
ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 13

Week 13: Galaxies
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HW10 due now 
HW11 (last one!) posted on the website, due Dec. 3rd 

Read Ch. 23 for next Tuesday 

Project Presentations week after Thanksgiving!!!
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Communicating Science Project Evaluations
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Course Participation Grade 
(Worth 10% of course grade) 

Will be available as a google form

 50    points for accuracy 
 20    points for clarity 
 20    points for presentation 
 10    points for creativity 
100 points total

Project Grade 
(Worth 20% of course grade)

Based on submitted 
project, due by 

10:45am on 
Tuesday, Dec. 8th
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Surface Brightness 
I(r) —> W/m2/arcsec2

log[I(r)] / �r1/4

<latexit sha1_base64="C891y2CCHTE/Jltw+kSvlmxj9rE=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLqwzUlB3RTe6q2AfMDOWTJq2oZlkSDJCGbpx46+4caGIW//BnX9j2s5CWw8EDufcy805Ycyo0o7zbeUWFpeWV/KrhbX1jc0te3unoUQiMaljwYRshUgRRjmpa6oZacWSoChkpBkOrsZ+84FIRQW/08OYBBHqcdqlGGkjte19n4ke9G5K8iiAfixFrAU8lvepe1IZte2iU3YmgPPEzUgRZKi17S+/I3ASEa4xQ0p5rhPrIEVSU8zIqOAnisQID1CPeIZyFBEVpJMUI3holA7sCmke13Ci/t5IUaTUMArNZIR0X816Y/E/z0t09zxIKY8TTTieHuomDJqk40pgh0qCNRsagrCk5q8Q95FEWJviCqYEdzbyPGmclt1K+eK2UqxeZnXkwR44ACXggjNQBdegBuoAg0fwDF7Bm/VkvVjv1sd0NGdlO7vgD6zPHykilxo=</latexit>

log[I(r)] / �r

<latexit sha1_base64="ZTfnF/NMJfEorMKIBZc0DJUhvng=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6sKSSEHdFd3oroJ9QBLKZDpph04yw8xEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeUDCqtON8W4Wl5ZXVteJ6aWNza3vH3t1rKZ5KTJqYMy47IVKE0YQ0NdWMdIQkKA4ZaYfD64nffiBSUZ7c65EgQYz6CY0oRtpIXfvAZ7wPvduKPAmgLyQXmsNT2bXLTtWZAi4SNydlkKPRtb/8HsdpTBKNGVLKcx2hgwxJTTEj45KfKiIQHqI+8QxNUExUkE3vH8Njo/RgxKWpRMOp+nsiQ7FSozg0nTHSAzXvTcT/PC/V0UWQ0USkmiR4tihKGTQ/TsKAPSoJ1mxkCMKSmlshHiCJsDaRlUwI7vzLi6R1VnVr1cu7Wrl+lcdRBIfgCFSAC85BHdyABmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7A+fwAx5ZT0</latexit>

MV ⇠ � 23 mag

LV ⇠ 1011 LV,�

<latexit sha1_base64="RZOWlvYp96jnVKxK1vlZD23Kkdc="></latexit>

MV ⇠ � 21 mag

LV ⇠ 2⇥ 1010 LV,�

<latexit sha1_base64="ca/bxbkqQdu5lZVdYEZ0UCpCosM="></latexit>
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Spiral Arms
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Galaxies are not isolated
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Distance Ladder
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Parallax Spectroscopic 
Parallax

Cepheid Variables
Type Ia SNe
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Hubble’s Law
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cz<latexit sha1_base64="Nuso6oQt0j6Vwmu9cB5Qy2QDjuA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6r2A9oQ9lsN+3SzSbsToQa+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9+ypV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezSCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGl34mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbTglG4K3+PIyaZ5VvfPq1d15pXadx1GEIziGU/DgAmpwC3VoAIMQnuEV3pyR8+K8Ox/z1oKTzxzCHzifP6iDjXc=</latexit>

d

<latexit sha1_base64="ZKt3GAg/5ze2BEY7GFOxAInTe4k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ymsrW9sbhW3Szu7e/sH5cOjtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMbmf+wxMqzRN5b8Yp+jEdSB5xRo2VmmG/XHGr7hxklXg5qUCORr/81QsTlsUoDRNU667npsafUGU4Ezgt9TKNKWUjOsCupZLGqP3J/NApObNKSKJE2ZKGzNXfExMaaz2OA9sZUzPUy95M/M/rZia68idcpplByRaLokwQk5DZ1yTkCpkRY0soU9zeStiQKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AMvJjPQ=</latexit>

