Chemistry - Fusion and Fission
Week 04/27/20
Reading:
● Annotate the article: Closing in on fusion energy.
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
Activity:
● Create a Comic Strip about fusion and element formation
○ Fusion Comic Strip
Writing:
● Read the article: Nuclear power as an energy source has its pros and cons.
○ Answer the writing prompt at the end of the article.

Química - Fusión y Fisión
Semana de 04/27/20
Lectura:
● Anotar el artículo: Closing in on fusion energy.
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
Actividad:
● Cree una tira cómica sobre fusión y formación de elementos
○ Fusion Comic Strip
Escritura:
● Lea el artículo: Nuclear power as an energy source has its pros and cons.
○ Responda la pregunta al fin del artículo.

PHYSICS

Closing in on fusion energy
With 192 laser beams and a tiny amount of hydrogen, scientists take one step closer to harnessing a
powerful energy source

This photo shows workers performing maintenance on the target chamber at the National Ignition Facility.
The pencil-shaped feature on the right will hold a capsule containing hydrogen while laser beams fire at it
from all directions.
LAWRENCE LIVERMORE NATIONAL LABORATORY

By Stephen Ornes
February 17, 2014 at 9:00 am

Last September, scientists fired 192 laser beams all at once at a pebble-sized plastic capsule.
Inside the capsule: a layer of frozen hydrogen. The brief blast lasted only 160 trillionths of a
second. Still, it was powerful enough to set off a flurry of reactions in which the cores, or nuclei,
of hydrogen atoms fused together. This nuclear fusion released enough energy to also cause
other nearby nuclei to fuse. Those fused nuclei released enough energy to keep the reaction
going — if only briefly.

Nuclear fusion is the reaction that powers the sun and other stars. Scientists have dreamed of
a day when controlled fusion reactions might unleash huge amounts of energy here on Earth,
too. But that hasn’t happened yet. Researchers still need to figure out how to get a fusion
reaction to release more energy than it needs to get started. And once those reactions start,
they need to keep going — on their own — until engineers choose to turn them off.
For that to happen, scientists must create a chain of ongoing reactions in the hydrogen. That
step is called ignition. Although the new experiment didn’t achieve ignition, it did provoke a
very excited reaction among scientists. They hailed it as a modest milestone on the road to
harnessing nuclear fusion. Indeed, the new test produced almost 10 times as much energy as
previous fusion trials that had been triggered by lasers.
The researchers conducted the experiment at the National Ignition Facility (NIF) in Livermore,
Calif. Their new results appear in the Feb. 12 Nature.
“It’s a very important milestone,” Steven Rose told Science News. “However,” he adds, “there are
many other milestones to pass.” A physicist at Imperial College London, Rose did not work on
the study.

The goal
Nuclear fusion occurs only at extremely high temperatures and pressures. During this process,
the cores of two atoms join together to form a new and bigger element, at least briefly. Usually,
these atoms must have very light nuclei. Hydrogen is the lightest of all: Its nucleus normally
contains only one particle: a proton. The experiment in Livermore, however, used heavier
isotopes of hydrogen. That means the nucleus of each atom contained an extra particle
(neutron) or two. When two heavy-hydrogen atoms fuse, they form a single helium nucleus.
The process also sheds a neutron — and lots of energy.
In stars, the reaction between hydrogen nuclei releases enough energy to trigger other nuclei
to fuse. That, in turn, sheds even more energy. And this triggers still more fusion reactions. The
process continues until the stars begin to run short on fuel.
Scientists want to create that same reaction in the laboratory, but on a much smaller scale.
Once started, the chain reaction should continue to release heat for generating electricity —

until engineers turn a fusion reactor off. What makes the process so attractive is its hydrogen
fuel is so plentiful. If scientists succeeded in igniting self-sustaining — and controlled —
nuclear fusion, Earth should possess an almost limitless source of energy.
The hitch: Achieving ignition is extremely difficult. In 2009, NIF scientists predicted that if lasers
could squash the frozen hydrogen to one thirty-fifth of its original size, the fuel’s temperature
would soar to 50 million degrees Celsius (90 million degrees Fahrenheit). Under those
conditions, fusion should begin — and, eventually, produce more energy than the lasers had
delivered to get the whole process started.
“A lot of people thought this would be a walk in the park,” Robert McCrory recalls. A physicist at
the University of Rochester in New York, he often works on NIF projects.
NIF hasn’t reached ignition, however. The experts don’t know why, but hydrogen doesn’t easily
compress. Instead, the capsules of this fuel often warp into bulbous shapes. They then tear
apart before much fusion takes place.

