Lesson 4 (2021-04-27) : What to know about black holes
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Basic of Black Holes:
1. In Newtonian mechanis, obtain the radius of a star with mass M, where the escape-velocity is

equal to the Iight‘velocity. Compare this with the Schwarzschild radius. 4/- -2
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2. Maximum known mass of "'stellar" black holes? (See these article and paper by LIGO
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3. Mass of the black hole in the center of our Galaxy (Sgr A*)? (A latest result, Stellar Orbits
around the black hole, Nobel Prize 2020! )

~ ISP St e Precuel!

4. Maximum known mass of super-massive black holes (AGN, quasars)?
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sources are the candidates of the intermediate mass black holes?

5. Are there "intermediate mass black hole' with a mass of 100-1000 Msolar? Which
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Ultraluminous X-ray Sources

A 400-solar-mass black hole in the galaxy M82 7.
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2. Estimate spatial resolution of an radio interferometer at 1imm, where the base-line is
10.000.km (=maximum on Earth). Also, estimate spatial resolution of an X-ray
'@te:te:nmetes.a.t 1 A, with the base-line is 10 m. Which has better spatial resolution?
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HALCA - The first Space VLBI project
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https://www.ligo.org/science/Publication-O2BBHPop/index.php
https://arxiv.org/ftp/arxiv/papers/1811/1811.12907.pdf
https://iopscience.iop.org/article/10.3847/0004-637X/830/1/17
https://www.mpe.mpg.de/6590570/Stellar-Orbits
https://www.mpe.mpg.de/6590570/Stellar-Orbits
https://www.nobelprize.org/uploads/2020/10/advanced-physicsprize2020.pdf
https://www.annualreviews.org/doi/abs/10.1146/annurev-astro-091916-055259
https://www.nature.com/articles/nature13710?page=2
https://eventhorizontelescope.org/
https://darts.isas.jaxa.jp/astro/halca/vsop/index.html.en
https://blackholeimager.gsfc.nasa.gov/maxim-home.html
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. Assume that black hole is a sphere having the Schwarzschild radius (ign
relativistic effects). Estimate "density" of the black hole, simply dividjig the mass by the

volume. Is the density smaller pr Iarger for more massive black holes?
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5. Can the black hole "density" smaller than that of water? I when?
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6. Estimate light-crossing time of the Schwarzschild radius of a black hole with mass M.
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7. Which is technically easier to detect X-ray variability taking pl near the Schwarzschil
radius, stellar mass black holes or §uper-massive black hole _
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https://darts.isas.jaxa.jp/astro/halca/vsop/index.html.en
https://blackholeimager.gsfc.nasa.gov/maxim-home.html
https://ui.adsabs.harvard.edu/abs/2019ApJ...875L...1E/abstract