cz = H0d

<latexit sha1_base64="CSDIMHqjlhRAGit6+2LvgS/Rgb4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS89VrAf2C4lm822odlkSbJCXfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6gRYU84EbRpmOO0kiuI44LQdjG6nfvuRKs2kuDfjhPoxHggWMYKNlR7IE7pG9b6Lwn654lbdGdAy8XJSgRyNfvmrF0qSxlQYwrHWXc9NjJ9hZRjhdFLqpZommIzwgHYtFTim2s9mF0/QiVVCFEllSxg0U39PZDjWehwHtjPGZqgXvan4n9dNTXTpZ0wkqaGCzBdFKUdGoun7KGSKEsPHlmCimL0VkSFWmBgbUsmG4C2+vExaZ1XvvHp1d16p3eRxFOEIjuEUPLiAGtShAU0gIOAZXuHN0c6L8+58zFsLTj5zCH/gfP4AqBqPnw==</latexit>

H0 ⇡ 70 km s�1 Mpc�1

<latexit sha1_base64="kiOcO3qFebPY0b9qyMSzl+ZxvVI=">AAACFnicbVDLSgMxFM3UV62vUZdugkVw0zIjhequ6KYboYJ9QFuHTJppQ5OZkGTEMrQ/4cZfceNCEbfizr8x7XShrQcC555zLzf3+IJRpR3n28qsrK6tb2Q3c1vbO7t79v5BQ0WxxKSOIxbJlo8UYTQkdU01Iy0hCeI+I01/eDX1m/dEKhqFt3okSJejfkgDipE2kmcXqp4DO0gIGT3AsjNJOpLDIZ+o8V1ScMdpfS1wWnp23ik6M8Bl4s5JHsxR8+yvTi/CMSehxgwp1XYdobsJkppiRsa5TqyIQHiI+qRtaIg4Ud1kdtYYnhilB4NImhdqOFN/TySIKzXivunkSA/UojcV//PasQ7OuwkNRaxJiNNFQcygjuA0I9ijkmDNRoYgLKn5K8QDJBHWJsmcCcFdPHmZNM6Kbql4cVPKVy7ncWTBETgGp8AFZVABVVADdYDBI3gGr+DNerJerHfrI23NWPOZQ/AH1ucPTK+e4A==</latexit>
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We live in an expanding “balloon universe”
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If expansion constant, then can estimate the 
age of the universe

d
t =

d

vr

<latexit sha1_base64="/HfjFScIQvRZV2CaQGk7GItwKy0=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkoC6EohuXFewD2hAmk0k7dPJgZlIpMZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7j5dwJpVlfRultfWNza3ydmVnd2//wKwedmScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG9/O/O6ECsni6EFNE+qEeBixgBGstOSaVYWu0SAQmGR+nk1ckbtmzapbc6BVYhekBgVarvk18GOShjRShGMp+7aVKCfDQjHCaV4ZpJImmIzxkPY1jXBIpZPNT8/RqVZ8FMRCV6TQXP09keFQymno6c4Qq5Fc9mbif14/VcGlk7EoSRWNyGJRkHKkYjTLAflMUKL4VBNMBNO3IjLCOgel06roEOzll1dJ57xuN+pX941a86aIowzHcAJnYMMFNOEOWtAGAo/wDK/wZjwZL8a78bFoLRnFzBH8gfH5AwqQk+U=</latexit>

=
d

H0d
=

1

H0

<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!
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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
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Computer Simulations of Structure Formation
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https://www.illustris-project.org/media/ 

10 Mpc box showing the formation of galaxies in filaments from 0.5 Gyr to the present: 
https://www.illustris-project.org/movies/illustris_movie_cube_sub_frame.mp4 

1 Mpc box showing the formation of an elliptical galaxy: 
https://www.illustris-project.org/movies/illustris_movie_elliptical_formation_1pMpc.mp4

https://www.illustris-project.org/media/
https://www.illustris-project.org/movies/illustris_movie_cube_sub_frame.mp4
https://www.illustris-project.org/movies/illustris_movie_elliptical_formation_1pMpc.mp4
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