
ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 09

Week 9: Stellar Evolution / ISM
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HW7 due now (OK to turn in Friday - just send me an email) 

HW8 available now (only 4 HWs left!) 

Read Ch. 18 for next week
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Future Evolution 
of the Sun
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Again, this 
time with 
feeling!
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Size changes along with temperature
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Star Clusters: stars of many masses  
born at the same time an “open cluster” 

young - formed recently
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Globular Cluster Color-Magnitude Diagram

Bluer Redder
Fainter

Brighterold - formed long ago
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High Mass Stars = High Core Temps = CNO

10

High 
Mass

Low 
Mass

Llamas live hard and fast.  
CNO cycling is my bag, 

baby
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Evolution 
of High 
Mass 
Stars
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Iron is the last element that 
can be formed via fusion 

stably in a star

12



ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 09 13

Cepheid 
Variables
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A Cepheid’s luminosity can be inferred
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Empirically discovered by Henrietta Leavitt 
in 1912

MV = �2.76 log(P/10 days)� 4.16

<latexit sha1_base64="EhKL2jJCQl9NsggMiaJTssyXdhk="></latexit>

log(d/10 pc) = 0.2(mV �MV )

<latexit sha1_base64="ZcdXnA7YfJzqakeyAqgX0vTXjfA="></latexit>
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Type II Supernovae
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Before After
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Betelgeuse: Future Supernova
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… were a supernova to go off within about 30 light-
years of us, that would lead to major effects on the 
Earth, possibly mass extinctions. X-rays and more 
energetic gamma-rays from the supernova could 
destroy the ozone layer that protects us from solar 
ultraviolet rays. It also could ionize nitrogen and 
oxygen in the atmosphere, leading to the formation 
of large amounts of smog-like nitrous oxide in the 
atmosphere. 

- Mark Reid, Harvard-Smithsonian CfA

430 light-years away (safe distance, unless it 
explodes as a gamma ray burst pointed at us) 

May appear as bright as the full moon, visible during 
the day!

http://adsabs.harvard.edu/abs/1993hep.ph....3206E
http://www.nature.com/nature/journal/v263/n5576/abs/263398a0.html
http://www.nature.com/nature/journal/v263/n5576/abs/263398a0.html
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Interstellar Medium (ISM)
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Stars (visible)

Hot Dust (far IR)

Balmer line n=3->2 (656.3 nm)

Neutral H (21cm; radio)

CO (2.6 mm; microwave)

All the diffuse stuff in b/t 
stars and other compact 

objects in the MW

Gas (ionized, neutral, molecules), 
Dust (large molecules, singly or in 
clumps), & relativistic components 

(magnetic fields, cosmic rays)
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Dust blocks starlight: Extinction
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Barnard 68 Blue                        Green                        Red

<——————————IR——————————>
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Extinction messes up magnitudes AND colors
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F0,λ F0, λe−τ(λ)

F� = F0,�e
�⌧ = F0,�e

�n�r

<latexit sha1_base64="hixydHlwTrqrar9h9y/CnjxIM28=">AAACLHicbVDLSgMxFM34rPVVdekmWAQXWmZEUBdCsVBcVrAP6NThTpq2wUxmSDJCGeaD3PgrgriwiFu/w7SdhbY9EDg551ySe/yIM6Vte2QtLa+srq3nNvKbW9s7u4W9/YYKY0lonYQ8lC0fFOVM0LpmmtNWJCkEPqdN/6ky9pvPVCoWigc9jGgngL5gPUZAG8krVKqey028C/gGV73EPs2uKaaPyZmrIU4XOgK7ivUDwDL1CkW7ZE+A54mTkSLKUPMK7243JHFAhSYclGo7dqQ7CUjNCKdp3o0VjYA8QZ+2DRUQUNVJJsum+NgoXdwLpTlC44n6dyKBQKlh4JtkAHqgZr2xuMhrx7p31UmYiGJNBZk+1Is51iEeN4e7TFKi+dAQIJKZv2IyAAlEm37zpgRnduV50jgvORel6/uLYvk2qyOHDtEROkEOukRldIdqqI4IekFv6BONrFfrw/qyvqfRJSubOUD/YP38AiG+pmA=</latexit>

mobs = C � 2.5 log(F )

= C � 2.5 log(F0)� 2.5 log(e�⌧ )

= m0 + 2.5⌧ log e

= m0 + 1.086⌧

<latexit sha1_base64="nqk3ByVGqKZE/MI+zGy8xUGuYEs="></latexit>

mobs(�) = m0(�) +A(�)

<latexit sha1_base64="x6MG/7cGFoq40ysAz1Ah7QTejjM=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoCCWRgroQqm5cVrAPaEKYTCbt0JkkzEyEEvodbvwVNy4UcSdu/BunbfDRemHg3HPu4c49fsKoVJb1aRQWFpeWV4qrpbX1jc0tc3unJeNUYNLEMYtFx0eSMBqRpqKKkU4iCOI+I21/cDXW23dESBpHt2qYEJejXkRDipHSlGfa3MscwWHsyxGsOEw7A3QIzyH3rJ/2CF58N55ZtqrWpOA8sHNQBnk1PPPdCWKcchIpzJCUXdtKlJshoShmZFRyUkkShAeoR7oaRogT6WaT00bwQDMBDGOhX6TghP3tyBCXcsh9PcmR6stZbUz+p3VTFZ66GY2SVJEITxeFKYMqhuOcYEAFwYoNNUBYUP1XiPtIIKx0miUdgj178jxoHVftWvXsplauX+ZxFMEe2AcVYIMTUAfXoAGaAIN78AiewYvxYDwZr8bbdLRg5J5d8KeMjy8tOp5z</latexit>

