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ASTR 1040: tar-s & Galaxies Joys of Black Holes

* Black holes, their general R{roperties. and their
“care and feeding” — and Mr. Einstein 's work
S.2 (special relativity), S.3 (general relativity)

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

* Best “stellar-mass” black hole candidates:
Cygnus X-1, SS433

* Gamma-ray bursts (hypernova?)

Tycho Brahe * Our Milky Way Galaxy in overview, aspects of
SNR (1572) any spiral galaxy — and a fine SONG
oy - o * Overview read Chap 19 “Our Galaxy”
e 10 e e 507 * Observatory session tonight
2eus. edu/astr1040-toomre
So did we really love this exam? SECOND MID-TERM EXAM

» Grade boundaries, based on 122 points
(graded on a “curve’):

s If 106/122 (87%) orover, A’'s [36%)]

. 94/122 (77%) orover, B's  [43%)]

. 79/122 (65%) or over, C's [16%]
Also +, plain, and — within these ranges

Go through answer sheet — and talk to us if
RESULTS FROM SECOND MID-TERM EXAM do not understand our choices. Keep exam
+ answers for future review (comp final)
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Reading ahead Clicker — Black Holes

* What do we mean by the event e
horizon of a black hole? .

* A. The distance from black hole at which
stable orbits are possible

* B. The very center of the black hole

* C. The sphere inward from which neither
light nor anything else can escape

e D. The place where x-rays are emitted

TIME DILATION .... MEASUREMENTS OF Tiue
- - ARE BELATVE

TIME BUNS SLOWER. Fok :
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* Einstein’s (1911)
General Theory of
Relativity: gravity is
really the warping of
spacetime around an
object with much mass

Light travels in “straight
lines " - and its bending
comes from spacetime

being curved by gravity

EFFECTS OF €RANTY on LIGHT
.. COUETESY oF EISTEm

Effects of strong
gravity on light
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BLACK HOLE :  GRAVITY Fobces So STRoNE
NERR. “MAST SincuLABTy "
THaT Priorbuis Chuner Ercape !

Black Holes

+ Escape velocity Ves.?>=2xGxmass/R (sec45
* Mitchell & Laplace in 1700’s (post Newton)

speculated about objects so compact that v,
exceeds speed of light

 Einstein showed space and time are not distinct
(IF speed of light c is constant) » SPACETIME
singularity in spacetime - black hole

radial distance

radial distance
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“Black holes
have no hair”
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describe BH !
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* Gravity imposes curvature on space i

— light’ s path through space will be
“bent by gravity”

— within the event horizon, it cannot

climb out of the hole siretchad

— tidal forces are tremendous

— object would be

* As matter approaches event horizon...

2) Gravitational Redshiit

— As the probe gets closer and closer: to the event horizon,
the light becomes more and more
+ Photons lose energy. climbing out of the black hole gravity well

< Atthe EH (from our. view), photons are redshifted out of existence
(zero energy)

— Outside world gets

= Photons gain
energy. falling into
the black hole
gravity well

1) Spaghettified

* AS matter approaches the
singularity:..

— tidal forces (difference
between gravitationallforce at
two points) are tremendous

— Your feet would feella much
stronger pull of gravity than
yourhead

— object would be

“spaghettified”

event horizon

3) lime Dilation

— As the probe gets closer and closer: to the event horizon,
its clock appears to slow. down
— The probe (and'clock) never: get toithe event horizon
« |t moves slower and slower, eventually freezing at the EH

— it heads straight
into the black hole
= Nothing special at
the event horizon
— Outside world
clock appears to
be sped up
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How 7o "DETEcT" A BLACK HoLe ?

