Galaxres aré masswe coIIectlons of stars. In a galaxy like our own
Milky Way (shown below) there tan-be as many as 1011 stars!
Other than stars, there is also gas and dust (inter stellar medium),
- dead star remnants, dark matter.and a central super-massive
‘black hole. In the unrvers-e there are estimated to be 1011 sugh
galaxies! Qne can onIy |mag|ne how big the universe |sI : ‘
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- Galaxiés were frrst classffled 0 ‘Edwin Hubble popularly'
known as the Hubble Tuning fork diagram. This is shown
to the r|ght Later this scheme was .expanded by :

Sandage and de Vaucouleurs to give due place to ~ - bl G
gaIaX|es that drd not fit in this scheme. (like krregular
b galaxies) :
EIIiptrcaI galax'res are -
smooth and.featureless e . . T
‘structures. At the center the T i S "
light is strongly corTc!entrated e 5 |

and fades out towatds the - o

outer edges. These contarr‘l' R o = . % '
very old stars, have I|ttledust et S .

and hardly any star formatlon
Is taking place in them.. (The .
number (in EO, E3, ES, etc) S

This prcture shows gaIaxres |nteract|ng with'each other

Thrs-rnteractton takes a very long time compared to the
| human time scales. It is believed that elllptlcal gaIaxres
i have formed from-such |nteract|ons T i
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- Galaxies - The “I lan d U niverses”

Edt/t//'n Hubble 5
Classification
Scheme

Ellipticals

EO E3 ES5 E7
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-+ e In between spirals and ° =
£ ellipticals are the e f b

=+ “fenticulars’. They are

nelther as featureless as
elllptlcals nor-feature-rich as .
the splrals SOs have a large
featuréless bulge similar to
‘the elllptlcals but also have a |
promrnent disk, with no splral
.arms; SBOs are like SOs but
have a bar at°the center. (SO

SBb
\Y ={e _

Splral gafaxres beautiful to
Jlookeat, are also very
interestrng objects. They have
& central eoncentration of
" stars, .an‘outer disk which -
rotate’s; and a beautiful spiral
structure. made of stars. Unlike
ellipticals, there®is a lot of dust

present in. these galaxies and °
new stars are formrng In them,

especially | Tik th.e spiral arms.
Seme of these even hrave a bar
at their center: (S e spiral, SB —,
spiral with a bar*The letters a,b
and c are used tG represent the

tightness of the splral arms.)

A gomputer‘generated deplctldn.of the tracl@
traced by stars at the center of aur:own galaxy -
OSLE RN T'he Milky Way

¢ LSS I.mage of't.'_he Abell Cluster 1689
7

iy one on left but not yet settled.
L , down.

" represents the flatness of: the . Ientrcular without bar,, SBO — % . v
shape 0'—round and 7 — very. - # lenticular with a bar) ° |
flat.) . s i . s ~
. . " GaIaX|es are not jUSt a passwe coIIectlon of starsI
| QuasarsIAGNs These ks Gt C'entral‘ Black Holes: As a
* .. . . Objects that are not exactly stars |
g, : e | sup'port to the presence of the
but are producing Immense
% i Ry black holes, astronomers have
. .0~ - amount of energy from a central
AT esEe e e . _ : ,. noted the motion of stars around
e e paint like source, and appear like aiit
R e the center of our galaxy as shown.
J stars by outshining the galaxies-in J -
: e : : From the orbits fraced by ° the
fo T which they reside. ‘AGNs are -
: i stars one can Infer hat there is a
<+ .t . guasars in whom the galaxy and A
T ,.dark massive object sitting at the
T .-e" " central source can be seen . :
LS et S center whose mass Is confined to
- .. ot separately. They are believed to A
£ e Ve : : - - R very ‘small volume. It is most
= = pe super-massive black holes :
L e Ilkely to be a super- masswe black
e -accretlng nearby stars but a lot h |
; S S R ; ole o
) e _rema|ns unexplarned about them SR
A false color |mage of a Quasar m , R , >4 ' '
X-Ray wavelength .
e ~ Radio Galaxies: We have also * Galaxy Clusters: Galaxies are a
et 2t . observed using radio telescopes 0.7 collection of stars. We have also
| certain galaxies with  giant found collections | of galaxies,
e - emission lobes as shown in this- <5, - Called as galaxy clusters. One ean. .
P figure. These are again thought =" :* * -study these clusters to see. how
; ' to be jets coming out from the ; gaIaX|es evolve and how their ,
IR central black hole. These jetsare - = . evolution is governed. by the
-~ . huge extending to the order of environment around them. Since
g MPc-i.e. size bigger than the ‘”.'T;i.;_'._-clusters also contain a significant ~
AR galaxy itself! It is still an unsolved . ", portion of dark matter, the study of
£ question as to how such powerful =« ~ these clusters also allows us the .
| R *eMmissions can be generated. | | study of eark matter distributions
'Theabo‘ve.isafalsecolor irnageof g s' | 9 S|nce |tS graV|tat|0naI eﬁeCtS ale ; .
Wavelongth, oo - the only things that allow us to '
| : o - oTe.tect it. In between galaxies lies
: ; : ; “lot of hot (1-100 million °C) gas as
: weII caIIed Inter-cluster medlum
| o - Th|s galaxy (NGC 4826) is full
3 - o niik —.of violent activity with gas
: i = : rotatlng opposite to that of stars.
K _ This is thought to be a galaxy
e formed by interactions like the



