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Infinite square well
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Harmonic Oscillator
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Perturbation theory
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Spin-orbit, Zeeman, Clebsch-Gordan
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Identical particles
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Time-dependent perturbation theory

HY = ih22 W@ = pBe B ¢ = —2Hye by, ¢ = — = Hpe 0y, Hy, = (gl H|Wp),
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Sinusoidal perturbation: H'(#,t) = V(¥) cos wt. Two-level system: ¢, (0) = 1, ¢, (0) = 0, ¢, (t) =

it ’ I i I 3.0 4 12 sin?[(wo—-w)t/2] . _ -
_%fo Hpa(t) et dt"  Po_p(t) = lcp(t)]? = 23 = (w(zo_:))z /2 with Vap = (Wa V(@) |Yp);
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Spontaneous emission rate: A = sl with |go| = q(P |7 W,)
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Electric dipole selection rules: No transitions occur unless Am = +1 or 0 and A€ = +1

Quantum statistical mechanics
Distinguishable Particles: ng = gge~(Fs~#/ksT |
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Indistinguishable Bosons: ng = SEs—m/kET_7’
.. . . X _ Is
Indistinguishable Fermions: ng = SEsW/k5T 11
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Planck blackbody radiation: p(w) = —;w//,EZTC_I) ;
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Photon density of states: g(®) = ——-;
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Phonon energy: U = O9NkgT (E) fo PravE
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Low temperature (T < ©p) heat capacity C,, = a—lT] lv = 12NSBH (@l) ;
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Particles of mass m in a 3D infinite square well of sides L X L X L have eigenstates:
k= %(nx,ny, nz),nx =1,2,...etc. and energy E = h?k?/2m
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Fermi function, or occupation index,
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For infinite square well potentials: %J 2m(En -V (X))dX =zn,withn=1,2,3,..;
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For finite wells: I 2m(En -V (X))dx = ﬂh[n - %j ,withn=1,2,3,...;
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For tunneling: w(x) = Lexpl:i l_“ P cjass (X')|dx‘] ; Toce™,
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Variational principle
Eground state < <¢|H|¢> for any d}

Mathematical Formulae
sin(a + b) =sinacosbh + cosasinb
cos(a + b) = cosacosb + sinasinb

Law of cosines: ¢ = a? + b? — 2ab cos 0 [ x sin(ax)dx = %sin(ax) - %cos(ax);

[ x cos(ax) dx = %cos(ax) + gsin(ax) foox” e /% x = nla™*!
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Integration by parts: f:fz—zdx = - f;%g dx + fg|
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Binomial expansion for x<<1: (1+x)" =1+ nx + ——
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