The challenge
“Mother Nature doesn’t like putting a lot of energy into small volumes,” notes physicist Omar
Hurricane, “so she fights you on it.” He worked on the new study at the Lawrence Livermore
National Laboratory, where NIF is based.
In the new laser-fusion tests, the plastic shell with hydrogen inside was sealed inside a small
gold cylinder, called a hohlraum. Lasers blasted it with 1.8 million joules of energy. Only about
half of one percent — some 11,000 joules — made it to the hydrogen. The remaining energy
was lost. Still, enough energy reached the fuel to start fusing hydrogen.
The experiment produced about 5,100 trillion fusion reactions. Together, they released 14,000
joules of energy. That is more energy than reached the hydrogen pellet. The rub: It’s also far,
far less energy than what the lasers originally shot at the target.
For comparison, imagine a candy store in another city offered $1.27 worth of candy for $1. But
to get to the candy store, you first had to buy a $162.64 bus ticket. So you could end up with 27
cents’ worth of free candy — but only after spending $163.64 in total. That is a lot more than

$1. Clearly, that would not make sense to do. Similarly, triggering fusion power with lasers is
not yet affordable. But scientists are convinced that with much work, it will be.
For now, they’re looking for a way to spend less energy on the setup. And the new experiment
suggests they’re on the right track.
That’s why, Hurricane explains, after hearing about this latest experiment, “A lot of people are
jazzed.”

Power Words
atom The basic unit of a chemical element.
bulbous Having a bulb-like shape.
hohlraum A German term meaning empty cavity. In the fusion experiments, it was the name
given to a small gold cylinder used as the target.
hydrogen The lightest element in the universe. As a gas, it is colorless, odorless and highly
flammable. It’s an integral part of many fuels, fats and chemicals that make up living tissues.
ignition (in chemistry) The act of igniting a fuel in combustion, such as natural gas or
gasoline. (in physics) The act of launching a self-sustaining nuclear fusion reaction, one that
keeps releasing energy until engineers choose to shut the process down.
isotopes Different forms of an element that vary somewhat in weight (and potentially in
lifetime) based on having a different number of neutrons in their nucleus.
joule The amount of energy needed to produce one watt for one second. Joule is a standard
unit of energy.
laser A device that generates an intense beam of coherent light of a single color. Lasers are
used in drilling and cutting, alignment and guidance, and in surgery.

milestone An important step on the road to stated goal or achievement. The term gets its
name from the stone markers that communities used to erect along the side of the road to
inform travelers how far they still had to go (in miles) before reaching a town.
neutron A subatomic particle carrying no electric charge that is one of the basic pieces of
matter. Neutrons belong to the family of particles known as hadrons.
nuclear fusion The process of forcing together the nuclei of atoms.
nucleus (plural: nuclei) In physics, the central core of an atom, containing most of its mass. In
biology, the core of a cell, containing all or most of its DNA.
physics The scientific study of the nature and properties of matter and energy. Classical
physics is an explanation of the nature and properties of matter and energy that relies on
descriptions such as Newton’s laws of motion. It’s an alternative to quantum physics in
explaining the motions and behavior of matter. A scientist who works in that field is known as a
physicist.
proton A subatomic particle that is one of the basic pieces of matter. Protons belong to the
family of particles known as hadrons.
warp A change in the shape, usually due to some twisting or curving in a normally flat surface
or plane. A piece of wet lumber may warp as it dries unevenly, causing it to bow or show a
slight twist.
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The sun, an engine of nuclear energy
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This image shows a view of all that remains of the oldest documented example of a supernova, called RCW 86. A supernova is one of the
most dramatic events in the universe. All of the elements in the universe are created in supernova explosions. Photo by: NASA

The sun generates a lot of power (400 billion megawatts to be precise). It has done so for five
billion years. Nuclear fusion – combining lighter atoms to make heavier ones – is what makes it
possible.
Remarkably, the engines of the mightiest stars are made out of simple, common elements. At the
hearts of stars are billions of tiny atoms. When they smash into each other at high speed, their
centers, called nuclei, can join together. When two atoms become one (when they "fuse,") a new
element is formed. At the same time, an enormous amount of energy is released. This process,
called nuclear fusion, is the energy source of stars.
The nuclei of atoms are simple, consisting of only two types of particles: protons and neutrons.
The number of protons determines the type of atom. That's what distinguishes helium, carbon and
sulfur. Neutrons hold the positively charged protons together, like glue. Without neutrons, the
protons would fly apart since they share the same charge. When two atoms fuse, they combine
their protons, making a new, heavier element. Thus, heavier elements like neon can be made out
of smaller ones like helium.
This article is available at 5 reading levels at https://newsela.com.

