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Week 7: Still Stars
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Today: Stars cont. 
Midterm 1 Review 

Tomorrow: VP Debate 

Thursday: Midterm 1 Exam

HEAP Jamboree 

Video available on Ubox: 
https://uofu.app.box.com/s/

7upgc6vn7q92l35xfogrwutapsutvjrm
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• The science that gets done in the US is the science that gets funded 
• Astronomy is primarily funded through the NSF, NASA, and DOE 

• NASA is 0.5% of the total budget, science activities make up <10% of that 
• If a candidate does not choose to listen to scientists, they will make uninformed 

policy decisions that affect the progress of humanity 
• Human-induced climate change exacerbates droughts and storms (hence the 

increase in fires and hurricanes), costing billions 
• The scientific consensus about this is comparable to that on gravity 

• While how COVID-19 spread was somewhat unclear early on, it is better 
understood now and masks and social distancing are known to be effective 

• Science is a METHOD: observe, theorize, explain, predict, argue; transparently

VP Debate - Science Policy
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Breakout Discussion 
http://www.astro.utah.edu/~wik/courses/astr2500fall2020/slides/week6.pdf 

Then 

Whiteboard
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http://www.astro.utah.edu/~wik/courses/astr2500fall2020/slides/week6.pdf
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Midterm 1 Review!
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Sky Coordinates (RA/Dec)
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Rise/Set Times & Precession
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How do Galileo’s observations of Venus support 
the heliocentric model of the solar system?
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Kepler’s 3 Laws
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(1) (2)

P 2 =
4⇡2

G(M +m)
a3
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Generic Orbits & Energetics
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Parabola 
e = 1 

Etot = 0

Circle 
e = 0 

Etot < 0 (minimum 
for a given L)

Ellipse 
0 < e < 1 
Etot < 0

Hyperbola 
e > 1 

Etot > 0
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Liiiiight
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�E = En � En0 =

(13.6 eV) Z2


1

(n0)2
� 1

n2

�

<latexit sha1_base64="bqw9mgF8fHl5v7Lg+vyS8IO63Cw="></latexit>

(Energies correspond to 
neutral hydrogen)

Energy Levels
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Emission / Absorption Processes
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Radiative 
Recombination

Collisional 
De-excitation

Spontaneous 
Emission

Stimulated 
Emission

Photoionization Collisional 
IonizationPhotoexcitation Collisional Excitation
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“blueshifted”

“redshifted”

unshifted

unshifted

z =
��

�
=

�⌫

⌫
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Allows us to infer motions 
along the “line of sight”
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Doppler Shift
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Lines are not delta functions!
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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Velocity distribution of particles in thermal 
equilibrium have a Maxwell-Boltzmann distribution

F (v)dv = 4⇡
⇣ m

2⇡kT

⌘3/2
v2 exp

✓
�mv2

2kT

◆
dv
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F (E)dE = F (v)
dv

dE
=

2p
⇡kT

✓
E

kT

◆1/2

exp

✓
� E
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◆
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hxi =
Z

xf(x)dx
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hvi =
r

8kT
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hEi = 3

2
kT
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Avg. particle speed Avg. particle 
kinetic energy
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Radiative Transfer / Optical Depth / LTE
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I⌫ = I0,⌫ exp[�⌧⌫(x)]
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⌧ = n�x
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1
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J⌫ =
2h⌫3

c2
1

eh⌫/kT � 1
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L = 4⇡R2�SBT
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Exoplanet Detection
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Direct

Radial 
Velocity

Transit
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Measuring Stars
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d =
1 pc

⇡00
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F =
L

4⇡d2

<latexit sha1_base64="A20D9edo4FNjCbSppC3D50Cd0E0=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJSkFdCEVBXLioYB/QxDKZTtqhkwczE6GEbPwVNy4UcetnuPNvnLZZaOuBC4dz7uXee7yYM6ks69soLC2vrK4V10sbm1vbO+buXktGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdHVxG8/UiFZFN6rcUzdAA9C5jOClZZ65sE1ukCOLzBJb7O0hpyYof5DNeuZZatiTYEWiZ2TMuRo9Mwvpx+RJKChIhxL2bWtWLkpFooRTrOSk0gaYzLCA9rVNMQBlW46fSBDx1rpIz8SukKFpurviRQHUo4DT3cGWA3lvDcR//O6ifLP3JSFcaJoSGaL/IQjFaFJGqjPBCWKjzXBRDB9KyJDrNNQOrOSDsGef3mRtKoVu1Y5v6uV65d5HEU4hCM4ARtOoQ430IAmEMjgGV7hzXgyXox342PWWjDymX34A+PzB6dXlTE=</latexit>

m2 �m1 = 2.5 log(F1/F2)

<latexit sha1_base64="D8jUbYeYI17aZtBYg3dEr5AmkXQ=">AAACCXicbVDLSgMxFM3UV62vUZdugkWoC8eZoaIuhKJQXFawD2iHIZOmbWhmMiQZoQzduvFX3LhQxK1/4M6/MW1noa0HEk7OuZebe4KYUals+9vILS2vrK7l1wsbm1vbO+buXkPyRGBSx5xx0QqQJIxGpK6oYqQVC4LCgJFmMLyZ+M0HIiTl0b0axcQLUT+iPYqR0pJvwtB34Ym+HXgFXesMdhjvw1JVv09h1XePfbNoW/YUcJE4GSmCDDXf/Op0OU5CEinMkJRtx46VlyKhKGZkXOgkksQID1GftDWNUEikl043GcMjrXRhjwt9IgWn6u+OFIVSjsJAV4ZIDeS8NxH/89qJ6l14KY3iRJEIzwb1EgYVh5NYYJcKghUbaYKwoPqvEA+QQFjp8Ao6BGd+5UXScC2nbF3elYuV6yyOPDgAh6AEHHAOKuAW1EAdYPAInsEreDOejBfj3fiYleaMrGcf/IHx+QNsXZW8</latexit>

m = C � 2.5 log(F )

<latexit sha1_base64="52vGX9bI8kJKg1omhPJWWGigWEU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXVhmSkVdCMWCuKxgH9AOJZNm2tAkMyQZoQ7FX3HjQhG3/oc7/8a0nYW2HrhwOOde7r3HjxhV2nG+rczS8srqWnY9t7G5tb1j7+41VBhLTOo4ZKFs+UgRRgWpa6oZaUWSIO4z0vSH1YnffCBS0VDc61FEPI76ggYUI22krn3A4RWswlNYKp7BDgv7sHBz0rXzTtGZAi4SNyV5kKLWtb86vRDHnAiNGVKq7TqR9hIkNcWMjHOdWJEI4SHqk7ahAnGivGR6/RgeG6UHg1CaEhpO1d8TCeJKjbhvOjnSAzXvTcT/vHasgwsvoSKKNRF4tiiIGdQhnEQBe1QSrNnIEIQlNbdCPEASYW0Cy5kQ3PmXF0mjVHTLxcu7cr5yncaRBYfgCBSAC85BBdyCGqgDDB7BM3gFb9aT9WK9Wx+z1oyVzuyDP7A+fwCeY5Ij</latexit>

m�M = 5 log

✓
d

10 pc

◆
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Mbol = 4.74� log (L/L�)
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Te↵ =

✓
L

4⇡R2�SB

◆1/4
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Parallax

Inverse Square Law

Effective Temperature

Apparent Magnitude

Absolute Magnitude

Distance Modulus


