Chapter 4:
Theoretical Physics



Brahe and Kepler




Newton
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Einstein: Superstar
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"They cheer me because they all understand me,
and they cheer you because no one understands you.’

— Chaplin fo Einstein



Fourth Dimension
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Old versus Young
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Black Holes
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Singularity
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Georgl, Glashow, Lawrence




Extrapolation

Projected World Population to 2150

Three scenarios

High Fertility:
2.6 Children
per Woman

Medium Fertility:
2.1 Children
per Woman
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Low Fertility:
1.6 Children
per Woman
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Source: UN, World Population Projections to 2150, 1998 m




WW Scattering
Amplitude

With what we know
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Nobel Prize 1979



Structure within
the Atom
Quark

Size <1079 m
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Size < 10718 m

Nucleus

Size ~ 10714 mE
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< Atont Size = 10713
Size = 10710 m

If the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.



















Standard Model

tt tit t force carriers
FERMIONS 'rsnp?n e=r1C/027'153/l2l'195r;2':'? BOSONS spin =0, 1, 2, ...

Leptons spin = 1/2 Quarks spin = 1/2 Unified Electroweak spin =1 Strong (color) spin =1
: Approx. - Mass Electric Mass Electric
Mass  Electric Electric
Flavor GeV/c2 charge Flavor G“£37z2 charge Name GeV/c2  charge Name GeV/c2  charge
electron -8 Y
Ve neutrino =110 Uup 0:003 413 -- m--
@ electron |0.000511 d down 0.006 ~1/3 W- 80.4 —1

muon <0.0002 C charm
M neutrino

JL muon 0.106 S strange

tau T to
T neutrino >

T tau b bottom

Why so many particles?
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With such weird masses?