How much energy does nuclear fusion produce? Nuclear fusion can produce so much energy that
it is hard for us to even imagine. Here's an example: suppose you have a gallon of water and you
take out all of its hydrogen and then fuse the hydrogen atoms together until you've turned it all
into into helium. Along the way, you would have created enough energy to power New York City
for three days.
Now imagine if you had an entire star's worth of hydrogen.
Two Key Parts Make Up Nuclear Fusion

There are two key ingredients for nuclear fusion: heat and density. The sun's center is extremely
hot, about 10 million degrees Celsius, or about 18 million degrees Farenheit. At that temperature,
protons are moving so quickly that they do not repel. The particles move extremely quickly, which
sets them up for collisions that result in nuclear fusion.
In this frenzy, groups of hydrogen atoms are constantly fusing together to become helium. Every
fusion creates more heat, which creates more fusion. It is a reaction so powerful it has continued
for billions of years.
The reaction releases gamma rays, which follow a tortuous path higher and higher through the star
until they eventually emerge from the surface, millions of years later, in the form of visible light.
Stars cannot live forever, though, as eventually their hydrogen runs out. This means the end of the
line for small stars, who quietly fade into darkness after they have used up their hydrogen.
The Cycle Of Stars

A more massive star, like our sun, has other options. As the hydrogen fuel runs out, the core
shrinks and heats up, which releases more energy. The star balloons into a "red giant," and if it
gets hot enough, the helium at its center can start to fuse. This can create heavier elements like
carbon, oxygen and neon.
The star then cycles, growing and then shrinking and then growing again. Each time it heats back
up, another round of fusion takes place. How many times a star goes through this cycle depends
on how big it is.
Most stars, like our sun, stop burning after they
produce carbon, oxygen, and neon. Stars that are a
couple of times bigger than the sun can keep going.
They get so hot that carbon and oxygen can start
fusing to form even heavier elements: sodium,
magnesium, silicon, phosphorous and sulfur.
Beyond this, the biggest stars can heat their cores to
several billion degrees. Here, a complex chain of
fusion can form metals like nickel and iron, but only a
few stars get this far. It would takes a star eight times
bigger than the sun to form iron.
Growing Into A Supernova

This article is available at 5 reading levels at https://newsela.com.

For the biggest stars, the next stage is called a supernova. All the gas that makes up a star comes
crashing down to its center. The resulting collision causes a supernova - a massive explosion that
is one of the most dramatic events in the universe.
Here, in the fires of a supernova, the rest of the elements in the universe are created. All the gold
in the world can only have come from one place: a nearby supernova. It was likely that very
supernova that ended one star's life and triggered the formation of our solar system five billion
years ago.
It is a remarkable fact that the largest of stars are
fueled by the smallest of things. All the light and
energy in our universe is the result of atoms being
built in the cores of stars. The energy released every
time two particles fuse together, combined with
trillions of other ongoing reactions, is enough to
power a single star for billions of years.
Every time a star dies, meanwhile, those new atoms
are released into space, seeding the next generation of
stars. Everything that we are is the result of nuclear
fusion in the heart of a star. As the famous
astronomer Carl Sagan once famously said, we truly
are star stuff.

Directions: Based on this article, create a comic strip that explains the process
of fusion and how various elements are created throughout the life cycle of a star.
(Comic Pages Attached)

This article is available at 5 reading levels at https://newsela.com.
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Nuclear power as an energy source has its pros
and cons
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About 450 nuclear reactors, including this one in Germany, provide about 11 percent of the world's electricity. Photo by: RelaxFoto.de/Getty
Images

Nuclear power is generated by splitting atoms. These are the tiny particles that are the building
blocks of all matter. All atoms have a central core called a nucleus that consists of protons and
neutrons. Splitting atoms releases the energy held in the nucleus. This process, called nuclear
fission, generates heat that is then directed to a cooling agent, which is usually water. This creates
steam. The steam spins a turbine connected to a generator, producing electricity.
About 450 nuclear reactors provide about 11 percent of the planet's electricity. The countries that
generate the most nuclear power are the United States, France, China, Russia, and South Korea.
The Role Of Uranium In A Nuclear Reaction

Nuclear fuel is the fuel that is used in a reactor to help sustain a nuclear reaction. The most
common fuel for nuclear power is an element called uranium. This is used as fuel in nuclear
reactors because its atoms can be split apart easily. Uranium is an abundant metal found
throughout the world. It can be mined and processed into a version known as U-235.
This article is available at 5 reading levels at https://newsela.com.