e.g., mV,obs = mV +AV

= V0 +AV

<latexit sha1_base64="fvx+JqYNoGIukRJTUTQbo4Mrb9A=">AAACIHicbVDLSsNAFJ34rPVVdelmsCiCJSRSqC6EqhuXFWxaaEKYTKft0JkkzEyEEuKfuPFX3LhQRHf6NU7TLrT1wMC559zLnXuCmFGpLOvLWFhcWl5ZLawV1zc2t7ZLO7uOjBKBSRNHLBLtAEnCaEiaiipG2rEgiAeMtILh9dhv3RMhaRTeqVFMPI76Ie1RjJSW/FItdQWHxOybleyB+6lTyYUokFkGL4605MATeOk7rlvUpeNbk9IvlS3TygHniT0lZTBFwy99ut0IJ5yECjMkZce2YuWlSCiKGcmKbiJJjPAQ9UlH0xBxIr00PzCDh1rpwl4k9AsVzNXfEyniUo54oDs5UgM5643F/7xOonpnXkrDOFEkxJNFvYRBFcFxWrBLBcGKjTRBWFD9V4gHSCCsdKZFHYI9e/I8cU5Nu2qe31bL9atpHAWwDw7AMbBBDdTBDWiAJsDgETyDV/BmPBkvxrvxMWldMKYze+APjO8f7O6gTA==</latexit>

Correcting Magnitudes

Correcting Colors

(B � V )obs = (B � V )0 + (AB +AV )

= (B � V )0 + E(B � V )

<latexit sha1_base64="7plFw5M7YQHYthJV+a2itVNiXB4=">AAACJXicbZBdSwJBFIZn7cvsa6vLboakUCTZDaGCAjWCLg1yFVxZZsdZHZz9YGY2kMV+TDf9lW66SCLoqr/S+HGR2oGBh/c9hzPndSNGhTSMby21srq2vpHezGxt7+zu6fsHlghjjkkdhyzkTRcJwmhA6pJKRpoRJ8h3GWm4/dux33giXNAweJSDiLR91A2oRzGSSnL061z1zMo7ic19GLpiCG9On6eSAQswV3GqhYpj5W07M2fcTVHPGkVjUnAZzBlkwaxqjj6yOyGOfRJIzJAQLdOIZDtBXFLMyDBjx4JECPdRl7QUBsgnop1MrhzCE6V0oBdy9QIJJ+rfiQT5Qgx8V3X6SPbEojcW//NasfQu2wkNoliSAE8XeTGDMoTjyGCHcoIlGyhAmFP1V4h7iCMsVbAZFYK5ePIyWOdFs1S8eihly9VZHGlwBI5BDpjgApTBPaiBOsDgBbyBDzDSXrV37VP7mramtNnMIZgr7ecXp6Wejg==</latexit>

R ⌘ AV

E(B � V )
⇡ 3.1

<latexit sha1_base64="1eT3b+VAqoJu4mn2HuModUftiC8=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0OiBXVXK4LLKjYtNKVMppN26OThzKRYQj7Bjb/ixoUibl2682+ctllo9cCFwzn3cu89bsSokKb5peXm5hcWl/LLhZXVtfUNfXPLFmHMManjkIW86SJBGA1IXVLJSDPiBPkuIw13cDH2G0PCBQ2DWzmKSNtHvYB6FCOppI6+fwMdchfTIXQ8jnBy3rHT5LJUPbQPUuigKOLhPTw2rI5eNA1zAviXWBkpggy1jv7pdEMc+ySQmCEhWpYZyXaCuKSYkbTgxIJECA9Qj7QUDZBPRDuZPJTCPaV0oRdyVYGEE/XnRIJ8IUa+qzp9JPti1huL/3mtWHqn7YQGUSxJgKeLvJhBGcJxOrBLOcGSjRRBmFN1K8R9pIKRKsOCCsGaffkvsY8Mq2ycXZeLlWoWRx7sgF1QAhY4ARVwBWqgDjB4AE/gBbxqj9qz9qa9T1tzWjazDX5B+/gGDJKbVg==</latexit>
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H2CO

CO

CH3OH
SO2

Detection of gas is generally more direct
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Absorption & Emission Lines 
(Kirchoff’s laws) Free-Free Emission

hν = E2−E1

aka “bremsstrahlung”

Radio continuum

Neutral H “spin-flip”: 21cm emission line Molecule excitations (radio)

HII region
Hα

Hβ[O III]

[S II]

White dwarf

Planetary nebula
(emission lines from 

electron recombination)
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ISM also contains very hot gas heated by SNe
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Galactic 
Center Galactic 

Center

Face-on disk view Edge-on disk view
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All these gas “phases” are in pressure equilibrium
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Cold Molecular Clouds: 
      T ~ 10 K,    n ~ 109 m-3 
Cold Neutral Medium: 
      T ~ 100 K,    n ~ 108 m-3 
Warm Neutral Medium: 
      T ~ 7000 K,   n ~ 105 m-3 
Warm Ionized Medium: 
      T ~ 10,000 K,   n ~ 106 m-3 
Hot Ionized Medium: 
      T ~ 1,000,000 K,   n ~ 104 m-3  

P ~ nkT ~ const.

Blue: x-rays
Green: Hα emission

Red HI 21cm emission


