Formula Sheet Exam 1-3

Thermodynamics and Kinetic Theory:
AU =Q+ W, pV =nRT, K =3kgT = 1mv?
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U=2NkgT, kg=R/Na

Lorentz transformation along x-direction

;o ;L v B 1 ;U — U ;L Uy
vEAeme), E=m gty Y= WS om e YT oo

Time dilation and length contraction:
At =~At, L'=L/y (At, L: “proper” time, length)
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Relativistic Doppler effect :  f' = f , c=fax=f'XN

Relativistic 3-momentum and energy

pg=~mi , E=ymc* = \/p?2 +m?c*, K=FE —mc®, i = %02 . Myouna = m1 +mq + Ep
Total energy and momentum conservation: Fiy, = Foy P;n = ﬁout
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Thomson experiment: % = %
Blackbody: I = P/A = oT* | ApaxT = const (const =2.9-1073mK) ,
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Photoeffect: Kpax = leVi] , Knax =hf—¢ , K= %mevz
Compton effect: ' — X = A\.(1 — cosO)
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X-Ray spectra: E, = (Z —1)*Ey(1/n] —1/n3)
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de Broglie wavelength: A = —
p
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Phase and group velocity: vy, = % =cy| 1+ <
p

Quantum mechanical probability density: P(z,t) = |[¢(z,t)|?

Uncertainty principle: Az Ap2— , At AEZ
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Gaussian wavepackage: |¢(z)|* =
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Schrodinger equation: —%@\P(l’, t)+ U(x)@(;:, t)2 = Zha‘lf(x, t)
: L 0 ~ h" 0 B
time part: zhagb(t) = E¢(t) , space part: —%@dj(x) + U(z)y(z) = EY(z)
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Operators: T =z, p= —zha , K= o E= Zf:L&
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Expectation values: (O) = /dxw*(x)@w(x) , Uncertainty: AO = ,/(0?) — (0)?
Potential energy levels:
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finite square well (small n): E, ~ n?

infinite square well: E,, =
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simple harmonic oscillator: E, = (n + i)hw with w? = —
m
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Tunneling: T(E) = {1 + 1 [E(UIOJO—E)} sinhQ(aL)} with o? = m(;?) L 0= =~
sinhz = L(e* —e™™) , R(E)+T(E)=1
1 Uz - 2m(E — U
Barrier scattering: T'(E) = {1 + 1 {E(EEUO)} SiHQ(kQL):| with k3 = m(h20)

Constants and Conversions

c=3-10m/s, kp=2862-107°eV/K , R=831J/K -mol , o =5.67-10"°*W/(m?K*) ,
e=16-107"C, 1eV=16-107"J, 1 MeV =10%eV , 1GeV =10V ,

lu = 1.66-107%" kg = 931.5 MeV/c*, m, = 938.3MeV/c*, m, = 939.6MeV/c*, m, = 511 keV/c?,
1fm=10""%m, 1nm=10"m,

h=663-10""Js=4.14-10""%eVs , h=h/(27) , A\ = h/(mec) = 0.00243 nm |,
he=1.24-10"%Vm = 1240eVnm , he = 197 eVnm = 197 MeV fm

ap = 0.0529nm, E; = ke*/(2a9) = 13.6¢eV, R=1.1-10"m™' = 1/(91.2nm), ke* = 1.44eVnm



