Quantum Mechanics

Quantum Mechanics

Schrodinger Equation

Hy(r t) = —h—QA+L{(r) P(r,t) = 'hg'(p(r t)
U 2m P T M AT

Where H is a hamiltonian operator. If H is time
independent separation of variables gives:

W(r.1) = B(r) e i
hZ
The general time dependent solution is:
P(r,t) = Zan . i’(r)e_%Et

Where a,, are found through the boundary condi-
tions (t = 0):

an, :/@n*(r)-i/)(r,t:O) dr

Operators
Linear Operator

F(a®, +b®y) =a-F®, +b- F&, Y&, &,

Eigenvalue, Eigenfunction
Fup = fpun
Uy is a eigen function to the operator F with cor-

responding eigenvalue f,.

Hermitian Operator
/(Hu) w0 dor = /u*Hvd?’r7 Yu, v

A hermitian operator has real eigenvalues and cor-
responding eigenfunctions can be choosen to be or-
thonormal. Practically all operators in quantum me-
chanics are linear and hermitian.

Eigenfunction Expansion
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Expansion Postulate

At a meassurement of an observable F' on a system
described by a wavefunction 1 only eigenvalues of
the operator F' can be found. The probability of the
result F' = f, is given by
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Momentum Operators
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L? and L, have normalized eigenfunctions

Y7 (8, ) for which it holds that:

L*Y = RA(L+ 1)1

LT = mhYP
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Commutators and Momentum Operators

1 ijk even
€ijk = § —1 5k odd

0 otherwise

[zi,p;] = ih- &y
(i, L] = ih- €5 - )
[Li, Lj] = ih - €;jp - L
(x5, 2] = [pi,p;] =0
[pi, Lj] = ih - €1, - i

Jy = Jo+idy
J_=J,—id,

Jyde=J>—J2+h-J,

[Ty, J_] =2h-J.

[J., Je] = £h- Jx

Jidim =G —m)G+m+1-h ¢jmi

J-tim=\VG+m)G—m+1-h ¢jm
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Applications

0.0.1 Low potential with infinitely rigid walls

in one dimension
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P, (x) =
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Harmonic Oscillator 1D

1
U(z) = imw2x2 = 5]@3:2

N, = (Q"n!)—l/z (%)1/4

Hermites polynom:




The wave equations can alternatively be written:

i) =0 (2~ ae) e

ug(w) = e~/

Spherical Symmetric Potential

Ulr)=U(r)
H= —QT:T,Z % {ﬂ;ﬂ] + %12 +U(r)
Htppim (1) = Enim$nim (T)
() = “ 0y (0,0)
Radial equation:
f%j—;G(r) + % +U(r)| G(r) = EG(r)

Hydrogen-like Atom
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The Schrodinger equation simplifies to:
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P(r)=0

Radial wave functions of hydrogenic atoms:
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Disturbance Calculations

Time independent disturbance:
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Time dependent disturbance:

H=H+H'

HO Time independent
Ho%%, = Epty,

Hy' =ih g
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Periodic Potential
I
Y = Zam”(t)w" Vi) 0 nle+d)<z<nla+bd)+a
n xTr) =
. Vo nla+b)+a<z<(n+1)(a+b)
G = _ie—i(Em—En)t/n CH
h nm Continuity Requirements:
”Golden Rule”
. . Lo k4K .
The transition probability per unit of time wy,; for a coskia-cos kab— ik sin kya-sin kb = cos(k(a+b)), Vo < E
transition from the state 1; to a group of states F' = 12
{1} with energy sin EY for a system characterized
by the state density p(E) is given by: 2 2

k
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Phase and group speed:
Dispersion (Born Approximation) w dv dE
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Effective mass:
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For spherical symmetrical potential:
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K J,

f(&mn) = sin(Kr)-r-v(r)dr, |K| = 2k-sin <5)
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Spherical box-potential:

— <
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0 r>a

f(&mn) = —27;;‘/0 _sin(Ka) —Iga cos(Ka)

Screened Coulomb Potential:
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