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nuclear fusion reactions
begin

Star: an object in which the inward force of gravity is balanced by
outward pressure generated by nuclear fusion reactions

he type of object is defined by what provides the
outwards pressure

nuclear fusio
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Mass can be converted into energy

Stars are huge, natural machines that are in the business of converting
mass into energy and distributing that energy throughout the universe
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The internal structure of a normal star Inert hydrogen envelope

hydrogen to helium
fusion core
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fission fusion

<

£ 1N

29 AL,
OO »@ + —energy—

1 “He

0.7% mass of protons disappears, is turned into energy
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Brown Dwarfs
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Brown Dwarf Gliese 229B

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA

star cluster IC 34?

Credit: NASA
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expanding, Inert
hydrogen envelope

hydrogen to helium
fusion shell

shrinking, inert
helium core

The Sun as a red giant
(diameter = 2 AU)

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

Credit: nineplanets.org
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ed supergiant

Image of Betelgeuse from ALMA

___Satum

Jupiter

Credit: ESO

A planetary nebula: Cat’s Eye Nebula
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White Dwarfs

eutron stars
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The Lighthouse model of a pulsar

Black holes

Schwarzschild radius

Gaia BH1 Cygnus X-1 Gaia BH3

Credit: ESA
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PTIONAL MATERIAL!

PTIONAL MATERIAL!
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PTIONAL MATERIAL!

Hydrogen Fusion by the Proton-Proton Chain

Step 1
Two protons fuse to make
a deuterium nucleus (1
proton and 1 neutron).
This step occurs twice in
the overall reaction.
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Step 2
The deuterium nucleus
and a proton fuse to make
a nucleus of helium-3 (2
protons, 1 neutron). This
step also occurs twice in
the overall reaction.

Step 3
Two helium-3 nuclei fuse
to form helium-4 (2
protons, 2 neutrons),
releasing two excess
protons in the process.
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