{ very careruey 1)

.. ONLY THROUSH EFFECTS (W NERRRY MATTER
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hole that you can't get out'again As 4 Mot SE

© LOukvime oF
Spnce "

NEWE 4 Bice Hoie

N MEAWRARE
PREcrLy

CYGNUS X-1 ¢
MOST VIABLE BLACK-HOLE CANDIDATE

Obselving a o ECCLIPTING EINARY SYITEM IN SN REMAAT (Sroms toor)
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Cygnus X-1: Blue supergiant (strong winds)
pours H + He onto accretion disk of black hole

Stellar-size

Views of
black hole

“Veil Nebula "

Accretion disk

Such SNR may
have a BH lurking!
.. but not this one

ue supergiant
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another
stellar-size
black hole
15 MASS TRIWRR. S m'wl G AcCRERGh) Bk
THAT onLe WAY our IS Atows Romrment Axis T
Gamma-Ray Bursts
HYPERNOVA ?
Collapse of very

massive star > BH

,,,,,,,,,,,,,,,

Luminosity ~ 10°to 10°
times output from galaxy

Visible from across the
universe !

Clicker Poll of Advice

* How do you take notes (or listen) during

lectures?

A. | get most of it by just listening

B. | write down some notes, then go back to
book to look things up

C. |listen, take some notes, then get copies of
lecture slides from course website

D. | enjoy talking with my buddies, and they tell
me later if | missed anything

E. |try to read the subject in advance, and then
listen, taking some notes in class

* 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!

ur Milky Way Galax

halo star orbits (green)

disk star orbits * \—" *
(yellow) :
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Whenever life gets you down, Mrs. Brown,
And things are hard and 1ouagh,

And people are stapid, chnoxious and down,
And you feel that you've had quite enough...

Stars and gas are all moving!

Just remember that you're standing on a planet that's evelving
And revolving at 900 miles an hows.

It's orbiting at S0 miles a second, so it's reckoned,

From the sun that is the source for all our

WEr,
Sing our way to e e
3 11 an outer spiral arm at 40 thousand miles &n hout
the Ml’ky W&y In the Galax;ﬁ Gall the Milky Way.
Now the Ga..u{ fnself contains a handred billion stars.
I's & hindred thousard light-years side from

THE GA‘ A X Y - It belges in the middle 16 thousand light-years thick,

Bat out by us it's just 3 thousand light-years wide.

We're 30 thowsand light-years from galactic central polnt.
LIGHTEN UP 111 g5 round very 300 milion yeas

And our galaxy is only one of millions and billions

In this amazing and expanding Universe,

uige star orbits (red)

Now the Universe isself is mn expanding and expanding
In every direction it could w

As fast as it can go, the spm: of I|g\ we know,

12 million miles & ﬂhnme and that"s the fastest speed there is.

S0 remember when you're feeling very small and insecure
How amazingly unlikely was your bisth,
And pray that there is imelligent life somewhere up above,

For there lsa’t any down here on Earth,

« disk star orbits (yellow)

. Lightcn op, thece are surs in the sky,
2 Lighten up, #'s a good quession why

THIS | SPIR S A SONG! Bt you don’t know the answer asd neither do I,
e Z " 5o meanwhile let's just all lighten up.

And remember that you're standing an a plaret that's evolving

CARToON SKErey o ‘ove GaLaxy ' (Mitky-uny)
EAGEs OPEN - ARMED SPIRAL

> < Glofene
oo . CwireRs
/A - W Shatcar
e Foco
¥ - - CKPELY ML A
o ( Aea
T i)

ExE-onviEw

One-pager: %

ALL aboutus! “™ S~ pise
Rovoty Thae
. (~ 1 Kpe)
v e - N Bace
Sketch s
. { Pravesoe. Bo, 00ty o wogy ) -UMWK’Y‘I:
of Milky Way sopvew B e T,
M T e Mase

150-200 x 203 M,
MUNPER of oraer:
Mecsw | ~400 x 109
" SPIRAL Afars

i
Y
T
g

SUNY VEGery Mows clms. o hary:
~ 2o Imfcve

QT Peticw oF Prvecumons

~ 2o Mt YRR

If we might see Milky Way from outside Milky Way Anatomy: Spiral Galaxy

" globular c\ustefsV
* Disk: includes halo
spiral arms --
young, new star
formation

Spiral
Sb galaxy * Bulge & Halo:
NGC 4414 older stars,
globular clusters

.

spirél arms




