Chapter 6:
Quantum Mechanics
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Sidney Coléfnan

Quantum Wierdness



Youngs Double Slit

Thomas Young's Double Slit Experiment
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FIRAS data
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J.J. Thomson




J.J. Thomson




J.J. Thomson
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Electron Gun

Steenng Magnets
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Gold foil
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emitter

Detecting screen




Bohr and de Broglie
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probability waves






Light Waves Interfere




Interference




Probability Waves
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Electron
Double Slit

(a) After 28 electrons

(b) Alter 1000 alectrons

(c) Atter 10.000 electrons
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(d) Two slit electron pattern




Heisenbergs Uncertainty
Principle
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Uncertainty Principle




Light Waves

Energy ~ frequency
1

wavelength
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Electron Microsco
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We Need

wavelength = LSBT L .
1,000,000,000,000,000,000

Energy = 10,000,000,000,000 eV



Large Hadron Collider

™ ~ —~ .
M s oo s

- ) -~y \ y \\l . . < % - w
SN U e, ,‘s. e 2 WY Sl S SS 200 Vioa -
J; "% f.c;' 19 r,. ’ . . f’, . > ‘ R

» 7 N



Large Hadron Collider
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Weak Scale vs Planck Scale
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Quantum Spin

unchanged if we rotate by:



Stern-Gerlach
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Stern-Gerlach
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Bose and Fermi




Fermion Spin




Fermion Spin

Rotate once
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Fermion Spin

Rotate twice

-1 x -1 =+l



Bosons and Fermions

force carriers
spin =0, 1, 2, ...

BOSONS

Unified Electroweak spin = 1 Strong (color) spin =1
Name Mass Electric Name Mass Electric
GeV/c2  charge GeV/c2  charge

FERMIONS

Leptons spin=1/2
Flavor Mass2 Electric
GeV/c4 charge

p_ electron

A _ <1x10-8
neutrino

€ electron |0.000511

muon

M neutrino SUHI

0.106

M. muon

tau
T neutrino

7T tau

matter constituents
spin = 1/2, 3/2, 5/2, ...

Quarks spin = 1/2
Approx. .
Flavor Mass  Electric
GeV/c2 charge

U up

d down

C charm

S strange

t top

b bottom




Superfluids:
Bose-Einstein
Condensaﬂon




Superconductor




2001 Cornell, Ketterle, Wieman
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Bosons Fermions




