Position eigenstates and wavefunctions

Energy eigenstates
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Position eigenstates
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* Follows from properties of displacement operators
“*Act on an arbitrary coherent state to prove

/ “Pogition wavefunction of Fock state n”
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Wavefunctions of energy eigenstates (Fock states)

Energy eigenstates
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Position eigenstates
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* Follows from properties of displacement operators
“*Act on an arbitrary coherent state to prove

/ “Pogition wavefunction of Fock state n”

In) = Z U, (z')|x = z') energy eigenstate in the position basis

lz =12') = Z U* (z')|n) position eigenstate in the energy basis

position operator

Zln) = zoy/nin—1) +xovn+1ln+1) =z ), (\/ﬁ\lfn_l(:c’) +v/n + 1\I/n+1(x’)) lz = 2')

Eln) = 3y Un(@)2|z = 2') = 3y 2'Vn(2') |z = 2')

\} Vria(2) = s (S0 (a) — Vs (@)

momentum operator

Recursion
v_1=0

piny = 53 Tal@)le) = Y (-im) T

A . A

0:[ : ]0:0
410) = [2- + 22 1o

oV I I
» zWo(x) + 2:1:(2) (,;:Ex) =0 Uy(z) = (2ml2)1/4 exp [ — (x/Zxo)z]




Where is the oscillator?

Wavefunction Probability density
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Ground state corresponds to “motion” —> quantum fluctuations
Excited states oscillate more the higher the energy
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n=2

Where is the oscillator? It can be where it cannot be classically!

Potential Energy E
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Classical Turning Point
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9 )\dB De Broglie wavelength
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The higher the energy the harder to see the wave!



Electrical circuits
are oscillators too!

i

p — charge
r — flux

m — capacltance
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From oscillator to a qubit
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Wave functions and time evolution of an energy superposition state

— Z (I)(aj,) ‘aj — :E’) Some initial state with a known wavefunction (67)

How to work out this evolution? The same ket can be decomposed over the Fock states:
=) daln) (68)

Theretore,
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Example: coherent state
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https://en.wikipedia.org/wiki/File:Coherent_state_gif.gif



What is wave-function of a position eigenstate?
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Find numerical eigenvectors of
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Approximate wavefunction for position eigenstate with eigenvalue x’
The higher Nmax, the more accurate the wavefunction is!



