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Hydrogen'atom'

656*nm* 410*nm*

V*λ*=*405*nm*

G*λ*=*532*nm*

R*λ*=*650*nm**
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How*does*one*account*for*the*invariable*properFes*of*atoms?*

In'Newtonian'mechanics,'a'system'of'parKcles'can'have'any'iniKal'values'of'

posiKons'and'velociKes,'which'then'determine'the'course'of'its'evoluKon.''

How'then'can'there'be'atoms'with'invariable'properKes?*

Perhaps'atoms'are'vortex'rings'in'

some'kind'of'pervasive'fluid?'

W.'Thomson'1869'
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How*does*one*account*for*the*invariable*properFes*of*atoms?*

Vortex'knot'structures'are'now'returning'to'interest'in'atomic'physics'–'for'

rather'different'reasons'–'but'they'aren’t'the'source'of'atomic'structure'.'.'.*
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How*does*one*account*for*the*invariable*properFes*of*atoms?*

The'trouble'with'conKnuum'models'–'discovery'of'electrons'and'nuclei'that'

certainly'seemed'to'behave'as'parKcles.'

*
1911:*Rutherford’s'shocking'discovery'that'99.9%'of'the'mass'of'the'atom'is'

concentrated''in'a'10H15'of'its'volume.'

'

Atoms'are'mostly+empty+space+with'electrons'orbiKng'the'nucleus'under'the'
influence'of'longHrange'Coulomb'interacKons!'

'

Let’s'see'what'classical'mechanics'says'about'the'system'of'one'electron'and'

one'nucleus:'a'hydrogenHlike'system'''H,'He+,'Li2+,'.'.'.,'U91+'''''Ps'''''He'p'
_'
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NIST*Periodic*Table:*Atomic*ProperFes*of*the*Elements*

HighHresoluKon'image'at'

'

http://j.mp/NISTPT 
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Classical*equaFons*of*moFon*for*hydrogenNlike*systems*

Nucleus:'posiKon,'mass,'electric'charge'

'

Electron:'posiKon,'mass,'electric'charge'

'

FirstNorder*equaFons:*
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Why*is*it*essenFal*to*have*equaFons*of*moFon*that*are*firstNorder*in*Fme?*

Understanding'dynamics'of'a'system'S'–'whether'classical'or'quantum'–'

means'that'if'you'know'the'state'of'S'at'Kme't,'you'can'calculate'what'it'
is'at'Kme't'+'δt:'''

That’s'why'Schrödinger’s'equaKon'must'be'firstHorder'in'Kme!''Given'the'

wavefuncKon'at'Kme't,'''''''''''','we'find'+
'
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 (t+ �t) ⇡
"
1� i�tĤ
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Why*isn’t*Schrödinger’s*equaFon*secondNorder*in*Fme*like*other*wave*equaFons?***

Those'other'equaKons'(e.g.'Maxwell’s)'were'

packaged'“for'your'convenience”'as'secondHorder'

equaKons,'but'began'life'as'firstHorder'equaKons.''

'

As'is'our'classical'mechanics'of'hydrogenHlike'

systems,'in'Hamiltonian'form:'

Q:*“Where*does*milk*
come*from?”*
*
A:*“Milk*comes*from*a*
bojle.”*
*
Q:*“Silly!**The*bojle*
comes*from*a*shop!*When*
you*consider*first*
principles,*milk*comes*
from*a*shop!*
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