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The NGC is a list of galaxies, star
clusters, emission nebulae and
absorption nebulae catalogued by
number.

On star maps, brighter stars appear
as a larger dot and smaller stars as a
smaller dot.

Stars are labelled according to their
brightness.
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Nuclear Fusion

A stellar nebula is a massive,
interstellar cloud of dust that serves
as a nursery for star formation.

Gravity causes dense regions within
these clouds to collapse, heat up,
and form new stars.

1 H O 0 Proton Y Gamma Ray
Hydrogen nuclei (protons) are fused @ rewon V) Newio
into helium nuclei, producing @ _ Posivon
gamma-ray photons, neutrinos and The conditions required to achieve this are:
positrons . Very high temperature RN
. / \
Massive amounts of energy are (on the scale of H @% e{—. .—}%
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released 100 million Kelvin)
The momentum of the gamma-ray . Very high pressure
hot lts | t d ti . LOW TEMPERATURE HIGH TEMPERATURE
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Stellar Stability

Pressure el
gravity <@

The outward push
of pressure . .

... precisely
.............. balances the
inward pull of

gravity.

Pressure is greatest
deep in the Sun
where the overlying
werght 1s greatest

Stars are stable as long as the force of gravity
inwards balances the outwards pressure from the
gas within the star and gamma photons released
from fusion.
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The Main Sequence

Stars can sit on the main sequence
from 8% mass of our Sun to over
40%.

"'

Photosphere

Stars up to 1.5 times the mass of our
Sun fuse hydrogen atoms to form
helium.

Radiative
Zone

Core
(Nuclear Fusion)

Above that they start using carbon,
nitrogen and carbon to help do the

same.
: .‘;‘.. 3 . : : :
Eruptivelprominencelll SRS L A hotter star will burn its materials
| . sooner and will have a shorter life
: S @m whereas a cooler star will burn
[Coronal[loops slower and have a longer life.
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Evolution of a Sun-like Star

Hydrogen runs out > Fusion slows > Gravity collapses the core > Outer layers expand

A star exhausting its hydrogen slows its rate of fusion. This increases its size until it starts consuming heavier elements.

cloud of hydrogen helium core star finally
and dust condenses forms as hydrogen collapses,
shell expands forming a
white dwarf

main-phase star burns

hydrogen in its core
(current state of star becomes a red giant consisting

Earth’s sun) of a carbon core surrounded
by hydrogen envelope

billions of years
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White Dwart

Over its lifetime as it swells to a red
giant these same forces keep it
together.

Eventually the fusion pressure drops
and the outer atmosphere collapses,
bouncing off the core and being
ejected into space.

The remaining core shrinks to a white
dwarf and no longer fuses, different
forces are at work.

The outer layers of the star has ben
expelled to form a planetary nebula.




WHITE DWARF

... Chandrasekhar Limit

’ The core of the former star and is now
Ocypen and a crystallised structure of oxygen and

Carbon rith
Z carbon, densely packed with

Crystalire

matenal electrons.

» The strong gravity means electrons are
:;M"z,'::‘:f* more compact. This is called electron
degeneracy pressure and keep the
white dwarf stable.
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CHANDRASEKHAR LIMIT

The higher mass a white dwarf is, the
more dense it becomes and so the
smalleritis.

A white dwarf can be no more than 1.4
solar masses. This is called
the Chandrasekhar Limit

Solar Radius (Rg)

1.0 15

Solar Mass (Mg)




Evolution of Large Stars

Supergiant Stars are rare stars with high luminosity and among the largest stars. They consume fuel at a fast
rate, burning its elements until it reaches iron before destroying itself in a supernova.

Hyper Giants are very rare stars with strong luminosities that burn fuel at an increased rate. They are unstable
and vulnerable to losing mass blown by interstellar winds. THE SIZE OF STARS ‘

Our SU Arcturus
T warf Type: Oran
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Sirius A

Dwarf Star

The Sun

Dwarf Star




Supernova

A supernova is a violent explosion
briefly outshining an entire galaxy.

Gravity overcomes pressure >
Core collapses »
outer layers forcefully ejected.

These are crucial for scattering heavy
elements, such as iron, throughout
the universe.




Neutron Stars

There are two types of formation of a neutron
star.

. Ared super giant goes supernova.

. A white dwarf than cannot contain its mass
through electron degeneracy pressure.

These stars are compressed so much that they
are composed entirely of neutrons (made from
combined electrons and protons)

Neutron stars rotate rapidly after formation,
typically spinning between fractions of a second
and half a minute.

We can detect this because they emit pulses of
EM radiation (pulsars).

NEUTRON STAR

Crust

Outer Core
Fluid neutrons,
protons, &
electrons

Inner Core -
Dense particles

Core
Unknown

Mass: 1to4 Mo

Radius: 5to 20 km

I —

GCravitational
Pressure

Neutrons densely
packed prevent
gravitational collapse




Black Holes

No astronomer has ever seen a black hole, largely because there is too much material surrounding it and also
because it is black as the name suggests.

Most astronomers accept they exist but there is a lot about them that we don't know. [There is no direct evidence
for them]
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