Physics: Formation of the Solar System
Week 05/18/20
Reading:
● Annotate the article: How Our Solar System Formed: A Close Look at the Planets Orbiting Our
Sun
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
○ Answer questions at the end of the article
Activity:
● Create a documentary storyboard about the formation of the Earth
○ Formation of the Earth storyboard activity
Writing:
● Read the article Glass beads help scientists puzzle out how baby planets grow
○ Answer the writing prompt at the end of the article.

Física: Formación del Sistema Solar
Semana 05/18/20
Lectura:
● Anote el artículo: How Our Solar System Formed: A Close Look at the Planets Orbiting Our Sun
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo que usted quiera saber más
○ Conteste las preguntas al final del artículo
Actividad:
● Cree un guión gráfico documental sobre la formación de la Tierra
○ Formation of the Earth storyboard activity
Escritura de la:
● Lea el artículo Glass beads help scientists puzzle out how baby planets grow
○ Responda la pregunta al fin del artículo.

How Our Solar System Formed: A Close Look at
the Planets Orbiting Our Sun
By Cynthia Stokes Brown, Big History Project on 06.15.16
Word Count 1,721
Level MAX

TOP: Illustration of a fledging solar system by NASA. MIDDLE TOP: A size comparison of the planets. MIDDLE BOTTOM: Illustration of an
accretion disk. BOTTOM: Proplyds in the Orion Nebula. Images: Big History Project

Planets are born from the clouds of gas and dust that orbit new stars. Billions of years ago,
circumstances were just right for Earth and the other planets in our Solar System to form.
The Solar System that we live in consists of a medium-size star (the Sun) with eight planets
orbiting it. The planets are of two different types. The four inner planets, those closest to the Sun,
are Mercury, Venus, Earth, and Mars. They are smaller and composed mainly of metals and rocks.
The four outer planets — Jupiter, Saturn, Uranus, and Neptune — are larger and composed mostly
of gases.
What are planets? Where did they come from? Why would some be rocky and some gaseous?
What is our planet like? This essay will try to answer these questions.
The birth of the Sun

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

Let's quickly review how our star came into being. Five billion years ago, a giant cloud floated in
one of the spiral arms of the Milky Way galaxy. This cloud, called a nebula by astronomers, was
made up of dust and gas, mostly hydrogen and helium, with a small percentage of heavier atoms.
These heavier atoms had been formed earlier in the history of the Universe when other stars aged
and died.
This cloud/nebula began to contract, collapsing in on itself. The atoms, once separated, began to
jostle each other, generating heat. In the rising heat, the atoms collided more frequently and more
violently. Eventually, they reached a temperature at which the protons at the centers of the atoms
began to fuse, in a process called nuclear fusion. As they did, a tiny bit of matter transformed into
a whole lot of energy, and a star was born. In this way, our Sun came into being.
The birth of the planets

The material in the nebula not absorbed into the Sun swirled around it into a flat disk of dust and
gas, held in orbit by the Sun's gravity. This disk is called an accretion disk. Material in the disk
accumulated by further accretion — from sticking together.
Each planet began as microscopic grains of dust in the
accretion disk. The atoms and molecules began to
stick together, or accrete, into larger particles. By
gentle collisions, some grains built up into balls and
then into objects a mile in diameter, called
planetesimals. These objects were big enough to
attract others by gravity rather than by chance.
If the collisions of planetesimals occurred at high
speeds, they could shatter the objects. But when
impacts were gentle enough, the objects combined
and grew. For some 10 to 100 million years these
protoplanets orbited the Sun, some in egg-shaped
circuits that resulted in more frequent collisions.
Worlds collided, combined, and evolved for a
dramatic period of time. When it was over, there
remained eight stable planets that had swept their orbits clean. A planet is defined as a body that
orbits the Sun, is massive enough for its own gravity to make it spherical, and has cleaned its
neighborhood of smaller objects.
In 2007, researchers at the University of California–Davis determined that our Solar System was
fully formed at 4.568 billion years ago. They did this by determining the age of stony materials
from the asteroid belt.
The Sun sent out energy and particles in a steady stream, called stellar winds. These winds proved
so strong that they blew off the gases of the four planets closest to the Sun, leaving them smaller,
with only their rocks and metals intact. That's why they are called rocky, or terrestrial, planets. The
four outer planets were so far from the Sun that its winds could not blow away their ice and gases.
They remained gaseous, with only a small rocky core. They were made of more gas (namely
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hydrogen and helium) than the others to begin with,
the Sun's gravity having pulled closer the heavier
materials in the original solar disk.
Between the inner and outer planets lies an area filled
with millions of asteroids — small rocky, icy, and
metallic bodies left over from the formation of the
Solar System. No planet formed in this area.
Astronomers theorize that Jupiter's gravity influenced
this region so much that no large planet could take
shape. Jupiter is 11 times the size (in diameter) of
Earth and more than twice as big as all the other
planets combined. It is almost large enough to have
become a star.
Of the four rocky planets, Mercury is the smallest, about two-fifths the size of Earth. Earth and
Venus are almost the same size, while Mars is about half their size. Astronomers speculate that a
smaller object must have hit Mercury, vaporizing its crust and leaving only the larger-than-usual
iron core.
Conditions on Earth

