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Week 15 Tuesday
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Today’s Agenda 
• Milky Way structure 
• Evidence for dark matter 
• Galaxy types 
• Extragalactic distances

Announcements / Reminders 
• HW 10 due this Friday @11:59pm 

• HW 11 also available, due next week 
• Read Chapters 20 & 23.0-3 (& 24) 

• HEAP TODAY @ 3pm AND tomorrow @ 8am 
• Neutrino detectors & neutrinos from blazers 

• Colloquium Friday @ 2pm 
• Intercellular Communication & Drug Delivery
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Our Galaxy, the Milky Way
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Star counts: William and Caroline Herschel (1785)
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Sun
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Globular clusters revealed the scale of the MW
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Variable stars like Cepheids (called RR 
Lyrae stars) were used to estimate the 

distance to globular clusters, which were 
assumed to be distributed uniformly 

around the center of the MW



ASTR/PHYS 3070: Foundations Astronomy Fall 2021: Week 15a

Sun’s Motion through the Galaxy
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How do stars move in the Galaxy?
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How do we get 3D star velocities?
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How do stars move in the Galaxy?
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Milky Way is not alone — there is extra, non-
luminous matter in galaxies: “dark matter”
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Expected rotation Observed rotation
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• Neutrinos (like those produced in fusion 
• Have mass, but not enough 
• New kind?  Sterile Neutrino 

• WIMP (Weakly Interacting Massive Particle) 
• Direct detection searches have failed 
• “WIMP miracle” not miraculous 

• MACHO (MAssive Compact Halo Object) 
• WDs, NSs, BHs roaming around 
• Can detect via gravitational lensing - ruled out 

• Theorists are clever - can invent other options! 
• Modified Gravity (explains galaxy rotation, but…)

Dark Matter: what is it?
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Bullet 
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emitting 
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Galaxies & 
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Growth / 
Evolution 
of Galaxies
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Spiral Arms
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Galaxies are not isolated
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Distance Ladder
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MV = �2.76 log(P/10 days)� 4.16
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Parallax Spectroscopic 
Parallax

Cepheid Variables
Type Ia SNe
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Hubble’s Law
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We live in an expanding “balloon universe”

24

If expansion constant, then can estimate the 
age of the universe

d
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<latexit sha1_base64="cw2bNUjJXKja1ykTxGoWpXRshKw=">AAACC3icbZDLSsNAFIZP6q3WW9Slm8EiuCqJFNSFUHTTZQV7gTaEyWTSDp1cmJkIJWTvxldx40IRt76AO9/GaRtEW38Y+PnOOZw5v5dwJpVlfRmlldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOwpJxFtK2Y4rSXCIpDj9OuN76Z1rv3VEgWR3dqklAnxMOIBYxgpZFrHqMrNAgEJpmfZ03XQn7+Q+wZyV2zatWsmdCysQtThUIt1/wc+DFJQxopwrGUfdtKlJNhoRjhNK8MUkkTTMZ4SPvaRjik0slmt+ToRBMfBbHQL1JoRn9PZDiUchJ6ujPEaiQXa1P4X62fquDCyViUpIpGZL4oSDlSMZoGg3wmKFF8og0mgum/IjLCOgel46voEOzFk5dN56xm12uXt/Vq47qIowxHcAynYMM5NKAJLWgDgQd4ghd4NR6NZ+PNeJ+3loxi5hD+yPj4BrV+mZw=</latexit>
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Distance Ladder
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Type Ia SNe act like 
“standard candles” 

(Like Cepheids, we know 
how bright they are 

intrinsically)
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2011 Nobel Prize!



ASTR/PHYS 3070: Foundations Astronomy Fall 2021: Week 15a

Finger of God: the Coma Cluster
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Galaxy Cluster
Supercluster

cz = H0d

<latexit sha1_base64="CSDIMHqjlhRAGit6+2LvgS/Rgb4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS89VrAf2C4lm822odlkSbJCXfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6gRYU84EbRpmOO0kiuI44LQdjG6nfvuRKs2kuDfjhPoxHggWMYKNlR7IE7pG9b6Lwn654lbdGdAy8XJSgRyNfvmrF0qSxlQYwrHWXc9NjJ9hZRjhdFLqpZommIzwgHYtFTim2s9mF0/QiVVCFEllSxg0U39PZDjWehwHtjPGZqgXvan4n9dNTXTpZ0wkqaGCzBdFKUdGoun7KGSKEsPHlmCimL0VkSFWmBgbUsmG4C2+vExaZ1XvvHp1d16p3eRxFOEIjuEUPLiAGtShAU0gIOAZXuHN0c6L8+58zFsLTj5zCH/gfP4AqBqPnw==</latexit>
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Galaxy Surveys
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Why does the pattern look 
different at high redshifts?

Angle on 
the sky

1

2

3

Billion 
light-years


