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We need energy alternatives to fossil fuels
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A Present Alternative: Nuclear Fission
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Nuclear Fusion: An old recipe for clean energy
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Nuclear Fusion: An old recipe for clean energy
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The Grand Challenge: Make this Wor On- Earth
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“Deuterium-Tritium fusion diagram,” http://en.wikipedia.org/wiki/Nuclear_fusion (modified).
.Wikimedia Commons User: B. D. Esham (modified) :
Aerial photo of NIF credit: Lawrence Livermore National Laboratory MEDICAL SCHO OL

Hubble Telescope Supernova image credit: NASA, Space Telescope Institute & European Space Agency



|. The Ingredients of Star Power




The basic ingredients of fusion

Smallest

Wikimedia Commons Users: JabberWok & Yzmo (modified)
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Nuclear Fusion: Combining Atomic Nuclel
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Wikimedia Commons, “Deuterium-Tritium fusion diagram,”
http://en.wikipedia.org/wiki/Nuclear_fusion.



Why does fusion produce energy?
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Il. The Preparation
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Sufficient ingredients to achieve ignition

Hydrogen-2 Helium-4 + Energy

(1 proton + 1 neutron)

- (2 protons + 2 neutrons)

P

Neutron + Energy

(1 proton + 2 neutrons)

Wikimedia Commons Users: brionv ,& B. D. Esham. Wikimedia Commons, “Deuterium-Tritium fusion
diagram,” http://en.wikipedia.org/wiki/Nuclear_fusion. (modified)



Sufficient ingredients to achieve ignition

1. Enough Fuel

UNLEADED
FUEL ONLY

Wikimedia Commons Users: brionv ,& B. D. Esham. Wikimedia Commons, “Deuterium-Tritium fusion
diagram,” http://en.wikipedia.org/wiki/Nuclear_fusion. (modified)



Sufficient ingredients to achieve ignition
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Sufficient ingredients to achieve ignition

2. Sufficient fusion

Wikimedia Commons Users: brionv ,& B. D. Esham. Wikimedia Commons, “Deuterium-Tritium fusion FTTD
diagram,” http://en.wikipedia.org/wiki/Nuclear_fusion. (modified) HAR\B{%&LDSCHOO




Laser energy initiates fusion

Intense laser beams heat the
surface of the target

All of this happens in a tiny
capsule called a hohlraum
which contains a tiny

NIF Hohlraum Image Credits: Lawrence Livermore National Laboratory



The pathway to ignition

Hydrogen-2
Fuel Pellet @

Hydrogen-3

Hohlraum Image Credit: Lawrence Livermore National Laboratory. Apollo 15 Launch Image Credit: NASA. Wikimedia
Commons User: B. D. Esham (ignition cycle, modified). Wikimedia Commons, “Deuterium-Tritium fusion diagram,”
http://en.wikipedia.org/wiki/Nuclear_fusion. (modified)



The pathway to ignition

Heat Target
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Commons User: B. D. Esham (ignition cycle, modified). Wikimedia Commons, “Deuterium-Tritium fusion diagram,”
http://en.wikipedia.org/wiki/Nuclear_fusion. (modified)




The pathway to ignition

Heat Target Compression
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The pathway to ignition

Heat Target Compression
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The pathway to ignition

Heat Target Compression
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The pathway to ignition

Heat Target Compression Implosion

Hohlraum Image Credit: Lawrence Livermore National Laboratory. Apollo 15 Launch Image Credit: NASA. Wikimedia
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http://en.wikipedia.org/wiki/Nuclear_fusion. (modified)



The pathway to ignition

Heat Target Compression Implosion Ilgnition

Hohlraum Image Credit: Lawrence Livermore National Laboratory. Apollo 15 Launch Image Credit: NASA. Wikimedia
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How much power does It take?

Apply Ignition 10-100x Input
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Y 4 Wﬁ
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Wikimedia Commons User: KMJ
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The National Ignition Facilit
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Aerial photo of NIF credit: Lawrence Livermore National Laboratory

orld’s largest and most energetic laser
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The journey of light in NIF

NIF tour credit: Lawrence Livermore National Laboratory



The current status of NIF

* Construction of NIF was completed in 2009.

* NIF has already set several records as the world’s most
energetic laser.

* Currently tests and preparation are underway to ready
the laser for high-energy operation this year

National Ignition Facility, Lawrence Livermore National Laboratory



V. Toward Clean Energy and Beyond




Proposed Focus Areas of NIF

Astrophysics Fusion Energy

Supernova 2004dj in Spiral Galaxy NGC 2403 HSTe+ACS

-

Induction module
electric focusing

Induction module
magneﬁcfnr.na_i_ :

¢ of California, Berkelay) STScl-PRCO4-23 { -~ F“\\

Hubble Telescope Supernova image credit: NASA, Space Telescope Institute & European Space Agency.
Fusion Power: Lawrence Berkeley National Laboratory.



Summary

* Nuclear fusion may enable our clean energy future.

* Nuclear fusion combines lighter atomic nuclei iInto
heavier nuclei and releases energy.

* The current challenge of fusion is ignition.

* NIF, the world’s largest and most energetic laser, Is
designed to achieve ignition.

Wikimedia Commons Users: KayEss (balloons), B. D. Esham (ICF cycle, modified)
NIF aerial photograph image credit: Lawrence Livermore National Laboratory.
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