Quantum Mechanics

1 Momentum -+ Position

For a given wave, ¥ (x) we have:
Probability of finding particle in the range between x and dx:

[ (x)PPda

Square integrable functions
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Mean value of position:
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Mean square deviation of position:
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Uncertainty in position:
Az = /(2% — (a)?

Mean value of momentum:
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Solve using: '
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Similarly:
Ap = V/(p?) — (p)?
Check that: .
AxAp > 5
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2 Operators
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Kinetic Energy: R
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Angular Momentum: o
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Commutator:

3 Schroedinger Equation

Time evolution:

mgth(f, t) = HU(7 1)
Hamiltonian:
N =2 h?_, o
H=— rt) = —— r
o + V(7. t) 5 Ve + V(7))

Solving Schroedinger Equation:
ihglll(m t) = —h—QVQ\II(x t) 4+ V(x)¥(x,t)
ot S 2m ’ ’

Use separation of variables gives two equations:

z'hd(;;(tt) — E¢(t) — ¢(t) = e #5

Time independent Schroedinger equation:
H(x)y(z) = By (x)
Full time independend Schroedinger equation:
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+V(2)y(x) = Ey(x)
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4 Infinite Square Well

Square well:

V(z) ={0 — 0 <z < aJoo — otherwise}

Outside the well
P(zr) =0

Inside the well:
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General Solution:
Y(z) = Asin(kx) + Beos(kx)

Boundary conditions, continuity of W:
$(0) = ¢(a) =0
»(0)=B—=B=0
Y(x) = Asin(kx)

Y(a) = Asin(ka) — ky, = %r,n =1,2,3...

Energy:
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4.1 Time Dependence

Linear combination:

f(x) = Z Crnibn ()

() = \/jsin(kna:)

Co = [ dovi@)f(@)

In this case:

Fourier Series:

So time dependence is:
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5 Harmonic Oscillator



