PHY355 Useful Formulae

Relativistic Energy and Momentum:

P =7mv

E = ymc?

Energy-momentum invariant:
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For photons: E =pc

Lorentz Transformations:
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Length Contraction:
1=1lp(1 —v?/c)/?

Time Dilation:
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Doppler shift for light:

A space-time invariant:
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Bohr formula for transition wavelengths in any one
electron atom:
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where R is the Rydberg constant (109677 cm~!) and
7 is the atomic number.

Planck Blackbody Spectral Distribution:
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Wein’s Law:
0.00290 m-K
)\max = f

Compton scattering :
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Mosley formula for characteristic x-rays:
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Rutherford « scattering :
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Rutherford angle-impact parameter relation:
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X-ray diffraction equation :

nA = 2dsinf
de Broglie wave relation: A = 2

Heisenberg unbestittheit principle:
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One dimensional time dependent Schrédinger
equation:
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One dimensional time independent Schrédinger
equation:
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Particle in a box wave functions and energies:

[2 . nrmz hm?n’t
lpn(.fll', t) = E Sin T eXp(—’Lm)

m2h2n2

E,=20
n 2mL?

Harmonic oscillator (potential V(z) = 1kz?) first

few wave functions and energies:
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where ¢ = Yk g2 and w = \/E.

Transmission through a barrier (tunneling):
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for kL much greater than 1:
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where k = /2m(Vp — E)/h

Transmission above a barrier:

SE

-1

where k = \/2m(E — V) /h

Hydrogen atom wave functions and energies:
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where ag = 470/~

angular momentum L = /(I + 1)k
and projection L, = my;h
Zeeman energy Vp = %mlB

Maxwell-Boltzmann Distribution

Faus (B) = Aesp(—)

Constants and conversions:
Boltzmann constant

ky = 1.381x 10723 J/K
Speed of light in a vacuum

c=2.998 x 10 m/s
electron mass

me = 9.11 x 103! kg = 0.511 MeV/c?
proton mass

m, = 1.6726 x 1027 kg = 938.27 MeV /c?
neutron mass

my, = 1.6749 x 107 kg = 939.57 MeV/c?
Stefan-Boltzmann constant

o =5.67x10% W/m?K*

Planck’s constant

h = 6.6265107%* J -5
= 4.136z10 % eV -s
o= 1.0564z107%* J.s

= 6.579z107 % eV -5

Combinations:
he = 1.986421072° J-nm
= 1239.8 eV -nm
he = 3.1615210726 J.nm
= 197.33 eV -nm

kyT = 0.0253 eV at room temperature

1eV=1.602x10"1°7]



