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Foundatlon stronomy PO A

Week 4: Light / Solar System

HW 2 past due (any submission before now is OK)
HW 3 due on Thursday @ 10:45am

Read Ch. 5 (except 5.5),
and 7.1, 8.1-2, 11.1-2 for Thursday
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unshifted

Longer wavelength

Lower frequency

“redshifted”

unshifted

Allows us to infer motions
along the “line of sight”
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Lines are not delta functions!

..e., the difference b/t energy levels is NOT exact

Motion-induced Broadening
(small Doppler shifts cause Other Types of Broadening
lines to appear more broad)

e Thermal Broadening e Natural Broadening
e Rotational Broadening * Pressure Broadening
e Turbulent Broadening e Zeeman Broadening

IR | )
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Natural Broadening

dN. phot Heisenberg uncertainty principle
= ng Ao
at Ax - Ap 2 h
Ax
Ao ~ 1()8 S_l (permitted) ( - )(Ap ' C) Z h
~ 1 g1 (forbidden) At-AE 2 h
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Broadened Line Shapes

Lorentzian Profile
(natural broadening)

Gaussian Profile
(realistic broadening)
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Lines are not delta functions!

..e., the difference b/t energy levels is NOT exact

Dense environments,
frequent collisions induce

electric fields that modify Other Types of Broadening
energy levels

e Natural Broadening

* Pressure Broadening

> broadened

Transitions

without magnetic field with magnetic field
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Doppler Broadening

Blueshift Blueshift
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Velocity distribution of particles in thermal
equilibrium have a Maxwell-Boltzmann distribution

m \3/2 , mu?
F(v)dv—élW(QWkT) v exp( 2kT>dv

¢ of molecules

(z) = /xf(a:)daz

Hot gas
8kT 3
w0 =/ (B) = 2kt
™ 2
Avg. particle speed Avg. particle
speed v Kinetic energy
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Doppler Broadening

Blueshift N Blueshift
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Lines are not delta functions!

..e., the difference b/t energy levels is NOT exact

Motion-induced Broadening
(small Doppler shifts cause
lines to appear more broad)

e Thermal Broadening
e Rotational Broadening =———p

e Turbulent Broadening

ey g 8 e
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Radiative Transfer /
mfp / optical depth /
Blackbody Spectra



Solar System
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Mass Fractions
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Mass Fractions
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Structure of the Sun

Core:
~15 million K
H —> He fusion produces Sun’s photons

Photons take ~100,000 years to travel
through the Sun, then take 8 min to reach
the Earth

Temperature decreases outside the core
until it falls to 5780 K at the “surface”
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Internal structure:
Inner core

radiative zone
convection zone
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Subsurface flows
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Photosphere

Chromosphere
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Temperature & Density Profiles of the Sun
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Photons ultimately brought
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Energy producedin | B ...is carried outward ...then by
the Sun's core... first by radiation... convection...
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) ...then away from
the Sun by radiation.
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by convection cells

https://www.youtube.com/watch?v=W_Sco0j4HqCQ
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Photosphere: Limb Darkening
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Corona: high T allows particles to reach vesc
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Mass Fractions
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