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Perihelion precession.
Credits: WillowW (Wikipedia), animation available at this URL: https://en.wikipedia.org/wiki/File:Precessing Kepler orbit 280frames e0.6 smaller.gif
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gravitational lensing
gravitational lens



Einstein ring



A red galaxy acting as a gravitational lens and distorting the light from a much more distant blue galaxy behind it. Here the alignment is almost perfect, resulting in an almost full circle.
Credits: ESA/Hubble & NASA
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https://www.eso.org/public/videos/es01522a
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Einsteln cross
active galactic nucleus (AGN)

quasars (quasi-stellar radio
sources)



The Einstein Cross.
Credits: NASA, ESA, and STScl
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James Webb Space Telescope (JWST)
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direct
Laser Interferometer Gravitational-Wave Observatory (LIGO)
Virgo interferometer



interferometer interference






The LIGO Hanford Observatory. Note the “L’ shape of the interferometer.
Credits: LIGO Laboratory



The LIGO Livingston Observatory.
Credits: Caltech/MIT/LIGO Lab



Constructive interference Destructive interference
(waves add up) (waves cancel)

Example of interference. The two waves on the top sum up into the wave on the bottom. Left: identical waves sum into a larger wave. Right: opposite waves cancel each other.
Credits: Wikipedia



No gravitational wave Gravitational wave
(both arms the same length) (in blue)

The LIGO interferometer (simplified). Laser is emitted from the bottom, split into two beams using a beam splitter, reflected off mirrors (red), and the beams then interfere with each other.
Credits: Cmglee (Wikipedia)






Virgo interferometer



Aerial view of the Virgo detector.
Credits: The Virgo collaboration
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https://www.ligo.caltech.edu/video/ligo20160211v3


https://www.ligo.caltech.edu/video/ligo20160211v3

The gravitational wave signal GW150914, compared with the prediction of general relativity.
Credits: B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration)
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Hubble Space Telescope image of the kilonova associated with GW170817, in the galaxy NGC 4993.
Credits: NASA and ESA. Acknowledgment: A.]. Levan (U. Warwick), N.R. Tanvir (U. Leicester), and A. Fruchter and O. Fox (STScI)
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Credits: NASA
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Sun
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Instead of traveling the long way (red arrow), the spaceship can take a shortcut through the wormhole and travel the short way (green arrow) to the same destination.
Credits: Panzi (Wikipedia)
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https://baraksh.com/

galaxy rotation curves



An example of a galaxy rotation curve. A (dashed line): expected rotation velocity as a function of distance. B (solid line): actual observed velocity.
Credits: PhilHibbs (Wikipedia)
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ence of dark matter.ogv


https://en.wikipedia.org/wiki/File:Galaxy_rotation_under_the_influence_of_dark_matter.ogv
https://en.wikipedia.org/wiki/File:Galaxy_rotation_under_the_influence_of_dark_matter.ogv
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A timeline of the universe from the Big Bang until today.
Credits: NASA / WMAP Science Team






