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More Joys of Black Holes + Our Galaxy

* Black holes, their eneral properties — and
%Fm@ari_‘mﬂg S.2 (special relativity),
.3 (general relativity)

* Requires some careful reading

* How to detect black holes (indirectly) in close
binary systems (read 18.3)

* Our Milky Way Galaxy in overview, aspects of
any spiral galaxy

* Overview read Chap 19 “Our Galaxy”

* Homework #9 due today, new HW #10 out, all
on canvas site (new labels

How we will be zoom-interactive

» “Raise Hand” (Max monitors “Participants”)

» “Send Chat” Message (Max will act)

* In both cases, Juri will get to your question
or comment within at most a few minutes

* Or if pressing, Unmute your mike and ask
question

» We can adjust “how to interact”, with your
advice and experience
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radial distance

— light” s path through space will be

— within the event horizon, it cannot
climb out of the hole

— tidal forces are tremendous
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Survey poll Has the Pandemic
affected your spring-break plans?

A. Yes, greatly

B. Yes, somewhat

C. No, not yet

D. Trying to figure things out
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CYGNUS X-1 ¢
MOST VIABLE BLACK -HOLE CANDIDATE
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Cygnus Loop SNR — Home of Cyg X-1

Cyagnus X-1: Blue supergiant (strong winds)
pours H + He onto ion disk of black hol

Stellar-size
black hole
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Such SNR may
have a BH lurking!
.. but not this one
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Gamma-Ray Bursts

HYPERNOVA ?
Collapse of very
massive star > BH

Luminosity ~ 10°to 10°
times output from galaxy

Visible from across the
universe !

Questions or Comments

Review Poll - Size of Black Hole
» What does the Schwarzschild radius of a
black hole (BH) depend on? ~
7 a

* A. Both mass and chemical composition
of the BH

* B. Radius of BH, as measured by careful
observations of its size

* C. Only the mass of BH

* D. Whether BH formed in massive star
supernova or in some other way

REVISIT!

* 100-400 billion stars

» 100,000 light years
in diameter, or

~ 30,000 pc = 30 kpc
(kilo-parsecs)

» Sun is located about
8.5 kpc from center,
in the *Orion Arm’

Artist’s sketch!




Qur

Milky Way Galax

halo star orbits (green)

bulge star-orbits (red)

disk star orbits *

(yellow)
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Stars and gas are all moving!

halo star orbas (green)

buige star ordis (red)

THIS INSPIR =S A SONG!

Sing our way to
the Milky Way

THE GALAXY --
LIGHTEN UP

©

Whenever life gets you down, Mrs. Brown,
And things are hard and 1oagh,

And people are stapid, chnoxicas and down,
And you feel that you've had quite emough...

Just remember that you're standing on a planet that's evelving
And revolving at 900 riles an howr.
Irs o(:mxng at 90 miles a second, o it's reckoned,
sun that is the source for all our
Th: san and you and me and all the stas r‘ru can see
Are moving &t & million miles a day
In an outer spiral arm at 40 thousand miles an hour
In the Galaxy we call the Milky Way.

ow the Calaxy iself containg a l'md.nd bilkics stars.
[| s a hundred thousard ligh

It bulges in the middle 16 1 vand |.;ns yeass
Bat out by us it's just 3 thousand light-years =
We're 30 thousand light-years from galactic central point.
Ir'll go round every 200 million years.

And our galaxy is only one of millions and billions

In this amazing and expanding Universe.

Now the Universe itself is s5ill expanding and expanding

In every direction it could wish

As fast as it can go, the speed of light we know,

12 million miles & minute and that's the fastest speed there is.
So remember when you're feeling very small and insecure
How amazingly unlikely was your b

And pray that there is |1|e||.|ger| life snnﬂhe-e up above,
For there lsn't any down here on Earth,

Lighter up, there are stars in the siy,
Lighten up, it's a good question why,
But you don’t know the answer and neither do I
5o meanwhile let's fust all lighen up.

And remember that you're standing on a plases that's evolving

One-pager:
ALL about us!

Sketch
of Milky Way
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If we might see Milky Way from outside

Spiral
Sb galaxy
NGC 4414




Milky Way Anatomy: Spiral Galaxy

. globular clu:ton//
* Disk: includes halo
spiral arms -- '
young, new star
formation

* Bulge & Halo:
older stars,
globular clusters
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The Milky Way (fuzzy ribbon of
light across the sky)

We might prefer to look like this! Prettier?

M101
with more
distinctive
B spiral arms

Disk is very thin!

(rafziiyely soez1rie)

Sun's bulge
disk  location . * halo
1,000 light-years
. Ilfllll
=

28,000,light-years "= globular
. i - clusters
100,000 light-years —————————»

Composite of M101 — much goes on!

Galaxy NGC 4565 - nearly sdge-on




