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From Fig. 6.5.5.  
Principles of Symmetry, Dynamics, and 

Spectroscopy
W. G. Harter, Wiley Interscience, NY (1993)

                 Radio-frequency     Microwave  to   far-infrared                       Infrared                   Near-infrared to visible to ultraviolet to X-ray
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Frequency υ  
Hertz(sec-1) 
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GHz   109s-1 
MHz  106s-1 
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Wavelength λ  
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mm   10-3m 
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km    103m 
Wavenumber  
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Energy  ehυ  
electonVolts(e
V) 
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Example of frequency
hierarchy

for 16µm spectra 
of CF4 

(Freon-14)
W.G.Harter

Ch. 31
Atomic, Molecular, &

Optical Physics Handbook
Am. Int. of Physics

Gordon Drake Editor
(1996)



Example of frequency
hierarchy

for 16µm spectra 
of CF4 

(Freon-14)
W.G.Harter
Fig. 32.7

Springer Handbook of
Atomic, Molecular, &

Optical Physics
Gordon Drake Editor

(2005)
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Without nuclear spin: Forget all this stuff!

Goodbye clusters! (Goodbye Columbus)
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Example of extreme symmetry exclusion

... (and partial recovery)

Better Question: Where did those 1.15 octillion levels go?
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260=1.15x1018

hyperfine

states: I=0-30

Some examples of Fermi (non) Exclusion

Some examples of Bose Exclusion 12C60 is the “Achilles Molecule” (Felled by one neutron)
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[Harter, J. Mol. Spec. 210, 166-182 (2001)]



Web simulation 
Also, try testing or else markup

http://www.uark.edu/ua/modphys/markup/WaveItWeb.html

Click here….

..then here….

http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet
or:

Starts with Gaussian Ψ(φ,t) 
at  φ=0 on Bohr wave ring 
that expands and “beats”

φ=0

φ=0

φ=0

φ=±π

φ=+πφ=-π

φ=+πφ=-π

http://www.uark.edu/ua/modphys/markup/WaveItWeb.html
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet


Web simulation 
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https://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=Quantum%20Carpet




Set this and then click here….



[Harter, J. Mol. Spec. 210, 166-182 (2001)]

Less momentum 
uncertainty Δm

…gives more spatial  
uncertainty Δx

Greater Δm

…gives less Δx
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[Harter, J. Mol. Spec. 210, 166-182 (2001)]
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Unifying Relativity with Quantum Theory (Why a Men In Black candidate shot little Suzy)



 Men In Black candidate shot little Suzy

Bad Suzy! 
Relativity and Quantum Theory  
need to be unified in one book 
half the size of those old tomes! 

It’s called Relawavity.
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Three scenarios that look the same to Bob
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Much cheaper to do the 3rd scenario!$!
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Fig. 10 in text    
Relawavity...

BohrIt Web Simulation  
2 CW Minkowski  Plot  

(ck = -1, +4)
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RelaWavity Web Simulation - 16 Relativity Dimensions
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Review of Lect. 30 p.106

RelaWavity Web Simulation - Relativistic Terms 
(Expanded Table)
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RelativIt Web Simulation - Relativistic Events in 
Main Lighthouse’s Space-Time Frame

RelativIt Web Simulation - Relativistic Events in 
Ship’s Space-Time Frame

http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=22
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http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=24


A sketch of modern molecular spectroscopy
           The molecular frequency hierarchy    
           Units of frequency (Hz), wavelength (m), energy (eV), and wavenumber (cm-1)
           Spectral windows in atmosphere due to molecules
                    Example of~16µm (670cm-1) spectral hierarchy of CO2 (simple)
                     Example of~16µm (631cm-1) spectral hierarchy of CF4 (complicated)
                     Example of ~16µm (615cm-1) spectral hierarchy of SF6 (really complicated)
            Rotational Energy Surface (RES) analysis, J-vector geometry, and tunneling
                     Nuclear spin hyperfine effects rule mol-spec.

Quantum “revivals” of gently localized rotor waves:  
Bohr-rotor wave dynamics gives lessons for quantum number theory 
         Gaussian wave-packet bandwidth and uncertainty 
                    Gaussian Bohr-rotor revivals and quantum fractals 
Understanding fractals using geometry of fractions (Rationalizing rationals) 
        Farey-Sums and Ford-products 
        Ford Circles and Farey-Trees 

The simplest molecule: A pair of head-on lasers gives lessons for relativistic quantum theory 
         Light wave zeros draw Minkowski coordinate grid 
                  Relawavity geometry of waves defines space-time warp  
                                                                     …and per-space-time quantum mechanics          

Unifying Relativity with Quantum Theory (Why a Men In Black candidate shot little Suzy)

Physics of relativity is mostly simple trigonometry of optical wave interference!   
And, it derives fundamentals of quantum theory, too!



Trigonometric road maps

RelaWavity Web Simulation 
Relations between 

Hypergeometric and 
Hypergeometric functions

Physics of relativity is mostly simple trigonometry of optical wave interference!   
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Trigonometric road maps RelaWavity Web Simulation 
Relations between 

Hypergeometric and 
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Trigonometric road maps
Need to see how 
trig road maps 
match the 
physical maps 
on next 2 pages.   
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All this physics of relativity 
is mostly simple trigonometry 
of optical wave interference!   

And, it derives fundamentals 
of quantum theory, too! RelaWavity Web Simulation  

{Physical Terms - All Terms}
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RelaWavity Web Simulation  
{Physical Terms - All Terms}
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