When the rocky planets first formed, they were largely melted (molten) rock. Over hundreds of
millions of years, they slowly cooled. Eventually, Mercury and Mars, because they are small,
solidified and became rigid all the way to their centers.
Only on Earth, and possibly on Venus, have conditions remained in an in-between state. Earth has
stayed partially molten. Its crust is solid rock, and its mantle is rigid in short-term time. But over
geologic time, the mantle flows slowly. And the center of Earth consists of a solid iron core rotating
in hot liquid called magma.
Some scientists and Big Historians use the term "Goldilocks Conditions" to describe conditions on
Earth. This comes from an Anglo-Saxon children's story, "Goldilocks and the Three Bears." In the
story, a young girl named Goldilocks wanders into the home of three bears, who are away. She
tries out their porridge, their chairs, and their beds, finding some too hot or too cold, too hard or
too soft, too large or too small, but one of each just right. Likewise, Earth is not too hot or too cold,
not too big or too little, not too near the Sun or too far away, but just right for life to flourish.
Earth's Moon

The rocky object nearest to us is the Moon. Where did it come from? Good question. The Moon
orbits Earth, not the Sun, so it is not a planet. The Moon is about one-fourth the size of Earth. The
origin of the Moon remains mysterious, but since astronauts walked on the Moon in 1969 and
brought back rock and soil samples, we know more about it now than before.
The standard argument today holds that a small contending planet, about one-tenth the size of
Earth, must have collided with Earth about 4.45 billion years ago. Earth was still red-hot beneath a
possible thin new crust. Some of the material from the impact was absorbed into the liquefied
Earth but some material ricocheted into space, where it settled into orbit and condensed as the
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Moon. At first, the Moon orbited much closer to Earth. It is still moving away at a rate of almost
two inches (four centimeters) per year.
The Moon significantly affects conditions on Earth. The impact that produced the Moon tilted
Earth on its axis. This causes Earth's seasonal variations in temperature, since the side tilted
toward the Sun for one-half the year's journey around the Sun receives more direct sunlight. Also,
the Moon's gravity causes the oceans' tides, reduces the Earth's wobble (which helps stabilize
climate), and slows the spin of the Earth. The Earth used to complete a rotation on its axis in 12
hours, but now it takes 24.
Pluto and beyond

Before 2006, students learned that our Solar System had nine planets, not eight. The one counted
as the ninth, Pluto, orbits out beyond Neptune. However, in 2006, the International Astronomical
Union declared that Pluto does not count as a planet. It is smaller than Earth's Moon. It orbits way
out in a belt of asteroids beyond Neptune, and does not have enough gravity to clear the
neighborhood around its path. Therefore, it was downgraded to a "dwarf planet," or a
planetesimal.
Astronomers feel confident that our Solar System
formed by accretion because now they are able to
glimpse a similar process occurring in part of the
Orion Nebula. This planet-forming area is on the near
side of a giant cloud complex that embraces much of
the constellation Orion, 1,500 light-years from Earth.
Since 1993, astronomers have discovered several
hundred stars there in the process of formation, most
of them surrounded by rings of dust in accretion
disks, just like the one they believe produced the solar
planets. These clouds of dust and gas around new
stars in the Orion Nebula may develop into planetary
systems similar to our own.
In 1995, astronomers in Switzerland found, for the first time, a planet beyond our Solar System
orbiting an ordinary star. Such a planet is called an extrasolar planet, or an exoplanet. As of June
2012, more than 700 exoplanets had been discovered and confirmed. Most of them are giants,
closer in size to Jupiter, as larger planets have proved easier to detect hundreds of light-years
away. Most are detected not by direct imaging, but indirectly by measuring the effect of their
gravity on their parent star or by observing how the light of the parent star dims as the planet
passes in front of it.
In 2009, the National Aeronautics and Space Administration (NASA) sent a telescope into orbit
around the Sun to hunt for habitable exoplanets in the region near the constellations Cygnus and
Lyra. This telescope (actually a photometer), the centerpiece of what's known as the Kepler
mission, will monitor 100,000 stars a few hundred to a few thousand light-years away. (One lightyear equals 6 trillion miles.) The mission will last three and a half to six years; in the first two
years, it has found 17 planets with conditions thought to allow for the development of life.
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In summary, planets are bodies orbiting a star. Planets form from particles in a disk of gas and
dust, colliding and sticking together as they orbit the star. The planets nearest to the star tend to
be rockier because the star's wind blows away their gases and because they are made of heavier
materials attracted by the star's gravity. In the Sun's system, Earth is one of four rocky planets, but
a unique one, with rigid and molten layers.
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Quiz
1

2

3

Which detail would be LEAST important to include in a summary of the article?
(A)

The Moon significantly affects conditions on Earth. The impact that produced the Moon tilted Earth on its
axis.

