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| Mars, Venus, Sirius, Castor, Pollux, Capella, Betelgeuse, Procyon

"The most remarkable discovery in all of astronomy is that
the stars are made of atoms of the same kind as those on the earth.’
Feynman Lectures on Physics I, 3-6 (1963)
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(2) Orders of magnitude and symmetry

the two pillars of spectroscopy
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The Born Oppenheimer constant

k=47 0.1
MN.

J. Chem. Phys. 47, 5410 (1967)



kHz MHz GHz THz Frequency (Hz)
| | |

103 106 109 1012 1015 1018
Wavenumber (cm)
| | | | | | | | | | | | | | | | |
108 10-3 1 103 106 109
Wavelength km m cm  mm MM nm A
1 1 1 | 1 1 1 1 1 | 1 1 1 1 1 1 |
LF HF VHF Muw IR UV X-ray v-ray
K2 K K2 K2 a?
chnt‘— er « Wrot‘— inb‘_ Welec “ mc*
2
VVI-I < K4 WJ-S < K4 WS'I < «
VV."J M/!-s WS'S
Wie
aZ




SYMMETRY
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The root of all symmetry principles lies in the assumption
that it is impossible to observe certain basic quantities; these
will be called ‘non-observables’.

Lee (1981)



1. Continuous space-time symmetry:
(a) time translation t — t + t (absolute time).
(b) space translation r — r + p (origin of space).
(c) space rotation r — Dr (absolute direction).

2. Discrete space-time symmetry:
(d) space inversion r — —r (absolute left and right).
(e) time reversal t — —t (absolute direction of

motion).

3. Permutation of identical particles (difference between

identical particles).



