , Heat Engines, etc

AU = Q — Wy, Wy = | pdV
Quasistatic: dS = dQ/T so AS = [(C/T)dT
dQ =dU + pdV

€camot = 1-Tc/Th

U
Heat Capacities: C, =(eU/eT), ; C, E(<9(U+pv)/aT)p

jV,N

Ptot = P1 + P2 t...
n = # moles = N/Na
CP/CV: ((X.+ 1)/(X:Y Wby: NKT |n(Vf/V|) FoTTTTomTom e

Y
5/3
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Diffusion and Heat Conduction

D= ((%3t)=v(/3 1= (/N
<x*>=2Dt <r’>=6Dt

Jx = Kk AT/IAX, x=Dnc where c=Cy/V
Hy=J A =AT/Ry, R = d/xA

TA® =Ti+ (Tao- TP eV, 1=RyCa
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o AT

: Q(m)=2" fi e ™ p(m) = Q(m)/2"
7N

M = (Nup - Ndown) w = my,
SHO

M = Npu tanh (uB/KT)

+N-1)!
Pn = (1 _ e-g/kT) e-r‘lg/kT : <E> - Sl(es/kT _ 1) 8:hf; Q — M
q!(N-1)!
Counting, Bin Statistics, Entropy
Occupancy (N<<M) Particle_mass/mol
0 Unlimited Single Dilute N, 289
o . M1 | Oz 329
Distinct M RN M He  4g
. Ar 409
Identical (N+M-Y! M! Mz CO, 449
NI(M-1)! (M=N)IN! NI H, 2g
Si  28g
InN!_zN_InN—N Ge 73
Equilibrium Cu  64g
A « Al__ 289
Boltzmann: P, = 5 Z=) de 19=10""kg

Free energies: F=U -TS G=U-TS+ pV

Chemical potential:

oF oG .
=|— | =|—=—1 ;equilibrium AN Ju. =0
" (aN)V,T (aij,T | 2.(AN )

pi = KT In(ni/ng;) — A; (ideal gas)

aA+bB+cC =

apa + bus = cpc
n° ¢

c Qc
nn® n®n®
QA QB

A B

CA/KT
e

no = (2nmkT/h?)*? = (10*°m™3) (m/m,)*? (T/300K)*

-AI2KT

Semiconductors neny=ni’ ; Ni=nqe

Thermal Radiation
= o T", 0p=5.670x 10 W/m?K*

Amax 1=

0.0029 m-K



