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A very deep picture of the sky over a small area, 1/100 the
area of the full moon. The left in visible Light shows many
galaxies, the right in x-ray shows point like quasars.



Quasars

stands for quasi-stellar radio source. These are
radio sources that makch up with faink blue “stars”, but no
star is known to be such a powerful radio source.

Spectra of quasars onl increased the mystery, because the
emission lines couldint be identified. In 1963 it was
realized that they were Just redshifted normal lines, but the
redshifts were incredible, more than 15% the speed of Light.

These could not be stars in our galaxy, but wust be
Lwcredibi.j Fowerﬂfui extragalactic objects thak appear point
Like. Quasars,



A quasar looks Like an
ordimawj star, Qmi.j bj Llooking
at iks spectra can we find that

Lt has a very high redshift
and must be very far away
Which means its luminosity is
&&Euai.i.v billions of times

greater thawn the other stars.






What are

The Hubble Eetesaope can be used ko show Ehak quasars are
inside galaxies.

What could be powering these extremely luminous ob jects
where the brightest ones can be a hundred trillion times as
Luminous as our sun?

The brighthess of quasars varies over months or even weelks.
This means the size of the region creating the radiation
must be around a 1/10 of a Light year, because a larger
region could not vary so quickly,

There are also observations of giant jets coming from the
centers of qalaxies. These are called active qalaxies.



Hubble tmages
of the
galaxies
hosting
quasars. Thej
show quasars
occur A a

wide range
of galaxy
%vpes.




B To Earth
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If an object was 10 light years across and it suddenly changed its
luminosity, then when we see the change from the front g»ocr& (A) it
still takes § years to see the change from the middle part (B) and &
more to see the change at the end (C). Thus the time it talkes an
ob ject to change its luminosity is roughly related to its size.



A huge jeb traveling at
nearly the speed of
Light out of the center
of the galaxy M¥7
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Chandra X-ray

Actkive Cralaxies

VIA raco

The asktronowmer,
Carl Seyfert, found a
nunmber of qgalaxies with
very bright centers.
Spectroscopy showed
that gas was moving at
2% the speed of Light in
the centers of these
qgalaxies
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Quasars and Ackive Galaxies are
Powered bj Surm.r Massive RBlaclke Holes

o Quasars are very luminous, as luminous as an entire galaxy,

o Quasars are very small, much smaller than the distances
between stars.

@ The onl fawer source we khow of that compact is a black
hole, bug hese would need to be millions and billions of
times Llarger thawn a star.

o We also know blackholes can shoob ouk je%s Lilee seeln i
the active galaxies.



Observational Evidence of Black Holes

o The best evidence for mass comes from orbiting
material. Unlike the Milky Way we can not image
individual stars in other galaxies.

o Bult we can detect qas the seems to be orbiting the
central Ob\}ea‘% Lt some cyf these qgalaxies.

o Recently radio interferometers have imaged an
acerebion disk with such pr&&&smm that Ehe shadow
caused bv the black hole can be clearly seen,



Measuring the gas rotating arocund Qecem&t:j this black hole was

the center of M¥7 we can detect directly imaged i radic wave
there is a massive object of at interferometers, This is close as
least 3.5 billion solar masses. we can get to ‘seeing’ a back hole,

Approaching




Another image of qas circling a black hole. In this case the black
hole is much smaller, only 300 million times the mass of our sun.
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Gravitational Enerqgy

Gravitational enerqy is released bj
friction, The same thing happemns
with a space croft in the Earth’s
abtmosphere.

ras §QLL£M9 inko a black hole can : | ———=aee
be accelerated to 10% the speed o
Light.

This converts into temperatures of
millions of degrees, emitting x-rays.

Fusion coverts 1% of the mass to
enerqy, gravitational enerqgy from a
black hole is more often 16% of the
mass of accreting material.




.Jp?{ -‘.
These ‘Fermi Bubbles’ are
hot gas bubbles that come
from the Milkey Wav's ;
center, They may sugqest
thalt our supermassive
black hole was more
active tn the Fms&.



o We assume that the jets of material coming out of
black holes has a similar origin to the jebs we see in
other astronomical objects; magnetic fields.

o These maqgnetic fields can take hot material in the
accretion disk and efject them Kerpemdwuiar to the
Aisk with close to speec{ of Light velocities.

o The velocities are so high the jets can extend out for
100 of thousands of Light years.






Observations
of this in a
gataxv with a
1.2 billiown
solar mass
black hole.,
The acceretion
diske is
Ferpemdwutar
to the jets,

280 arc seconds
88000LY P‘_’“‘{

17 arc seconds

400 LY
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Quasars strongly show that the universe has changed
with time. There are very few QuUASATS today, but there

were o thousands of times as many two billion years
after the biq bang. The total star formation rate
shows a similar evolution,




Growth of Super Massive Black Holes

Stee quasars re uire accreting qas to shine, b@.&hg MOTE COMMON
i the Fms& could mean super massive black holes were more
commomn or the gas to feed them was more common,

Since we know of no way for a super massive black hole to Lose
mass, the assumy&o»m LS a«o& all those super massive black holes
are still around Eodav, but ok quasars because they dont acerete
as much qas,

For Mearbj galaxies we find there is a correlation between the
mass of the central black hole and the mass of the galaxy’s bulge.

So quasars are somehow connhected with the properties of galaxies.
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Black Hole Mass
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Mass of Central Bulge

« Stars/tarly-type BCG
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o LASEAany-type BLG

o LasJlharky W 1o e

The observakiowns
that black hole
mass correlated
with the mass of a
galaxy’s bulge.
These however are
masﬂfj not active
blaclk holes buk
qui& ones.




Even if there is
no qgas to make
a blaclk hole
active itk can

skill
o&&as&omauj

flare up by
eating a star, A
skar will be
tidal disrup%ed
whewn to close to
a black hole
causing a flash
of Light.
Asktronomers
Ehinie Ekej have
seen this.




The Gataxv - Central Rlaclke Hole
Connection

o It is still uwnclear ﬁxaﬁﬂv wlmj Ehis connection exists, buk
we can thOEkesis some Teasons,

o During the gquasar phase a tremendous amount of
enerqy is released. This might remove all the gas i a
galaxy and end star formation.,

o Merqging qalaxies can funnel qas to the central regions
feeding the black hole and the bulge, Merqers are also
more common whein the universe was younger.



This image shows the merqger of two qalaxies which both have
central black holes. In x-ray (right) we can see the emission
from both black holes.

https:// wwmgou&uhedeo m/wabkch?v=TseBSs{KQLHU


https://www.youtube.com/watch?v=TseB5fKQlHU

