
Stars:  

Part I:  The Building Blocks 

of the Universe



Homeworks and lectures
• github:  slides and homework

• Videos on zoom/circulated

• Introduction homework 1:  grades mailed back

– Too many of you play video games.

– 11/47 said that you were shy or introverts

• Probably a lot more!

– Grades all returned

– If you did not receive a grade, email me: gjh1@pku.edu.cn

• Homework 2:  due Mon, Mar. 23, 3:00pm

– Submit to PKUdisk (see assignment, will circulate on wechat)

– Some files circulated at github

– https://gherczeg.github.io/modernastronomy/

• Questions?  (don’t wait until the end of class, I leave at 5pm)

https://gherczeg.github.io/modernastronomy/
https://gherczeg.github.io/modernastronomy/


47 responses, 
all 47 use 

LLMs











Part II:  

Stellar Evolution, the 

Stellar Graveyard, and 

Star Formation, 



Stars: similar to the sun

• Speculation by many
– Anaxagoras (5th century 

BC) and Aristarchus (but 
Aristotle was opposed)

– Modernized by Giordano 
Bruno in 1580s

• Galileo, 1610s: many 
distant stars (Huygens 
with calculations)

• Spectroscopy in 1860s



Twinkle Twinkle Little Star
(written in 1806 by Jane Taylor)



Blackbody emission:  hotter things emit at higher energies 
(=shorter wavelengths)

Peak of blackobody:  



Spectral type = temperature sequence





HR diagram
(Hertsprung-Russell)

Main sequence:
• most stars on main 

sequence
• Defined by hydrogen 

burning

Stars in other locations:
• Stellar evolution! (age)









Mass of the sun (1 Msun!)

• Kepler: orbital periods and distances

• Newton:  gravity 

• Earth-Sun distance from transit of Venus

– A topic for next week!

• Gravitational constant (1798)

– Measured by Canvendish, attraction of lead 
spheres





HR diagram
(Hertsprung-Russell)

Main sequence:
• most stars on main 

sequence
• Defined by hydrogen 

burning

Stars in other locations:
• Stellar evolution! (age)









Where does the sun’s 
energy come from?

Hydrogen burning and the 
interior of the sun







Core of the sun: very dense, 15 million K



Fusion       Fission
2 light => 1 heavy   1 heavy => 2 light 



Fusion at core

4 Hydrogen atoms 
turns into 1 He atom



Fusion at core

4 Hydrogen atoms 
turns into 1 He atom

Atomic weights
4 H:  4.032
1 He:  4.003

Lose 0.7% of the mass:  
it turns into energy!

E=mc^2
(c=speed of light, E=energy, 

m=mass)



How long does it take energy 
to escape from the sun’s core?

Most energy:  1 million years!

Neutrinos:  do not interact with matter, so 
escapes immediately

 Solar neutrino problem:  recent Nobel Prize





Brown dwarfs

• Central temperature in core: depends on mass

• Very faint, cool, and red:  hard to find!



Sunspots and 
magnetic activity



11 year 
magnetic cycles



Important concepts for lecture 2
• HR Diagram: how we understand stars and stellar evolution

– Apparent magnitude:  the magnitude we see

– Absolute magnitude (luminosity):  corrected for distance

– x-axis:  temperature (measured from spectra or colors)

• Main sequence:  where stars spend most of their life

– H burning

• After H burning:  stars become giants

– Core shrinks until He burning

• Fusion:  lighter elements => heavier elements

– Difference in mass converted to energy

– Occurs in very hot core

• Sun:  we see the cool photosphere in optical light
– Hot corona in X-rays

– Stars often born in clusters:
– same time, same location+proper motion



Part II:  

Star Formation, 

Stellar Evolution, and the 

Stellar Graveyard







Clusters:  stars born at same time 
and travel together in space
(distance to all stars in a cluster is similar)



Pleiades (seven sisters, Subaru, 昴)



Pleiades (昴):  famous and 
benchmark cluster for young stars



Location of stars tells us age of cluster





Key concepts

• Blackbody radiation:  temperature/color of star

• Main sequence:  where a star spends most of its life
– Hydrogen burning in core

• Hydrogen burning:  how most stars get energy

• Core:  hot core where H burns

• Stellar evolution:  how star changes, from birth to death

• HR Diagram:  Luminosity and temperature of stars
– How we understand stars and stellar evolution

• Molecular cloud:  dense material where stars form

• White dwarfs:  end state of the sun and low-mass stars

• Neutron stars/black holes: end state of high-mass stars

• Supernova!

• Origin of the Elements: mostly in stars+explosions





Fusion at core

4 Hydrogen atoms 
turns into 1 He atom



Main sequence:  Hydrogen burning in core

What happens when the core runs out of Hydrogen?

(actually burns ~10% of the hydrogen in the star)







Evolution of a solar-mass star





Interior structure of evolved star;
Will lose the envelope (outer region)



Evolution of a solar-mass star





Evolution of a massive star



Massive 
stars burn 

out quickly!



L=R2 T4

Stars get cool at 
surface, but 

luminous:  radius 

must get very large 

Numbers are ages





The supergiant star Betelgeuse





Planetary nebula:  lost envelopes, 
only core is left; we see lost material



Planetary nebula:  lost envelopes, 
only core is left; we see lost material





Eta Carina: what a 100 Msun star looks like



Fusion from 
hydrogen to 
iron in stars





Supernova 1987A (brightest in modern times)

超新星
historical: 客星







Brightness of supernova with time



Supernova remnant



Supernova remnant



Supernova remnant







X-ray image 
of accreting 
neutron star



White dwarf



Neutron star:  density of nucleus!









Interstellar medium

• Space is not quite empty

– Hot interstellar medium:  10-4 ions per cm3

– In this room:  1019 molecules/cm3

– Best vacuum in lab:  1010 molecules/cm3

• Some places are denser and colder

– Molecular clouds, where stars form

– Densities of 102-106 molecules/cm3



Interstellar medium, supernova remnants



Intestellar medium: how to detect?

 Absorption of photons by gas

 Emission from gas/dust



Orion Nebula

Largest nearby star-

forming region



Eta Carina Cluster, 

Hubble Space Telescope

Much larger than Orion Nebula



Pillars of Creation:
Hubble Space Telescope (optical) on left

JWST (infrared) on right





Optical Near-infrared

Barnard 68:  very dusty!
Longer wavelengths look through dust (red objects on right)



Blue wavelengths:  absorbed/scattered by dust
Red wavelengths:  pass through dust



Rosette Nebula

Far-infrared:  dust in emission



The same nebula can 
appear in both emission 
at short wavelengths 
and absorption at long 
wavelength



JWST image of Carina Nebula: 
hot stars ionize gas



Steps of star formation:

1) Region is dense enough to be gravitationally unstable and collapse

2) Protostar forms, with envelope and disk

3) Star grows, leads to jets and outflows

4) Envelope and disk disappear, leaving behind planets+star



JWST Image of a Protostar:
Disk, bipolar outflow, and envelope



Protoplanetary disk:  

where planets form (next lecture)



HR diagram



Simulation of a star-forming region: STARFORGE (Michael Grudic)



Next week:  EXOPLANETS!
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