
ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 03

Week 4: Light / Solar System
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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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Life on  
Mars 

VENUS?!?!?!

JCMT ALMA
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“blueshifted”
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Allows us to infer motions 
along the “line of sight”

Doppler Shift
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Lines are not delta functions!
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i.e., the difference b/t energy levels is NOT exact

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

Other Types of Broadening

• Thermal Broadening 
• Rotational Broadening 
• Turbulent Broadening

• Natural Broadening 
• Pressure Broadening 
• Zeeman Broadening

broadened
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Natural Broadening
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dNphot

dt
= n2A21
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⇠ 1 s�1
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(permitted) 

(forbidden)

Heisenberg uncertainty principle

�x ·�p & ~
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Broadened Line Shapes
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Lorentzian Profile 
(natural broadening)

Gaussian Profile 
(realistic broadening)
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Lines are not delta functions!
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i.e., the difference b/t energy levels is NOT exact

Other Types of Broadening

• Natural Broadening 
• Pressure Broadening 
• Zeeman Broadening

broadened

Dense environments, 
frequent collisions induce 
electric fields that modify 

energy levels
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Doppler Broadening
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Thermal Broadening
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Velocity distribution of particles in thermal 
equilibrium have a Maxwell-Boltzmann distribution
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Avg. particle speed Avg. particle 
kinetic energy
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Doppler Broadening
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Thermal Broadening
line-of-sight “velocity dispersion” 
(width of a Gaussian distribution)
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Lines are not delta functions!
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i.e., the difference b/t energy levels is NOT exact

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

• Thermal Broadening 
• Rotational Broadening 
• Turbulent Broadening

broadened
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Radiative Transfer / 
mfp / optical depth /  
Blackbody Spectra
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Solar System
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Mass Fractions

Sun

Rest
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Mass Fractions

Sun

Rest Earth
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Structure of the Sun
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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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Temperature & Density Profiles of the Sun

= 10-3 kg/m3
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https://www.youtube.com/watch?v=W_Scoj4HqCQ

Photons ultimately brought 
by convection cells

Texas 
~1000 km
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Photosphere: Limb Darkening
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Venus
T1

T2

⌧ = 1
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<latexit sha1_base64="sHV6YBeql3OIFHKE+Jb/f3pbKyA=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7QVAvEuLFYwJ5SbIss5PZZMjs7DIzK4QlX+HFgyJeBf/CL/DmxW9x8jhoYkFDUdVNd5cfc6a0bX9ZmZXVtfWN7GZua3tndy+/f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+8mfiteyoVi0Rdj2LqhrgvWMAI1ka6q3sldI3qnuPlC3bRngItE2dOCuWj2jd7r3xUvfxntxeRJKRCE46V6jh2rN0US80Ip+NcN1E0xmSI+7RjqMAhVW46PXiMTo3SQ0EkTQmNpurviRSHSo1C33SGWA/UojcR//M6iQ4u3ZSJONFUkNmiIOFIR2jyPeoxSYnmI0MwkczcisgAS0y0yShnQnAWX14mzVLROS9e1UwaFZghC8dwAmfgwAWU4Raq0AACITzAEzxb0nq0XqzXWWvGms8cwh9Ybz+3dZLE</latexit>

I�(T2) > I�(T1)

<latexit sha1_base64="/aCqRw8CZPgWT/0NeSnId2p2XzI=">AAACCnicbVDLSsNAFJ3UV62vqEs3Y4vQIpSkCOpGim50V6G1hSaEyWTSDp08mJkIIXTtxqW/4caFIm79Anf9G6ePhW09MHA451zu3OPGjAppGCMtt7K6tr6R3yxsbe/s7un7Bw8iSjgmLRyxiHdcJAijIWlJKhnpxJygwGWk7Q5uxn77kXBBo7Ap05jYAeqF1KcYSSU5+vGdYzEV9xAsN51aBV7BOcWsOHrJqBoTwGVizkipXrROX0b1tOHoP5YX4SQgocQMCdE1jVjaGeKSYkaGBSsRJEZ4gHqkq2iIAiLsbHLKEJ4oxYN+xNULJZyofycyFAiRBq5KBkj2xaI3Fv/zuon0L+yMhnEiSYini/yEQRnBcS/Qo5xgyVJFEOZU/RXiPuIIS9VeQZVgLp68TB5qVfOsenmv2rgGU+TBESiCMjDBOaiDW9AALYDBE3gF7+BDe9betE/taxrNabOZQzAH7fsXJPWa/w==</latexit>



ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 03

Corona: high T allows particles to reach vesc
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t� ⇠ 5⇥ 109 yr
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Ṁ ⇠ 108 kg/s

⇠ 10�14 M�/yr
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Mass Fractions

Sun

Rest

Saturn

Jupiter


