Stellar evolution
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When is a star born’? When is a star dead?

A star is born when nuclear fusion A star is dead when nuclear fusion
begins in a gaseous cloud under stops.

gravitational compression.
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Relative size
of Earth
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Total power output of Sun
3.8 x10%*® W.

Every second 43 lakh tons of
mass get converted to
energy.

Earth’s surface receives
1400 watts of power per
square metre at noon.
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Protoplanetary disk




OO O
SO 6L
N EHU(©) 603 Ud
- DQIOWE]00
10 2051 Q@d ®o6)®
QO aHo (JOWPSBAQ.




Y GammaRay

V  Neutrino

roton
Y Gamma ray 4
eLtron
V  Neutrino He
O Positron

P-P awo CNO ai@®o

(O Positron




Y Gamma Ray




Core of a massive star at the end of Silicon Burning:

H Burning
Shell

He Burning
Shell

Core Radius: ~1 R

C Burning
Shell

Ne Burning
Shell

O Burning
Shell

Si Burning
Shell Envelope Radius: ~ 5 AU



BC 4 dHe — MO 44 E =716 MeV
WO+ iHe —+ I Ne+v E=4.73MeV
ANe+ iHe — %Mg+y E=9.32MeV
Mg+ YHe — B8i+y  E =908 MeV
S+ jHe — i8S+  E=6.95MeV
iS5+ dHe — JlAr+9  E = 6.64 MeV
WAr+ JHe — J1Ca+vy E=7.04 MeV
Woa 4 iHe — MTity  E =513 MeV
HTi+ MHe — ¥Cr4+v  E=T7.T0MeV
3Cr+ 3He — 3 Fe+v E=7.94 MeV
2P+ iHe — BNi+y E=8.00MeV
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Hydrostatic Equilibrium
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Granule
Sunspot

Penumbra
Umbra

Solar wind

Corona
Photosphere
Temperature
minimum
Flare
Chromosphere

The Sun

All features drawn to scale

Transition region
™~ Prominence

By Kelvinsong - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/in=2337dex.php?curid1669



Energy transport in Stars



Life Cycle of a Star
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The Sun as a red giant
(diameter = 2 AU)

The Sun as a main-sequence star
(diameter = 0.01 AU)




V838 Mon Light Echo
HST ACS/WFC
Hubble Heritage

May 20, 2002

December 17, 2002

-

September 2, 2002

February 8, 2004

October 28, 2002

October 24, 2004




White Dwarf (6QUS8Es88M), GUDIMAQIIAMM)

1. Last stage in the evolution of low mass stars.

2. Sun will eventually become a white dwarf. Most
of the other stars in the Milky way galaxy also
would end up as white dwarfs.

3. When it becomes a white dwarf it will have the
size comparable to Earth, but mass will not be
much less.

4. In white dwarf stars gravitational pull is balanced
by degeneracy pressure of electrons.

5. Maximum possible mass of a white dwarf star is
called Chandrasekhar limit.

6. White dwarfs are dead stars, i.e. no fusion takes
place in them.

What we see as Sirius
actually consists of two
stars, one of which is a
white dwarf, Sirius-B
very close to Sirius-A.



A.D.185 A.D. 1006

RCW 86
Historical Observers: Chinese
Likelihood of Identification: Possible

A.D. 1181 A.D. 1680
SN 1006 3058 Cassiopeia A

Historical Observers: Chinese, o
Japanese, Arabic, European Historical Observers: Chinese, Japanese Historical Observers: European?

Distance Estimate: 8,200 light years
Type: Core collapse of massive star

Likelihood of Identification: Definite
Distance Estimate: 7,000 light years

Likelihood of Identification: Possible
Distance Estimate: 10,000 light years

Likelihood of Identification: Unlikely
Distance Estimate: 10,000 light years

Type: Thermonuclear explosion of white dwarf Type: Core collapse of massive star Type: Core collapse of massive star

JAWDREISE] A.D. 1054 A.D. 1572
G347.3-0.5 Tycho's SNR

Historical Observers: Chinese Historical Observers: European, Chinese, Korean
Likelihood of Identification: Possible Likelihood of Identification: Definite

Distance Estimate: 3,000 light years Distance Estimate: 7,500 light years

Type: Core collapse of massive star Type: Thermonuclear explosion of white dwarf

A.D. 1604

* LIGHT YEAR: the distance
that light, moving ata
constant speed of 300,000
km/s, travels in one year.
One light year is just under
10 trillion kilometers.

Crab Nebula

Historical Observers: Chinese, Japanese,
Arabic, Native American

Likelihood of Identification: Definite

Kepler's SNR

Historical Observers: European, Chinese, Korean
Likelihood of Identification: Definite

Distance Estimate: 13,000 light years

Type: Thermonuclear explosion of white dwarf?

Distance Estimate: 6,000 light years
Type: Core collapse of massive star




Crab Nebula




Neutron Stars

1. Last stage in the evolution
of massive stars.

2. Neutron stars will have the :
size comparable to a city magnetic

3. In neutron stars field lines
gravitational pull is
balanced by degeneracy
pressure of neutrons.

4. Maximum possible mass of
a neutron star is called
Tolman—Oppenheimer—
Volkoff limit..

5. Pulsars are neutron stars.







Black hole (®E@0G|0®0)

1. Last stage in the evolution of very

massive stars.

Nothing escapes from a black hole

Predicted by General theory of

relativity

4. In black holes gravitational pull is not
balanced by anything.

5. Merging black holes are a source for
gravitational waves.
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