Physics 300: Fundamental Equations

Special Relativity

Length contraction and Time dilation: L = Lo/v(v) T = Toy(v)
Lorentz transformations: x = y(v)(z' + vt') t =)t +va'/c?)
Velocity addition: u, = % Uy = W

Doppler shift (approaching):  f = for/ 1= 1+5 A= Aoy /= 1+ﬁ

Inertial mass and momentum: Mipertial = W(U)m P=~y(u)m
Total Energy and Kinetic Energy: E = y(u)mc? KE = ch (v(u)=1)
Four vectors (u=10,1,2,3): z* = (ct, T) = (FE,pc)
Invariants:  s* = —(z#)? = 22 — 22 m204 = (p")? = E? — p?c?
Nuclear Binding Energy: BE = (ZM[*H]+ NM|n] — M[A])c?
Nuclear Reaction Energy (A+ B — C+ D): Q = (M[A] + M[B] — M[C] — M[D])c?
where = v/c and v(v) = L

1-v2/c?’

Early Quantum Theory

Blackbody radiation: E()\) = ke INT) = 288
Wein and Stefan-Boltzmann Laws: AyT = 2.898 x 1073 m K R=o0T*
Photoelectric and Compton effects:  €Vipop = he/A — ¢ AN = Ao (1 — cosb)
Rutherford scattering: gg = ﬁje/z D, = iﬂfg;
Naer = (ntAp) Nime 47, (445t)
Bohr Model: R, = naq B,=-3, Ey=1lpc—

mima

o = e2Mred Mred = mi+ma
Moseley’s a-ray formulas: E,, =(Z —1)?Ey(1—n"2%) E,, =(Z—T74)?Ey(5: —n"?)
de Broglie and Bragg diffraction: p=h/\ = hk 2dsinf = n\
Schroedinger Theory
Wave Parameters: w =2n/T =2nf k=2m/\
Heisenberg uncertainty relations: AxAp, > /2 AtAE > h/2
Time-dep. Schroedinger equation: ( e 2y V(z )) U(z,t) = ih 2 U(z,t)
Static Schroedinger equation: ( S 8902 +Vi(x )) Y(z) = By(x), where U(z,t) = p(z)eFL/h
Boundary conditions: U(z,t) and M continuous at each boundary.
Square well: Py (z) = \/gsm (mrx/L) En = h;mi;
Operators: P, = —zh% I=x = zh%
Probability and expectation values: dP(x — z + dx) = ¢*(x)¢(z)de < O >= [dz *(x)Oy(x)
Harmonic oscillator: () = NyHy(z/a)e™2/° where a = /] (mw)

E, =hw(n+1/2) and w = \/ksp/m

and N,, normalizes the wavefunction: 1 = fj;o [V, (z)|?dz



Atoms and Molecules

Radial Schroedinger Eq. :
Hydrogen wavefunctions:

Spherical Harmonics:
Hydrogen quantum numbers:
Electron magnetic moments:

Zeeman and Stern-Gerlach:
Angular momentum addition:

(similarly for L and S)

Spectroscopic notation:

Diatomic molecules:

Solid State
Crystal energetics:
Fermi gas model:
Fermi-Dirac Distribution:

Drude model of conduction:

Nuclear

Nuclear size and shape:
Nuclear Energetics:
Semiempirical Mass Formula:

Decay law:

Nuclear radiation.::

Constants
c=3.00 x 108 m/s
mg = 1875.6 MeV /c?
he = 1240 eV-nm
c=567Tx1008 Wm2K™*
Ao = P =243 %1073 n

MeC

5 =

(6r2 +7 r BT)
Ynim, (1,0, ¢) = R (1)Yim, (0, ¢)

LY, (0,6) = N1+ 1)Yin, (0,0)  L:Yin, (6, 6) = ey Yim, (6, 0)
n=123,..;n>1; -l <m; <+I; multiplicity = 21 + 1
—gjHBM;, Where for orbital a.m., g; = 1 and for spin a.m., g; = 2

+ h27lr(LH;1) + V( )) Rnl(r) =E, R, (T)
Ri(r) = \ /& 7™ (g5.)

Mz =

U= _” B= ginem;B F, = gj,uij%
Jrot = J1 + J 2 = J1l < Jtor < J1+ J2
(271 +1)(2j2 + 1) = >_,(24; + 1), where j; are allowed values of jio

{s;p,d, f,g,;h,...} = 1=1{0,1,2,3,4,5,...}
Erot = % = Qh:jfijé)z, Eyip = hw(n + 1) where w = %

ksp = V' (19) where rq is the separation; transitions: Al = +1

U(r) = —Q— + T% Equilibrium: ”(lg =0
AN = 2Yold n= N/V =S
frp(BE,T) = (eB=Fr)/FT 1 1)=1 pp = J&

P= o ImMrp = 55—

R =rgAY/3 p(r) = po(1 + er—1)/a)=1
BE[*Z] = (ZM['H] + NM[n] — M[*Z]) ¢*

BEsp[*Z] = av A — aaA?3 — agy(N — Z)? A7 —a, Z(Z — 1)A71/3
N(t) = Noe /7, O — _N(1)/7 Half-life: t; /5 = In(2)7
a-decay: 47 — (A=N(Z —2) +* He
B~ -decay: 47 — MZ+1)+e 41,
y-decay: 4Z* —4 7+~

me = .511 MeV/c?
1eV=16x10"17]
hc =197.3 eV-nm

= 1.44 eV-nm

m, = 938.27 MeV /c?
u (amu) = 931.49 MeV /c?

For Hydrogen:

47re

jp = g2 = 5.7884 x 1077 eV/T
Madelung constant for cubic crystal: a = 1.7476

Nuclear shape parameters: g = 1.2 fm, pg = 0.14 fm~

3.4 =0.65fm

Semiempirical mass formula parameters: {ay = 14 MeV, ag = 13 MeV, asym = 19 MeV, a. = .72 MeV}
Carbon-14 dating parameters: 7 = 8267 yr, atmospheric 4C/12C = 1.2 x 10712

my = 939.57 MeV /c?
h=6.63 x 10734 J-s
kg =138x10722 J K1 =8617x107° eV K1
ag = 0.0529 nm, Ey = 13.6 eV



