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Joys of Black Holes

* Black holes, their general m'o%artiets,_ and th(ra‘i(r
Ir. Einstein "s wo

“care and feeding” - and
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?)

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

* Overview read Chap 19 “Our Galaxy”
* No Observatory Night #8 tonight: snow

So did we really love this exam?

RESULTS FROM SECOND MID-TERM EXAM

SECOND MID-TERM EXAM

*» Grade boundaries, based on 110 points
(graded on a “curve’):

s If 98/110 (89%) orover, A’s [36%)]

. 88/110 (80%) or over, B’s  [43%)]

. 69/110 (63%) orover, C’s [21%)]
Also +, plain, and — within these ranges

Go through answer sheet — and talk to us if

do not understand our choices. Keep exam
+ answers for future review (comp final)
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Kepler's SNR (1604) SN in MW

Visible Infrared *
Hubble Space Telescope | Spitzer Space
L————————

Chandra
X-ray image
red: oxygen
yellow: iron
blue: shock

‘prompt *

Kepler SNR (1604) Chandra X-ray

In Milky Way: Tycho Brahe SNR (1572)

Chandra
X-ray
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ACCRETION Disks

USUALLY MASS TRANSFERRED 1 BwARY
HAT
TOOHVEH  priguiae MowenTum
{ SipEwAvs , Rornmona. Motow )
TO FhLe Srlarcwr
= FEms Disk

( Fiarrenes vernay oF veRTEX
MW Barime ! )

Mass transfer
-> accretion disk

- Stow INWAED
” SPIRAL

Do #or
Z Diske

disk gets very hot

-- radiates brightly
GAS HEATS UP AS IT SP@aLs N

makes neutron stars = BADMTES  VismiE, OV,




“Compact Companions "in Binary Systems

* Again: mass T T
transfer from , N
red giant
companion
spirals onto
accretion disk

* Inner parts
become VERY
hot -- glow in
UV, X-rays

Relativity: gravity is
really the warping of
spacetime around an
object with much mass

o Light travels in ‘Straight
lines ”"— and its bending
comes from spacetime
being curved by gravity
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Reading ahead Clicker — Black Holes

* What do we mean by the event r
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

s D. The place where x-rays are emitted
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Black Holes

* Escape velocity Ves;?=2xGxmass/R (sec4s)

s Mitchell & Laplace in 1700’s (post Newton)
speculated about objects so compact that Ve,
exceeds speed of light

* Einstein showed space and time are not distinct
(IF speed of light ¢ is constant) - SPACETIME
Singularity in spacetime - black hole

-

radial distance

radial distance
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SPuirkeds BLACK HoLE

i Gravity imposes gurvature on space i

1) Spaghettified

» As matter approaches the
singularity:-.
— tidal forces (difference
between) gravitational force at

two points) are tremendous

— Your feet would feella much
stronger pull of gravity than
your head

— object would be

“spaghettified”

event horizon

... ScHwepacaup Pasi Fk Blhcr Hores
. ‘Event
horizon ™
Schwarzschild
radius: where
escape velocity
is speed of light
Rs = 2G mass /c2 )
most simply: Some_ScHwmtz me Pésy %_m
(RS in km, Efre Mpse  2x 107 My 03omt
S Mo 2 Km
R, = 3 M GALAXY 1ot My 0.08 Liwr yous.
M in Mgyp) Wz;mnzls;?ﬂlu@;«fmm;:
Warping of Space by Gravity

radial distance

radial distance

event horizon

PY

— light’ s path through space will be

“bent by gravity” squeezed —» 1{«—

— within the event horizon, it cannot i

climb out of the hole stretched |

* As matter approaches event horizon...
— tidal forces are tremendous

2) Gravitational Redshift

— As the probe gets closer and closer to the event horizon,
the light becomes more and more
= Photons lose energy climbing out ofithe black hole gravity well

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

— Outside world gets

event horizon - Photons gain

energy. falling into
the black hole
gravity well
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3) Time Dilation

— As the probe gets closer and closer to the event horizon, « Black holes have gravity just like “normal’
its clock appears to slow down stars, planets etc.

— The probe (andiclock) never get to the event horizon
« |timoves slower . and slower, eventually freezing at the EH
» TJhe only problemiis that you can get SO
close to the concentrated gravity near a black

— itheads straight hole that you can't get out again
into the black hole

= Nothing special at
the event horizon
— Outside world
clock appears to
be sped up

CYGNUS X-1 :
MOST VIABLE BLACK-HOLE CANDIDATE

How 7o "DETEcT" A BLACK HoLe 2
{ very cageruey 1)
o ECCLPTING EINARY SYem IN SN BEMuhr (Crgus tooe)

.. ONLY THROUSH EFFECTS DN NEARRY MATTER Observing a
N = STEOME X-Eay SoURcE | VERY AR FLUCTUATIONS
MSTLY Look A Clace Sangees Aup black hole:

o DOPRER VELoCY VARUATORLS of PsARY

SEfRCH ok ComPacr X-RAY SuRCES INDHEATE MAsTVE Comimaron { Ner S DiR€crur)
H%wtto ¢” Cemee Cygnus
elec f . “iagE * SR (0 Emny SymeM (5 X.1
. black hole Too MASSIVE To BE WHTE PWaeF of

MeuTtor) SRE. = paarr 7 ZMg
Z. Too S i Ripwis TO BE PETECTIGLE

o STELLAR Winp Foufs MATTER. (RTD HUSE AEETIoN DICK

o INFLING GAT HEATED AT SPIRALS INWRED | GEFT So HoT
THET EMITS X-Bavs A mwEL BCE OF Pisk




BH + jets

Review Clicker— Size of Black Hole
» What does the Schwarzschild radius of a
black hole (BH) depend on ~
* 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

s D. Whether BH formed in massive star
supernova or in some other way
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SS433 : BIZ2ARE Eccurimis X-gay BINARY

MASE FLow) FRost ComPAricad ONTY AcclEvon) Biix
Aounp MESTRo TR [of Bracewee 7). ..

sase = THONARE S TEFT Ny
- VELocmes 4T 876 ¢ (1)
TEERBcucaR Th Disw

WHICH PEECECTES

SS 433

top candidate ni
for wild object!

15 MAST TRanIRR. So Sifand O Acclzscl Brrs
THAT Ny WAY our IS Atows Reammen Axis 7

gamma-ray intensity
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