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Symmetry'in'quantum'physics'

Use'construcGve'approach'to'find'potenGal':''

a'secGon'cut'along'the'axis'x
1
'–'note'cusp'at'0

'

Coulomb*potenEal** 1s*ground*state*of*hydrogen*atom* Bohr*radius*



Symmetry'in'quantum'physics'

Go'to'dimensionless'variable'ρ'NOW.'



Invideo'quiz'

'

$E'='\epsilon'\frac{\hbar^2}{M'a^2}$'where'E'

is'an'energy,'$\hbar$'is'the'reduced'Planck'

constant'and'$a$'is'a'length.'What'are'the'

dimensional'units'of'$\epsilon$?''

\vspace'{8'pt}'

$[M][L]^2[T]^{=2}$'

\vspace'{8'pt}'

$[M][L]^2[T]^{=1}$'

\vspace'{8'pt}'

$[M]^0[L][T]^{=2}$'

\vspace'{8'pt}'

$[M]^0[L]^0[T]^0$'correct'

\vspace'{8'pt}'



Symmetry'in'quantum'physics'

Isolate'singular'points'now.''First'near'ρ'='0.'



Symmetry'in'quantum'physics'

r'='0'is'a'singular'point'for'the'kineGc'energy'operator.''Need'regular'
soluGons'there.'
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Symmetry'in'quantum'physics'

Isolate'singular'points'now.''First'near'ρ'='0.'

Now'we'face'the'issue'of'large=ρ''behavior.''Square=normalizable'states'eventually'

encounter'a'barrier'region,'''''''''''''''''''''''','where'divergence'must'be'suppressed.'



Solving'the'Schrödinger'EquaGon'

Pair'of'universal'soluGons:'Airy'funcGons'

Both'oscillatory'for'ρ'<'0'

Ai:'quantum'bouncing'ball'

Bi:'scanning'tunneling'microscope'

http://dlmf.nist.gov/9.3#F1 



Symmetry'in'quantum'physics'

Here'we'get'specific,'and'treat'the'hydrogen'atom'

(with'infinite'nuclear'mass).''Hence'M'='me'and'(in'

Gaussian'units)'

when'a'='a
0
,'the'Bohr'radius.'



Symmetry'in'quantum'physics'

Now'for'bound'states'we'have'ε'='=κ2/2'<'0,'so'we'set''

Two=term'recurrence'

relaGonship'in'j:'solvable'



Symmetry'in'quantum'physics'

Bo_om'line:'if'n'is'highest'non=vanishing'term'

in'series,'then'

Otherwise'soluGon'diverges'exponenGally'at'

large'ρ.'



Solving'the'Schrödinger'EquaGon'

Try'iteraGve'approximate'numerical'soluGon'using'spreadsheet'

in'AddiGonal'Materials'