ASTR 2P42: Astrophysics & Cosmology

https://baraksh.com/2P42


https://baraksh.com/2P42/




	Slide 1
	Slide 2
	Slide 3: We will learn about…
	Slide 4: Special relativity
	Slide 5: Special relativity
	Slide 6: Special relativity
	Slide 7: Special relativity
	Slide 8: Special relativity
	Slide 9: Special relativity
	Slide 10: Special relativity
	Slide 11: Special relativity
	Slide 12: Special relativity
	Slide 13: Special relativity
	Slide 14: Special relativity
	Slide 15: Special relativity
	Slide 16: Special relativity
	Slide 17: Special relativity
	Slide 18: Special relativity
	Slide 19: Special relativity
	Slide 20: Special relativity
	Slide 21: Special relativity
	Slide 22: Special relativity
	Slide 23: Special relativity
	Slide 24: Spacetime
	Slide 25: Spacetime
	Slide 26: Spacetime
	Slide 27
	Slide 28
	Slide 29: Spacetime
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40: Consequences of special relativity
	Slide 41: Consequences of special relativity
	Slide 42: Consequences of special relativity
	Slide 43
	Slide 44: Consequences of special relativity
	Slide 45
	Slide 46
	Slide 47: Consequences of special relativity
	Slide 48: Consequences of special relativity
	Slide 49: Consequences of special relativity
	Slide 50
	Slide 51
	Slide 52
	Slide 53: Consequences of special relativity
	Slide 54: Consequences of special relativity
	Slide 55: Consequences of special relativity
	Slide 56: Consequences of special relativity
	Slide 57: Consequences of special relativity
	Slide 58: Consequences of special relativity
	Slide 59: Video
	Slide 60: Consequences of special relativity
	Slide 61: Consequences of special relativity
	Slide 62: Simulation
	Slide 63: General relativity
	Slide 64: General relativity
	Slide 65: General relativity
	Slide 66: General relativity
	Slide 67
	Slide 68
	Slide 69
	Slide 70: General relativity
	Slide 71: General relativity
	Slide 72: General relativity
	Slide 73: General relativity
	Slide 74: General relativity
	Slide 75: General relativity
	Slide 76: Bonus video
	Slide 77: Gravitational redshift and time dilation
	Slide 78: Gravitational redshift and time dilation
	Slide 79: Gravitational redshift and time dilation
	Slide 80: Gravitational redshift and time dilation
	Slide 81: Gravitational redshift and time dilation
	Slide 82: Gravitational redshift and time dilation
	Slide 83: Gravitational redshift and time dilation
	Slide 84: Gravitational redshift and time dilation
	Slide 85: Perihelion precession of Mercury
	Slide 86
	Slide 87: Perihelion precession of Mercury
	Slide 88: Perihelion precession of Mercury
	Slide 89: Perihelion precession of Mercury
	Slide 90: Deflection of light by the Sun
	Slide 91: Deflection of light by the Sun
	Slide 92: Deflection of light by the Sun
	Slide 93: Deflection of light by the Sun
	Slide 94: Video
	Slide 95: Gravitational lens
	Slide 96: Gravitational lens
	Slide 97
	Slide 98: Video
	Slide 99: Video
	Slide 100: Gravitational lens
	Slide 101
	Slide 102: Video
	Slide 103: Gravitational lens
	Slide 104: Gravitational waves
	Slide 105: Gravitational waves
	Slide 106: Gravitational waves
	Slide 107: Gravitational waves
	Slide 108: Gravitational waves
	Slide 109: Gravitational waves
	Slide 110: Gravitational waves
	Slide 111: Video
	Slide 112: Gravitational waves
	Slide 113: Gravitational waves
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119: Gravitational waves
	Slide 120: Gravitational waves
	Slide 121
	Slide 122: Gravitational waves
	Slide 123: Gravitational waves
	Slide 124: Gravitational waves
	Slide 125: Video
	Slide 126
	Slide 127: Video
	Slide 128: Gravitational waves
	Slide 129: Gravitational waves
	Slide 130: Video
	Slide 131: Gravitational waves
	Slide 132: Gravitational waves
	Slide 133: Gravitational waves
	Slide 134
	Slide 135: Gravitational waves
	Slide 136
	Slide 137: Gravitational waves
	Slide 138: Gravitational waves
	Slide 139
	Slide 140: Space travel
	Slide 141: Space travel
	Slide 142: Space travel
	Slide 143: Space travel
	Slide 144: Space travel
	Slide 145: Space travel
	Slide 146: Space travel
	Slide 147: Space travel
	Slide 148: Space travel
	Slide 149: Space travel
	Slide 150: Space travel
	Slide 151: Space travel
	Slide 152
	Slide 153: Space travel
	Slide 154: Space travel
	Slide 155: Time travel
	Slide 156: Time travel
	Slide 157: Time travel
	Slide 158: Time travel
	Slide 159: Time travel
	Slide 160: Time travel
	Slide 161: Dark matter
	Slide 162
	Slide 163: Video
	Slide 164: Dark matter
	Slide 165: Dark matter
	Slide 166: Cosmology
	Slide 167: Cosmology
	Slide 168: Cosmology
	Slide 169: Cosmology
	Slide 170: Cosmology
	Slide 171: Cosmology
	Slide 172: Cosmology
	Slide 173: Cosmology
	Slide 174
	Slide 175: Conclusions
	Slide 176: What’s next?
	Slide 177: Thanks for taking ASTR 1P01 and 1P02!  - Prof. Shoshany