(B)

Astronomers feel confident that our Solar System formed by accretion because now they are able to
glimpse a similar process occurring in part of the Orion Nebula.

(C)

Most are detected not by direct imaging, but indirectly by measuring the effect of their gravity on their
parent star or by observing how the light of the parent star dims as the planet passes in front of it.

(D)

The planets nearest to the star tend to be rockier because the star’s wind blows away their gases and
because they are made of heavier materials attracted by the star’s gravity.

Which of the following contains TWO central ideas of the article?
(A)

The Sun is a medium-sized star that planets orbit in the center of the Solar System; before 2006,
students learned that our Solar System had nine planets, not eight.

(B)

Earth and Venus are almost the same size, while Mars is about half their size; the center of Earth
consists of a solid iron core rotating in hot liquid called magma.

(C)

Planets form from particles in a disk of gas and dust, colliding and sticking together as they orbit the
star; Earth is not too hot or too cold, not too big or too little, not too near the Sun or too far away, but just
right for life to flourish.

(D)

Some scientists and Big Historians use the term “Goldilocks Conditions” to describe conditions on
Earth; between the inner and outer planets lies an area filled with millions of asteroids — small rocky,
icy, and metallic bodies left over from the formation of the Solar System.

Read the following sentence from the section "Pluto and beyond."

The one counted as the ninth, Pluto, orbits out beyond Neptune. However, in 2006, the
International Astronomical Union declared that Pluto does not count as a planet. It is smaller than
Earth’s Moon. It orbits way out in a belt of asteroids beyond Neptune, and does not have enough
gravity to clear the neighborhood around its path. Therefore, it was downgraded to a “dwarf
planet,” or a planetesimal.
Which of the following BEST conveys what the author means by "downgraded"?

4

(A)

classified

(B)

reassigned

(C)

described as

(D)

lowered in rank

Read the sentence from the section "The birth of the planets."

Astronomers speculate that a smaller object must have hit Mercury, vaporizing its crust and
leaving only the larger-than-usual iron core.
Which phrase from the text MOST helps to explain what "vaporizing" means?
(A)

astronomers speculate

(B)

a smaller object

(C)

leaving only

(D)

iron core
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Answer Key
1

2

3

Which detail would be LEAST important to include in a summary of the article?
(A)

The Moon significantly affects conditions on Earth. The impact that produced the Moon tilted Earth on its
axis.

(B)

Astronomers feel confident that our Solar System formed by accretion because now they are able to
glimpse a similar process occurring in part of the Orion Nebula.

(C)

Most are detected not by direct imaging, but indirectly by measuring the effect of their gravity on
their parent star or by observing how the light of the parent star dims as the planet passes in
front of it.

(D)

The planets nearest to the star tend to be rockier because the star’s wind blows away their gases and
because they are made of heavier materials attracted by the star’s gravity.

Which of the following contains TWO central ideas of the article?
(A)

The Sun is a medium-sized star that planets orbit in the center of the Solar System; before 2006,
students learned that our Solar System had nine planets, not eight.

(B)

Earth and Venus are almost the same size, while Mars is about half their size; the center of Earth
consists of a solid iron core rotating in hot liquid called magma.

(C)

Planets form from particles in a disk of gas and dust, colliding and sticking together as they
orbit the star; Earth is not too hot or too cold, not too big or too little, not too near the Sun or too
far away, but just right for life to flourish.

(D)

Some scientists and Big Historians use the term “Goldilocks Conditions” to describe conditions on
Earth; between the inner and outer planets lies an area filled with millions of asteroids — small rocky,
icy, and metallic bodies left over from the formation of the Solar System.

Read the following sentence from the section "Pluto and beyond."

The one counted as the ninth, Pluto, orbits out beyond Neptune. However, in 2006, the
International Astronomical Union declared that Pluto does not count as a planet. It is smaller than
Earth’s Moon. It orbits way out in a belt of asteroids beyond Neptune, and does not have enough
gravity to clear the neighborhood around its path. Therefore, it was downgraded to a “dwarf
planet,” or a planetesimal.
Which of the following BEST conveys what the author means by "downgraded"?

