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Contemporary Physics 
Education Project

 CPEP is a non-profit organization of teachers, educators, 
and physicists located around the world.

 Purpose:  “…to develop, test, and produce curriculum 
materials for the purpose of improving instruction in 
introductory physics course.”

CPEP charts, brochures, web features, and classroom 
activities present the current understanding of  the 
fundamental nature of matter and energy, incorporating the 
major research findings of recent  years.

During the last twenty years, CPEP has distributed nearly 
half a million copies of its charts and other products.

www.CPEPphysics.org



www.CPEPphysics.org

















What is a Plasma?



What is a Plasma?

• A plasma is an ionized gas.

• A collection of positively 
and negatively charged 
particles.

• Fourth State of Matter (Should it be the 1st State?)

• Plasmas interact strongly 
with electric and magnetic 
fields.



What is a Plasma?

‘Plasma’ was coined by Tonks and
Langmuir in (1929):
“...when the electrons oscillate, the
positive ions behave like a rigid jelly...”

Also: The fluid part of blood, lymph, or milk.
But this is NOT what we are considering!





Quiz

What percent of the earth is plasma?
Almost zero

What percent of the solar system is plasma?
More than 99%

What percent of the observable universe is 
plasma?

Almost 100%

What percent of the human body is plasma?
Zero



Where do we find plasmas?

• Examples of plasmas on Earth
– Lightning
– Neon and Fluorescent Lights
– Laboratory Experiments
– Plasma Globes (Balls)
– Plasma displays
– Manufacturing
– Aurora

• Examples of astrophysical plasmas:
– The sun and the solar wind
– Stars, interstellar medium



Plasmas on Earth

Plasma Globe (Ball) Lightning



Plasmas on Earth

http://www.howstuffworks.com/plasma-display.htm 
http://home.howstuffworks.com/fluorescent-lamp.htm



Plasma in Art
Dale Chihuly Glass



YouTube video from Arbor Scientific
Top 10 Demos with a Plasma Globe

https://youtu.be/RCi5rOy0Xnc



Astrophysical Plasmas

The Sun
Catseye Nebula



Solar Corona During Eclipse
Did you view the 2017 eclipse?

http://www.mreclipse.com/SEphoto/SEgallery3/SEgallery3.html



The solar wind (a plasma) interacts 
with the Earth’s magnetic field

The sun emits mass in
the form of plasma at
velocities of up to 500 km/s.

This solar wind causes
the Earth’s magnetic field
to compress creating a shock
wave called the Bow wave.

From Stars, James Kaler



Interactions between the earth’s 
magnetic field and a plasma can 

have spectacular results

The northern lights
(aurora borealis)

Photo by David Fritz
http://www.pfrr.alaska.edu/aurora/index.html



Interactions between the earth’s 
magnetic field and a plasma can 

have spectacular results

The northern lights
(aurora borealis)

Photo by Jan Curtis
http://www.geo.mtu.edu/weather/aurora/images/aurora/jan.curtis/



Plasmas of all kinds



Plasmas of all kinds



What causes the 
colors in the plasma?

R  O  Y  G  B  I V

Reminder:  Electromagnetic Spectrum



What causes the 
colors in the plasma?

R  O  Y  G  B  I V



What causes the 
colors in the plasma?

When an electron goes from a higher energy state 
to a lower energy state it gives off energy as light 
associated with that energy.



What causes the 
colors in the plasma?

Energy levels 
in atoms are 
unique and so 
the spectra of 
different 
atoms show a 
unique set of 
wavelengths.  
Our eyes see 
these 
combinations 
as a particular  
color.



What causes the 
colors in the plasma?

• Recall a plasma is an ionized gas, so energy 
has been used to remove an electron – to 
higher state.

• Some of these ions recapture the missing 
electron, it goes to a lower state, giving off 
energy.

• The energy given off is emitted as light of a 
wavelength characteristic of that atom.

• This is the light we see. 



http://solar-center.stanford.edu/comics/

Plasma Globes -- How Do They Work?



Why are we interested in
plasmas?

Astrophysics
Understanding plasmas helps us understand
stars and stellar evolution

Upper atmospheric dynamics
The upper atmosphere is a plasma.

Plasma Applications
Plasmas can be used to build computer chips,
to clean up toxic waste, for display panels.
(www.plasmacoalition.org/about-plasma.html)
(www.plasmas.org/applications.htm)







About Plasmas Example



Why are we interested in
plasmas?

Fusion Energy
Potential source of safe, abundant energy

Astrophysics
Understanding plasmas helps us understand
stars and stellar evolution

Upper atmospheric dynamics
The upper atmosphere is a plasma.

Plasma Applications
Plasmas can be used to build computer chips,
to clean up toxic waste, for display panels.
(www.plasmacoalition.org/about-plasma.html)
(www.plasmas.org/applications.htm) 



New Sources of Energy 
Needed



Plasmas and Fusion Energy

Much of plasma physics research has 
been motivated by the goal of controlled 
fusion energy.

Fusion energy is energy which is 
released when two light nuclei combine 
to form a single more stable nuclei.

The sun and other stars derive their 
energy from fusion.



Fusion in the SUN
• Number of nuclei:

90% H, 9% He, 1% others
• Solar core: 16,000,000° C
• 5 billion years more – slow 

process

http://sohowww.nascom.nasa.gov/data/realtime-images.html

http://sohowww.nascom.nasa.gov/data/realtime/eit_304/


Deuterium – Tritium (D+T) 
(Isotopes of Hydrogen)

A number related to “probability” of reaction 
occurring at a given temperature.

