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Week 12 Tuesday

1

Today’s Agenda 
• ISM outro 
• Star formation 
• Evolution of a low mass star 
• Evolution of a high mass star

Announcements / Reminders 
• Midterm 2 THIS Thursday!!!!  
• HW 8.3 & Paragraph describing your project due 

Friday 1min before midnight 

• HEAP talk at 4pm on Thursday 
• EFT Constraints from Neutrino Experiments 

• Colloquium at 2pm on Friday 
• Emerging Frontiers at the Intersection Between 

Photon Sciences, Molecular Dynamics, and Light-
Matter Interactions
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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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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
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Star Formation & 
Evolution
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“Star” —> undergoing fusion
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Formed from clouds of gas that collapse due to self-gravity

Density: 

10-15 kg m-3 

1400 kg m-3
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Forming a Star
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Formed from clouds of gas that collapse due to self-gravity

Imagine a gas particle on an orbit with e = 1
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“Star” —> undergoing fusion
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Formed from clouds of gas that collapse due to self-gravity

Pressure in the gas can keep the cloud from collapsing 
—> HSE 

BUT, once a cloud of a given density and temperature 
reaches a critical size, it will collapse 

—> Jeans length 

If density and size is determined, also have a critical 
mass —> Jeans mass 

As a cloud collapses, density and temperature will 
change, causing the Jeans length and mass to shrink 

so the cloud fragments —> fragmentation 

1 cloud produces many stars: a star cluster
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“Star” —> undergoing fusion
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Formed from clouds of gas that collapse due to self-gravity

Pressure in the gas can keep the cloud from collapsing 
—> HSE 

BUT, once a cloud of a given density and temperature 
reaches a critical size, it will collapse 

—> Jeans length
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cs

<latexit sha1_base64="/dMK1x3mPev4uoBzDMY5z6iw8i8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWVGCiooFN24rGAf0BmGTJppQ5PMkGSEMsxPuPFX3LhQxK3gzr8xbWehrQcCJ+fce5N7woRRpR3n2yotLa+srpXXKxubW9s79u5eW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDPxOw9EKhqLez1OiM/RQNCIYqSNFNgnOsg8yWEU5fASFhczQakcXkEvkghnMnDyDAcqD+yqU3OmgIvELUgVFGgG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAeoYKxInys+lWOTwySh9GsTRHaDhVf3dkiCs15qGp5EgP1bw3Ef/zeqmOzv2MiiTVRODZQ1HKoI7hJCLYp5JgzcaGICyp+SvEQ2SS0CbIignBnV95kbRPa269dnFXrzauizjK4AAcgmPggjPQALegCVoAg0fwDF7Bm/VkvVjv1sestGQVPfvgD6zPHw7Jnss=</latexit>

cs =

✓
�kT

µmp

◆1/2

<latexit sha1_base64="dEmMbQO/2PqjI+28zhYt5nfWUfw=">AAACHHicbVBNS8NAEN34bf2KevSyWIR6qUkV1INQ9OKxgtVCE8Nmu0mX7iZhdyKUkB/ixb/ixYMiXjwI/hu3tQe/Hgw83pthZl6YCa7BcT6sqemZ2bn5hcXK0vLK6pq9vnGl01xR1qapSFUnJJoJnrA2cBCskylGZCjYdTg4G/nXt0xpniaXMMyYL0mc8IhTAkYK7H0aaHyCPcEiqHmRIrTwYiIlwYPLsvBkjmWQldhTPO7D7k3h7jXKwK46dWcM/Je4E1JFE7QC+83rpTSXLAEqiNZd18nAL4gCTgUrK16uWUbogMSsa2hCJNN+MX6uxDtG6eEoVaYSwGP1+0RBpNZDGZpOSaCvf3sj8T+vm0N05Bc8yXJgCf1aFOUCQ4pHSeEeV4yCGBpCqOLmVkz7xCQEJs+KCcH9/fJfctWouwf144uDavN0EscC2kLbqIZcdIia6By1UBtRdIce0BN6tu6tR+vFev1qnbImM5voB6z3T3SvoQE=</latexit>



ASTR/PHYS 3070: Foundations Astronomy Fall 2021: Week 11b

Protostars form from an “accretion disk”
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Disks in the Orion Nebula

Angular momentum dissipated in the disk 

>99.9% of mass in the protostar, but 
planets with much less mass typically 
carry more angular momentum (which 

originates from the cloud)
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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
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Bluer Redder
Fainter

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

