Physics 213 For mula Sheet
Constants, Data, Definitions
0 K =-273.15C = —459.6 PF
Na= 6.022 x 16°/ mole
k=1.381 x 107°J/ K =8.617 x 10 eV / K

R =kNa = 8.314 J / mol-K = 8.206 107 I-atm / mol-K
1 atm = 1.01% 10° Pa 1 liter = TOM®
STP> T=0C;p=1atm

h=6.626x 10°J.s = 4.136 10°eV-s

h = h/2t = 1.055% 10°>*Js
1eV=1.6010"°]

c =2.998x 10° m/s

He = 9.2848x107%4)/T

me= 9.109 x 10* kg
g=9.8m/é

Fundamental L aws/Principles:
First law dU = dQ+dW
Second Lawdo/dt >0

POQ =¢"
Classical equipartitiofenergy = %2 kT per quadratic term

Entropy & TemperatureS = lo = kInQ ; EE(EJ
T ou ),

Heat CapacitiesC, =(0U/0T), ; G=(a( U+ pY/a 1)

Up=1.4106x 10%° J/T
p= 1836 m
= 1.673x10" kg

Special properties of a-ideal gases

U =aNKT =a nRT pV=NKT Rot=PL++...
Cv =aNk =anR G =C/ +Nk  n=# moles = N/
Clov = (@ +1)/a =y Wpy = NKT In(Vs/V;i) v
VT =const., or pV=const,y=(@+1)/a | g 32 5/3
Wiy = aNk (T1 = T2) =a (pV1— Vo) . @® 5/2 7/5

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

Processes , Heat Engines, etc

AU = Q — W, W, = pdVv
Quasistatic: dS dQ/T soAS =[(C/T)dT
dQ =dU + pdVv

€camot= 1-Tc/TH

Diffusion and Heat Conduction Fall 2010
D= (¢%31)=v//3 T=/(N

<x*>=2Dt <f>=6Dt

J« = KAT/AX, K =Dnc where c=G/V

Hy =J A =AT/R R = dkKA AL/L = a AT

TA® =T¢ + (Tag - T VT, 1= RpCa

Spins
N! N!
Q(N, N,)=
7 Ny Ng,!

NN LQm)=2[ 2 e Py )2

M= (Nup— Ndown) H = My,
SHO

Po=(1 - &) e™T; <E> =¢e/(6"" - 1) e=hf;

Counting, Bin Statistics, Entropy

Occupancy (N<<M)
0 Unlimited Single Dilute
. N M
Distinct M = M
Identical (N*MD! AL M"
T N(vm- (MN)IN! N!
INN'=NInN-N
Equilibrium

-E

KT -E
Boltzmann P, = de .7 < > de Vi

Z b
Free energieskF =U -TS G=U -TS+ pV
Chemical potential

oF 0G I
= (NJV,T: (a—ij’T; equnlbrlumZ(A Ny =

Hi = KT In(n/nri) —4; (ideal gas)

M = Nu tanh (uB/KT)

-1)1!

o-@*rN-1!
g!(N -1)!

Particle _mass/mol

N,  28g

G 329
He 49

Ar 409
CO, 449
H 29

Si 28g

Ge 739

Cu 649

Al 279
1g = 10°kg

c
0 n.

aA+bB-cC =
alla +bpig = Clc

[
— QC CcA/KT
n*n® n® n® ©

A B QA QB

ng = (2mkT/H)*? = (16°m3) (m/m,)*?(T/300K)*?

-A2KT

Semiconductors nny=n> ; N=ng€

Thermal Radiation
J=0gT*, o0g=5.670x108W/m?*K*

AmaxI= 0.0029 m-K



