
Stars:  
The Building Blocks 

of the Universe



Homeworks and lectures
• wechat:  circulating vidos of lectures, slides, homework

• Introduction:  grades mailed back to most of you
– ”boring” things about you are usually more interesting!
– 30% of you said that you are shy/introverts!
– Grades not yet returned if submitted after 9.18 at 1pm
– If you did not receive a grade, email me: gjh1@pku.edu.cn

• Homework 1:  due Thurs, Oct. 10, 1:00pm
– Some files to be circulated by wechat and at github
– https://gherczeg.github.io/modernastronomy/





openstax “textbook”
https://openstax.org/details/books/astronomy



Optional 
reading



Homework
• Question 1:  Space is big!

– part b:  calculate the distance, then convert to something (for example, Shanghai)
– part d:  remember scientific notation!

• Question 2:  star clusters
– Look up “HR diagrams”

• Question 3:  Gaia and star clusters
– Hard!  Not everyone will be able to get through all the steps
– Clusters: stars born at the same time, should have similar motions through space
– Real data!

• Question 4:  Kepler’s laws
– Sort-of real data (processed, but real)
– Exoplanets!

General tip: Use resources combined with your own brain!  The homework is intended to 
provide a path to learning about astronomy in a way that is separate from class.  It’s ok to 
not finish every part of every question.  There is no final exam, so some homework 
questions are hard.  I do not expect all of you to finish all of the homework!

Bring questions to class next week!
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Important numbers

• Astronomical Unit (AU):  1.5 x 1013 cm
– Sun to Earth

• Speed of light:  3 x 105 km/s

• Light year:  1018 cm



Stars: the Building Blocks of the Universe



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



Galaxy:
Almost all light from stars



• Temperature:
• Radius:
• Composition:
• Rotation:
• Mass:
• Age:
• Density:  
• Does it have planets?:
• Brightness:
• Luminosity:

How to describe a star?
Easy or hard to measure?  Raise your hands



Magnitudes (how bright are stars)
Reverse sytem: negative magnitude brighter

• Brightness:  how bright are they at Earth
• Luminosity:  how much energy are they emitting?



Sky is 2D!

Distance is usually 
uncertain

Reverse sytem: negative 
magnitude brighter



Other galaxies: all stars at same distance!
[challenge is distance to each galaxy]

Our own galaxy (Milky Way):
3D, must have distances!



Distance:  parallax



Distance:  parallax
Very hard to measure



Gaia satellite:  
parallax distances to ~1 billion stars!

Accuracy of positions:
Human hair at distance of 1000 km!
(or a coin on the moon)



Ordered by brightness Ordered by distance





Brown dwarfs:  
don’t burn hydrogen!







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



Blue

Red





Spectral Type (temperature) from dark absorption lines



Spectral Type (temperature) from dark absorption lines







HR diagram
(Hertsprung-Russell)

Main sequence:
• most stars on main 

sequence
• Defined by hydrogen 

burning

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



Women of Harvard University



Annie Jump-Cannon



Cecilia Payne: “most brilliant PhD thesis” ever 



HR diagram
(Hertsprung-Russell)

Main sequence:
• most stars on main 

sequence
• Defined by hydrogen 

burning

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









Keplerian motion and Doppler shifts



Stellar masses from radial velocity and gravity

Eclipsing binary 
systems:

Benchmarks for 
stellar masses





HR diagram
(Hertsprung-Russell)

Main sequence:
• most stars on main 

sequence
• Defined by hydrogen 

burning

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







Evolved stars:  red giants, can be huge!



What is the Main 
Sequence?

• 90% of a star’s life
• Defined by hydrogen 

burning core
• Evolves once hydrogen is 

gone

• What does hydrogen 
burning mean?



Where does the sun’s 
energy come from?

Hydrogen burning and the 
interior of the sun







Core: 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









Sun:  looks different at different wavelengths:  
magnetic activity!

Flares, coronal mass ejections, corona



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