During a nuclear reaction, neutrons, which are subatomic particles that have no electric charge,
collide with atoms and cause them to split. That nuclear fission releases more neutrons that react
with more atoms, creating a chain reaction. During the reaction, a byproduct called plutonium is
produced. Plutonium is a radioactive chemical element that can also be used as nuclear fuel.
Two types of nuclear reactors are commonly used in the United States: boiling water reactors and
pressurized water reactors. Both types of reactors produce steam. In boiling water reactors, the
water is heated to the boiling point to release steam. In pressurized water reactors, pressurized
water does not boil, but funnels heat to a secondary water supply for steam generation. Other
types of nuclear power reactors include gas-cooled reactors and fast neutron reactors. Gas-cooled
reactors use carbon dioxide as the cooling agent. These are used often in the U.K. Fast neutron
reactors are cooled by liquid sodium.
Competing With Wind And Solar Energy

The idea of nuclear power began in the 1930s, when physicist Enrico Fermi first showed that
neutrons could split atoms. Fermi led a team that achieved the first nuclear chain reaction, under a
stadium at the University of Chicago, in 1942. The first electricity from atomic energy was
produced at Idaho's Experimental Breeder Reactor I in 1951. The first nuclear power plant was
built in the city of Obninsk, part of the former Soviet Union, in 1954. The first commercial nuclear
power plant was built in Shippingport, Pennsylvania in 1957.
Nuclear power isn't considered renewable energy because it is dependent on uranium. This
element is a mined, limited resource. However, operating reactors do not release any of the
greenhouse gases that contribute to global warming. This is why supporters say it should be
considered a climate change solution. Leslie Dewan is an engineer who works with National
Geographic. She wants to bring back the molten salt reactor. This type of reactor uses liquid
uranium dissolved in molten salt as fuel. Dewan argues molten salt reactors could be safer and less
costly than reactors in use today.
Other people are working on smaller reactors that could be portable and easier to build.
Inventions like those are aimed at saving the nuclear power industry, which is in trouble. The
nuclear plants in operation today are getting older. New ones are more expensive than other
energy options, like natural gas and renewable resources such as wind and solar.
The best bet for the future of nuclear power involves nuclear fusion. While nuclear fission splits
the nucleus, nuclear fusion does the opposite. Nuclear fusion generates energy when two light
nuclei smash together to form a single, heavier nucleus. Fusion could deliver more energy more
safely and with far less harmful radioactive waste than fission. However, only a small number of
people have managed to build working nuclear fusion reactors. One of those people is a 14-yearold from Arkansas. Organizations such as ITER in France and Max Planck Institute of Plasma
Physics in Germany are working on commercially affordable versions. So far, however, that goal
has been difficult to achieve.
Nuclear Power Not The Safest Option

When arguing against nuclear power, opponents often point to two problems. The first is longlived nuclear waste, and the second is rare but devastating nuclear accidents. Two such accidents
were Chernobyl in 1986 and Fukushima Daiichi in 2011. The deadly Chernobyl disaster occurred
This article is available at 5 reading levels at https://newsela.com.

in Ukraine, a country in eastern Europe. The accident happened when flawed reactor design and
human error caused a power surge and explosion at one of the reactors. A large amount of
radioactivity was released into the air, and hundreds of thousands of people were forced from their
homes. Today, the area surrounding the plant, which is known as the Exclusion Zone, is open to
tourists. However, it is only inhabited by various wildlife species such as gray wolves.
In the case of Japan's Fukushima Daiichi, the Tohoku earthquake and tsunami caused the
accident. The surrounding towns still have not recovered. Evacuees remain afraid to return and
public mistrust has slowed the recovery effort.
There was also a partial meltdown at Pennsylvania's Three Mile Island in 1979. These accidents
remain terrifying examples of nuclear power's radioactive risks. The Fukushima disaster in
particular raised questions about the safety of power plants in earthquake zones. One such
questionably-placed reactor is the Metsamor power station in Armenia, a small country in eastern
Europe.
Another issue related to nuclear power is where and how to store the spent fuel, or nuclear waste.
This waste remains dangerously radioactive for thousands of years. Many nuclear power plants are
located on or near coasts because of the closeness to water for cooling. However, this means they
must face rising sea levels and extreme storms due to climate change.

Writing Prompt: Explain the difference between fusion and fission. Based on the
information provided in this article, do you feel that nuclear power is a valuable
energy resource? Please explain. What alternatives do you suggest instead of
nuclear energy? Why do you suggest these alternatives?

This article is available at 5 reading levels at https://newsela.com.

