A Brief Tour of Physics:
From Stars to Spin

% University of Colorado Boulder



What is Physics?

Our functional definition:

Discovering and applying a model of a physical

system, formalized in mathematics, to predict
its past and future behavior.




Stars (Night Sky)

* Inspiration!

* Predictable motion

http://s.wallpaperhere.com/wallpapers/1



Motion (Kinematics)

* First model: point masses

* Equation of motion:

x(t) = Asin( wt + @)

* Extend to rigid bodies (angular velocity etc.)




What Causes Motion?

Newtonian view: forces

—_—

F,..e = ma

Implies conservation of momentum (mv)

http://www.unm.edu/~caps/caps-handouts/free-body.html



Conservation of Energy

* Total energy of a closed system constant
* Energy in motion or potential energy (field)

* No direct energy meter!

Lagrangian View: Minimize Action

RN

http://www.unm.edu/~caps/caps-handouts/free-body.html




Statistical Mechanics

* Using micro to understand macro
* Large numbers of particles
* Probabilities become “laws”
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http://images.flatworldknowledge.com/averillfwk/averillfwk-figio_o14.jpg



Electricity and Magnetism

* Charges - electric forces, field

* Moving charges - magnetic forces

* Electric current - magnetic field

* Changing magnetic field - electric field

* Light is electromagnetic wave




Spectroscopy

Continuous Spectrum

Emission Lines

Absorption Lines

* Every element has a unique spectra
* Atoms can emit or absorb light
* Amazing tool for discovery!!

http://astro.unl.edu/naap/hr/graphics/Spectral_lines_en.png



Blackbody Conundrum
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* Shorter wavelengths, more should fit??
* Classical physics prediction incorrect

(o

* “Ultraviolet catastrophe”

http://www.quarkology.com/12-physics/94-ideas-implementation/images/94B-pic-black-body-radiation.png



Quantization
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Bohr Model

* Quantized energy levels
* Helps explain atomic spectra

Bohr atomic model of a nitrogen atom

-

http://www.quarkology.com/12-physics/94-ideas-implementation/images/g4B-pic-black-body-radiation.png



Pauli Exclusion and Spin

Spin: “intrinsic” angular momentum |

Bosons: integer - the wave



Waves and Interference

Hallmark of a wave is interference

A double slit experiment
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ave vs. Particle
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Matter (like electrons) exhibits interference

http://wwwg.nau.edu/microanalysis/Microprobe-SEM/History.html



What is Wavmg7

A probability amplltude of (often) mixed states

Left Hand Circular Polarization

Horizontal Linear Polarization

Observation “collapses” the wavefunction




Uncertainty Relations

* Spread in time — peaked in frequency
* Peaked in time — spread in frequency
* Analogous to position and momentum

Heisenberg:
ApAx ~h

http://cdn.head-fi.org/6/63/6391a115_Fourier+examples.jpg



You Are Star Dust!

All elements above lithium baked in stars,
released in supernoval!l
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