
1. Research and discuss how stars are formed. How do stars evolve? Research the origin of the elements in stars and learn how astronomers decode
    the periodic table in the stars. What different instruments and methods do astronomers use to study stars? 
2. Experts believe that profitable, economical commercial fusion plants could be in use as early as 2050. What do scientists and engineers believe
    to be the major obstacles?
3. Have students research mapping magnetic fields around such things as a bar magnet, a horseshoe magnet, and a speaker magnet. Each magnet
    can be covered with a sheet of clear plastic, and then iron filings can be sprinkled over the plastic to reveal the shape of the magnetic field.
4. The nuclear equation for the fusion of deuterium (Hydrogen 2) and tritium (Hydrogen 3) is shown below. This produces Helium, and releases a
    neutron, as well as 17.6 MeV (Mega electron-volts) of energy.
 2H + 3H à 4He + n + 17.6 MeV
    How much energy would be released using a mole of deuterium and tritium?

CRITICAL THINKING EXERCISES 

Grades 9 - 12
Earth & Space Science
Geochemical cycles

Grades 9 - 12
History & Nature of Science
Science as a Human Endeavor
Nature of Scientific Knowledge
Historical Perspectives 

Grades 9 - 12
Physical Science
Structure of Atoms
Structure and Properties of Matter
Chemical reactions

NEXT GENERATION SCIENCE STANDARDS: www.nextgenscience.org

HS-ESS1-1 Earth's Place in the Universe; ESS1.A: The Universe and Its 
Stars: The star called the sun is changing and will burn out over a 
lifespan of approximately 10 billion years.

PS3.D: Energy in Chemical Processes and Everyday Life: Nuclear Fusion 
processes in the center of the sun release the energy that ultimately 
reaches Earth as radiation.

HS.Structure and Properties of Matter; PS1.C: Nuclear Processes: 
Nuclear processes, including fusion, fission, and radioactive decays of 
unstable nuclei, involve release or absorption of energy. The total 
number of neutrons plus protons does not change in any nuclear 
process.

PS2.B: Types of Interactions: Attraction and repulsion between electric 
charges at the atomic scale explain the structure, properties, and 
transformations of matter, as well as the contact forces between 
material objects.

NEXT GENERATION SCIENCE STANDARDS & NATIONAL SCIENCE EDUCATION STANDARDS 

Ŷ  CHEMICAL ENGINEER
Ŷ  CHEMIST
Ŷ��ENGINEER
Ŷ��PHYSICIST

CAREER POSSIBILITIES
Ŷ  CHEMISTRY
Ŷ  ENGINEERING
Ŷ  HISTORY AND NATURE OF SCIENCE
Ŷ  PHYSICS

CURRICULUM UNITS 

Fusion is what happens when the nuclei of light atoms overcome the electrical resistance that keeps them apart and they get close 
enough to activate the strong nuclear force that holds them together, or “fuse.” When fused, they form a bigger nucleus. Two 
elements combine to create a different element at the level of the nucleus. Fusing elements requires an enormous amount of heat 
and pressure, like that found in the cores of the sun and stars. This episode of Science Screen Report examines how fusion works, 
how it is being created in the laboratory, and how it might help us in the future.
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Science Brought To Life In The Classroom Since 1970

Ŷ  Princeton Plasma Physics Laboratory: www.pppl.gov

Ŷ  Lawrence Livermore National Laboratory: www.llnl.gov/

Ŷ  National Ignition Facility (NIF): https://lasers.llnl.gov/

Ŷ  U.S. Department of Energy Fusion Energy Sciences: http://science.energy.gov/fes/research/fusion-institutions

SUGGESTED REFERENCES 

Deuterium: An isotope of hydrogen whose nucleus has one proton and one neutron and atomic mass is 2. Deuterium is used widely

as a tracer for analyzing chemical reactions, and it combines with oxygen to form heavy water.

Fusion: The joining together of atomic nuclei to form a heavier nucleus. Fusion occurs when plasmas are heated to extremely high

temperatures, forcing the nuclei to collide at great speed. The resulting unstable nucleus emits one or more neutrons at high speeds,

releasing more energy than was required to fuse the nuclei, thereby making chain-reactions possible. Fusion reactions are the source

of the energy in the Sun and in other stars, and in hydrogen bombs.

Hohlraum: A hollow, cylinder-shaped device that is used to focus and control radiation. It distributes radiation evenly within its walls

and heats a small piece of fuel at the center. It can be as small as a paper clip or pencil eraser, or may comprise the casing of a nu-

clear weapon. A hohlraum capsule can be used to simulate nuclear explosions on a miniature scale, or with lasers to produce energy

when a small sample of fuel inside, such as deuterium or tritium, is imploded. A small hole in the container can be used to measure

the escaping radiation and how it behaves at the temperatures within the interior space.

Plasma: One of four main states of matter  consisting of positively charged ions with most or all of their detached electrons moving

about freely. They are produced by extremely high temperatures, as in the Sun and other stars.

Supernovae: A massive star that has a sudden and extreme increase in brightness across the electromagnetic spectrum, followed

by a more gradual decrease lasting from several days to several months. It can occur when a supergiant star collapses suddenly at

the end of its life, condensing its core material into an highly compact mass that then undergoes a slight rebound. The resulting

shock wave sends all matter surrounding the core flying into space, leaving a neutron star or black hole. Supernovae may also occur

when a white dwarf accretes material from a companion red giant star, resulting in an increase in mass that eventually triggers car-

bon fusion in the core of the white dwarf; the sudden increase in available fuel causes energy to be released in a violent explosion.

Tokamak: A type of experimental nuclear fusion reactor in which a plasma of atoms circulates in a toroidal tube and is confined to

a narrow beam by an electromagnetic field.

VOCABULARY

Prior to viewing this video, students should have some understanding of the following Benchmarks for Science Literacy, Oxford University Press, which are excerpted and,

in some cases, abbreviated below. Refer to the Benchmarks for more information.

Benchmark 4.  The Physical Setting

Section A:  The Universe, Grades 9-12

Ŷ Stars condensed by gravity out of clouds of molecules of the lightest elements until nuclear fusion of the light elements into heavier ones began

   to occur. Fusion released great amounts of energy over millions of years.

*Benchmarks can be found at www.project2061.org/tools/benchol/bolintro.htm 

ADVANCED ORGANIZERS 

Before the sun formed approximately 5 billion years ago, there was a cloud of gas-- mostly consisting of hydrogen and

helium. Eventually, the cloud became so massive that gravity caused it to collapse on itself and it formed a star. Num-

erous collisions in the core of the sun freed electrons from ions, forming a plasma state. Fusion began in the sun when

collisions between ions became so frequent that the ions grew close enough to fuse together – thus, the sun is a nat-

ural fusion reactor. 

The process that powers the sun and the stars is called fusion. It is energy that makes all life on earth possible. This

fusion energy is produced in the sun by fusing the lightest atoms, such as hydrogen, together at extremely high pres-

sures and temperatures. At these temperatures, gas becomes plasma, the fourth state of matter - solid, liquid, and

gas being the other three.

Scientists at the Princeton Plasma Physics Laboratory, or the PPPL, involved in the National Spherical Torus Experiment,
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