Physics 213 Formula Sheet

Constants, Data, Definitions

Particle g/mol
e Absolute zero: 0K= —273.15°C = —459.67°F N g 28
e Avogadro’s number: N, = 6.022 x 1023 / mole 02 30
e Boltzmann constant: k=138x1072° ) — 8617 x 107°— i He 4
e Universal gas constant: R=KkN, = 8.314— = 8.206 X 10 2 fam (Universal gas const.) Ar 40
mol-K mol-K b COZ 44
e Planck’s constant: h=6.626%x1073*]-s=4136x10"%eV.s, A = == 1.055 x 10734 ].s, H, 2
e Magnetic moments: electron: p, = 9.2848 x 10‘24% , proton: p, = 1.4106 x 10‘26% Si 28
e Mass: electron: m, = 9.109 x 10~3'kg , proton: m, = 1836 m, = 1.673 x 10~27kg ge gi
¢ STP: T=0°C, p=1atm,V = 22.4 liters A‘f >
8
e Stefan-Boltzmann constant: oz = 5.670 X ——- 10 W 1g = 10~%kg
o c=2.998x108?, 1eV=1.602x10" 19] g = 98— ,1atm = 1.013 x 10° Pa, 1 liter = 1073 m3
Classical Equipatrtition: Thermal processes
Per quadratic degree of freedom, < Energy >= %kT e Why, =Qu—Qc
e Carnot condition: 2 = T—H, €carnot = 1 — Ie
.. Qc Tc Ty
Fundamental laws/ Principles e AS=AS. +AS. = Qi Q
o ILaw:dU =dQ+ dW,, = dQ — dW,, — ToH CT oy T
e 29Law %30 o dF = dU - Tep, dS = —dW,, dU = CydT, AS=[['(Z)dT
e P (= e Equilibrium with a reservoir
Ej
T _ e KT _ _E
Entropy and Temperature: e Boltzmann statistics: P, = o Z=Y,e kT
S=ko=klnQ, 1_ (ﬁ) o Free E_nergles: F_EU—TS, G=U-TS+pV
T \U/yN e Chemical potential:
oF
ities =(— AN;)u = 0 at equilib.
Heat Capacities: il <6N)V,T <aN>pT Z( Du = 0 at equili

e=(5),  &=(5),

ui = KTIn (—) — A; (ideal gas)
Nj



Special properties of a —ideal gasses

e U = aNKT = anRt, pV = nRT = NKT, _ o |y
¢ Cy=aNk=anR, C, = Cy +nR, Monatomic 3/2 | 5/3
Cp _ o+l _ gas
o oy = Diatomic gas | 5/2 | 7/5
T¢ 3D Harmonic | 3 | 4/3
* S=Cyln (T_) + Nkln( ) oscillator
Process du dQ dW,, = —dW,,
Isothermal, T= const. 0 dQ = —dW,, dW,, = —pdV,
Q=—-Won Won = nRT In(V;/Vp)
Adiabatic, Q=0 dU = dW,, 0 dW,, = —pdV,
PVY = const. = CydT Won = a(psVs — piVi)
TV = const. = anR(Tf —T,)
Isobaric, p= const. dU = CydT | dQ = C,dT dW,, = —nRdT
Isochoric, V= const. dU = CydT | dQ = CydT 0
Heat conduction
KAT AT d AL
* k=7 Hx=lA=¢— Rnm =7 T =ardT
t
o Ta(t) =T+ (Ta(0) — Tpe 5, T = Ry Cy
Diffusion
2
. L e 2Dt,(r?) = 6Dt
3T 3 v
Spins
B
* N =Ny + Nagwn, M= (Nup = Naown)it = Nutanh ()
N!
© ONN) = o

Q(m)

° P( )_

SHO
e P = 1— e kT )e kT
(-
. <E>——ee/kT T
e e=Hhf Q = @*Nosc=D!
q!(Ngsc—1)!

Counting, Bin Statistics, Entropy

Table for number of states Q
Kind of particles Occupancy
Unlimited Single Dilute
Distinguishable MN M! MN
(M —N)!

Indistinguishable (N+M-—1)! M! MN

NM-1D! |[NM=N)!| NI

Stirling’s formula: In N! ~ NInN — N, for large N

Semiconductors:

A
e nune =nf, n; = nge T

21tmKT
* nQ_( h? )

Thermal Radiation

e J=o0gT*

e Power =] X (area)

® AnaxT =0.0029m -K
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