High T

Reaction more plausible on earth



High Temperatures and 
Densities Needed - A Plasma



Energy Sources and 
Conversions



Energy Sources and 
Conversions



Energy-Releasing Reactions

Chemical Fission Fusion 

Sample Reaction C + O2 -> 
CO2

n + U-235 -> Ba-143 + 
Kr-91 + 2 n

H-2 + H-3 -> 
He-4 + n

Typical Inputs (to Power 
Plant)

Bituminous 
Coal

UO2 (3% U-235 + 97% 
U-238)

Deuterium & 
Lithium

Typical Reaction 
Temperature (K) 700 1000 108

Energy Released per kg 
of Fuel (J/kg) 3.3 x 107 2.1 x 1012 3.4 x 1014

“ …the lithium from a single laptop battery and the deuterium from 
45 liters of water could generate enough electricity using fusion to 
supply an average U.K. consumer’s energy needs for 30 years.”  
Daniel Clery, A Piece of the Sun



Why Lithium as a fuel?

• Tritium radioactive with half-life of 12.3 years, 
so not readily available

• Use a reaction with Lithium to produce Tritium
• Lithium readily available

https://www.euro-fusion.org/news/2017-3/tritium-a-challenging-fuel-for-fusion/



Nuclear Binding Energy



Fusion vs. Fission

Combining low mass nuclei goes to higher binding energy -
release energy - Fusion
Breaking a high mass nucleus into lower mass pieces goes to 
higher binding energy - release energy - Fission

Energy released when go from smaller binding 
energy to larger binding energy



Mass Difference Converted 
into Fusion Energy

• The fraction of mass “lost” is just 38 parts out of 
10,000

• Nevertheless, the fusion energy released from just 1 
gram of DT equals the energy from about 2400 
gallons of oil



FUEL NEEDED FOR ONE YEAR OF 
POWER PLANT OPERATIONS (1000 MW)

http://fusioned.gat.com/images/pdf/promise_of_fusion.pdf



Some Advantages of 
Fusion Energy

• Inexhaustible: “unlimited” fuel and available to 
all nations; Low land-use costs

• Clean: no greenhouse gases nor air pollution; 
Storage of short-lived radioactive 
components.

• Safe: no catastrophic accidents; Low-risk for 
nuclear materials proliferation.



From:  Kurzgesagt – in a Nutshell

https://www.youtube.com/watch?v=mZsaaturR6E

Fusion Power Explained



Magnetic Confinement

TOKAMAK



Magnetic Confinement

Inside of the Princeton Plasma 
Physics Laboratory Tokamak
TFTR. (1982 – 1997)

DIII-D General Atomics



MIT

ARC stands for “affordable, robust, 
compact.” Though a tokomak by 
design,  the MIT ARC Fusion reactor 
will  use of a new class of 
commercially available 
superconductors tapes that generate 
significantly higher magnetic fields 
than standard superconductors. This 
will result in a possible power 
increase of almost 20 times.   With 
this massive boost in power, MIT has 
been able to design a much smaller 
(and therefore cheaper) reactor that 
can still produce significant amounts 
of electricity.

A small, modular, efficient fusion plant - ARC



Inertia Confinement-
National Ignition Facility

The world's largest and highest-energy laser, the National Ignition Facility 
(NIF), was dedicated May 29, 2009. NIF is conducting integrated ignition 
experiments that focus the energy of 192 giant laser beams on a BB-sized 
target filled with hydrogen fuel. One of NIF's goals is to fuse the hydrogen 
atoms' nuclei and produce more energy than the laser energy required to spark 
the reaction. This is the same fusion energy process that makes the stars shine 
and provides the life-giving energy of the Sun.

Three football fields could 
fit inside the NIF Laser 
and Target Area Building.

http://lasers.llnl.gov/



Achieving Fusion Conditions



Achieving Fusion Conditions

http://crppwww.epfl.ch/~weisen/publications/EPN_2005.pdf



The Next Step - ITER



Cadarache, France

Cadarache



June 2019



ITER Timeline

2005 Decision to site the project in France
2006 Signature of the ITER Agreement
2007 Formal creation of the ITER Organization
2007-2009 Land clearing and levelling
2010-2014 Ground support structure and seismic foundations for the Tokamak
2012 Nuclear licensing milestone: ITER becomes a Basic Nuclear Installation under

French law

2014-2021 Construction of the Tokamak Building (access for assembly activities in 2019)
2010-2021 Construction of the ITER plant and auxiliary buildings for First Plasma
2008-2021 Manufacturing of principal First Plasma components
2015-2023 Largest components are transported along the ITER Itinerary

2020-2025 Assembly phase I
2024-2025 Integrated commissioning phase (commissioning by system starts several years 

earlier)
Dec 2025 First Plasma
2035 Deuterium-Tritium Operation begins



A Challenge for the 21st

Century

November 2, 2015

National Academy for Engineering

Their 14 Great Challenges for the 
21st Century includes

Provide Energy from Fusion



Achieving Fusion Conditions

Where can I get 
information of the current 
progress in fusion/plasma 

science?

Check the Other Fusion and 
Plasma Sites list at

http://FusEdWeb.llnl.gov/





Final 

From an interview with Stephen Hawking
Time, November 15, 2010

Which scientific discovery or advance would 
you like to see in your lifetime?

I would like nuclear fusion to become a practical 
power source.  It would provide an inexhaustible 
supply of energy, without pollution or global 
warming.
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