
Galaxies and galaxy evolution!



Future classes
• Today: Galaxies and galaxy formation

• Apr 20:  Little Red Dots; Big Bang and Cosmology

• Apr 27:  Big Bang, Cosmology, Black holes!

• May 11-June 1:  Our solar system

• June 1/June 8:  
– The Scientific Method, History/Philosophy of Science/Telescopes

– Life in the solar system

• Two more homeworks, one project

– Homework 3 circulated, to be hand-written

– Remember to take photos of sunsets (or sunrises)
• Need at least 4 through the semester

• Did I receive your oral report?  

– I have no idea!

– Don’t throw your report in the trash, save it in case your email didn’t go through!



Homework 2

• Grades: no curve until the end of the course, but don’t be 
scared by a low grade

– Guess:  average ~75, about 10% of class >90%.

– Average would be likely to get B

– People who complete most of assignments will pass (C- or above)

• Single pdf:  if plots in excel, print to pdf/jpg or screenshot!

– Figure it out!

– Keep files reasonably sized

• If you didn’t receive a grade by email

– Maybe I didn’t get your homework?  Don’t panic, but let me know



• James Webb 
Space Telescope

• New infrared 
telescope 



Electromagnetic spectrum 
(energy of light)

Hubble

JWST



All-sky optical map



Milky Way (if looked at from “above”











• How to 
measure the 
mass of the 
galaxy?

Kepler’s laws!









Dark Matter!

• We can measure accurately the mass of the galaxy through 
Kepler’s Laws/gravity

• We can measure the mass of stars+gas

• Mass of stars = 0.2 x mass of galaxy

Rule out:  black holes, brown dwarfs/planets, interstellar gas 

Dark matter:  exotic, non-interacting particle

Dark=not interacting;  80% of mass!





Simulations of Milky Way Formation







Galaxy keywords

• Galaxy:  gravitationally bound system of stars, 
gas, dust, and dark matter.

– 1000-100,000 light years in radius

– Many kinds of shapes and sizes

• Range:  108-1014 stars

– Milky Way:  1011 stars (a large galaxy)

• Supermassive black hole

– Milky Way:  4 106 Msun (small central black hole)



Galaxy:  keywords

• Spiral arms:  “shape” of young stars/dense gas in some galaxies

• Supermassive black hole:  massive black hole at center of 
galaxy

• Dark Matter halo:  spherical halo of dark matter around the 
galaxy

• Galactic rotation:  rotation of stars/gas around galaxy

• Central bulge:  bulge around nucleus of galaxy



Galaxy keywords

• Elliptical galaxy:  ellipse, no star formation

• Irregular galaxy:  no pattern, merger

• Spiral galaxy: 

• Redshift:  lines shifted to longer wavelength from expansion 
of universe

• Distance ladder:  steps to calculate distance

• Galaxy evolution:  changes in galaxies over cosmic time

• Local group:  small cluster of galaxies, including Milky Way

• Starburst:  galaxy with a burst of star formation, often a 
result of collisions

• Quasar and AGN:  accreting supermassive black holes



Galaxies and their supermassive black holes



Spiral galaxies

Spirals:  dense gas gets clustered
Gas forms stars:  young, blue, bright





Elliptical galaxy (no more star formation)



Irregular galaxy (merger)



Elliptical:  red and dead
No dust/gas, no star 

formation

Mergers:  starbursts
Lots of young stars and 

dust, gas









Hubble (Space Telescope) Deep Field

























Mass-to-light ratio:  why different?





Supermassive black holes!
Quasars:  quasi-stellar objects



Quasars:  accreting gas, outshines their 
host galaxies (but they do have host galaxies)





Jets from the central black hole



Mass of black hole from velocity shifts







Imaging:  can’t get close enough to resolve 
the black hole



Galactic center orbits



Tidal disruption events: 
sometimes black hole eats a star!



More quasars early in the universe



Quasars and galaxies grow together



First “image” of a black hole
Supermassive black hole of M87







Hubble (Space Telescope) Deep Field:

A lot of galaxies

How far away are 
they?



The distance ladder! 
How to measure distances?



Parallax:  galaxies are way too far away



Nearby galaxies:  
use variable stars!  

Henrietta Leavitt





Period => absolute magnitude => distance





Hubble’s Law:  distance proportional to redshift
Redshift:  spectrum of light shifted to red

(going away from us)



When we look at larger distances, 
we are looking into the past!



Expansion of universe and redshift

Redshift:  3D maps of a 2D sky

(More next week for cosmology)









Searching for galaxies: 
redshift and wavelength







Most distant known object (before JWST)
GN-z11:  z=11.09, distance = 13.39 billion light years
Age of universe:  0.414 Gyr



MACS1149-JD1:  z=9.11, distance = 13.26 billion light years
Age of universe:  0.542 Gyr



JWST Early Images

• James Webb 
Space Telescope

• New infrared 
telescope 





3D map of the universe: clusters and voids



Galaxies cluster together:  Local Group  



Virgo Cluster



Masses and dark matter:  
gravitational lensing





Galaxy rotation curve: 
evidence for dark matter



Gravitational lensing

















X-ray image (pink)

visible light image (galaxies) 

matter distribution calculated from    

gravitational lensing (blue)

Bullet cluster: best evidence of dark matter?

Mass and ”normal matter”=baryons are spatially offset



Galaxy keywords

• Elliptical galaxy:  ellipse, no star formation

• Irregular galaxy:  no pattern, merger

• Spiral galaxy: 

• Redshift:  lines shifted to longer wavelength from expansion 
of universe

• Distance ladder:  steps to calculate distance

• Galaxy evolution:  changes in galaxies over cosmic time

• Local group:  small cluster of galaxies, including Milky Way

• Starburst:  galaxy with a burst of star formation, often a 
result of collisions

• Quasar and AGN:  accreting supermassive black holes
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