4

(A)

classified

(B)

reassigned

(C)

described as

(D)

lowered in rank

Read the sentence from the section "The birth of the planets."

Astronomers speculate that a smaller object must have hit Mercury, vaporizing its crust and
leaving only the larger-than-usual iron core.
Which phrase from the text MOST helps to explain what "vaporizing" means?
(A)

astronomers speculate

(B)

a smaller object

(C)

leaving only

(D)

iron core
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How was the Earth formed?
by Matt Williams, Universe Today

Earth view from Apollo 11. Credit: NASA

Just how did the Earth—our home and the place where life as we know it evolved—come to be
created in the first place? In some fiery furnace atop a great mountain? On some divine forge with
the hammer of the gods shaping it out of pure ether? How about from a great ocean known as
Chaos, where something was created out of nothing and then filled with all living creatures?
If any of those accounts sound familiar, they are some of the ancient legends that have been
handed down through the years that attempt to describe how our world came to be. And
interestingly enough, some of these ancient creation stories contain an element of scientific fact to
them.
When it comes to how the Earth was formed, forces that can only be described as fiery, chaotic,
and indeed godlike, were involved. However, in the past few centuries, research and refinements
made in what is today known as Earth Sciences have allowed scientists to assemble a more
empirical and scientific understanding of how our world was formed.

Basically, scientists have ascertained that several billion years ago our Solar System was nothing
but a cloud of cold dust particles swirling through empty space. This cloud of gas and dust was
disturbed, perhaps by the explosion of a nearby star (a supernova), and the cloud of gas and dust
started to collapse as gravity pulled everything together, forming a solar nebula—a huge spinning
disk. As it spun, the disk separated into rings and the furious motion made the particles white-hot.
The center of the disk accreted to become the Sun, and the particles in the outer rings turned into
large fiery balls of gas and molten-liquid that cooled and condensed to take on solid form. About
4.5 billion years ago, they began to turn into the planets that we know today as Earth, Mars, Venus,
Mercury, and the outer planets.
The first era in which the Earth existed is what is known as the Hadean Eon. This name comes
from the Greek word "Hades" (underworld), which refers to the condition of the planet at the time.
This consisted of the Earth's surface being under a continuous bombardment by meteorites and
intense volcanism, which is believed to have been severe due to the large heat flow and
geothermal gradient dated to this era.

How Old is the Earth?

Outgassing and volcanic activity produced the primordial atmosphere, and evidence exists that
liquid water existed at this time, despite the conditions on the surface. Condensing water vapor,
augmented by ice delivered by comets, accumulated in the atmosphere and cooled the molten
exterior of the planet to form a solid crust and produced the oceans.
It was also during this eon – roughly 4.48 billion years ago (or 70–110 million years after the start of
the Solar System) – that the Earth's only satellite, the Moon, was formed. The most common

theory, known as the "giant impact hypothesis" proposes that the Moon originated after a body the
size of Mars (sometimes named Theia) struck the proto-Earth a glancing blow.
The collision was enough to vaporize some of the Earth's outer layers and melt both bodies, and a
portion of the mantle material was ejected into orbit around the Earth. The ejecta in orbit around the
Earth condensed, and under the influence of its own gravity, became a more spherical body: the
Moon.
The Hadean Eon ended roughly 3.8 billion years ago with the onset of the Archean age. Much like
the Hadean, this eon takes it name from a ancient Greek word, which in this case means
"beginning" or "origin." This refers to the fact that it was during this period that the Earth had cooled
significantly and life forms began to evolve.
Most life forms today could not have survived in the Archean atmosphere, which lacked oxygen
and an ozone layer. Nevertheless, it is widely understood that it was during this time that most
primordial life began to take form, though some scientists argue that many lifeforms may have
occurred even sooner during the late Hadean.

It is believed that 4.4 billion years ago, a celestial body (Theia) slammed into Earth and produced the Moon. Credit:
NASA/JPL-Caltech

At the beginning of this Eon, the mantle was much hotter than it is today, possibly as high as 1600
°C (2900 °F). As a result, the planet was much more geologically active, processes like convection
and plate tectonics occurred much faster, and subduction zones were more common.
Nevertheless, the presence of sedimentary rock date to this period indicates an abundance of
rivers and oceans.

The first larger pieces of continental crust are also dated to the late Hadean/early Achean Eons.
What is left of these first small continents are called cratons, and these pieces of crust form the
cores around which today's continents grew. As the surface continually reshaped itself over the
course of the ensuing eons, continents formed and broke up.

The super-continent Pangea during the Permian period (300 – 250 million years ago). Credit: NAU Geology/Ron
Blakey

The continents migrated across the surface, occasionally combining to form a supercontinent.
Roughly 750 million years ago, the earliest-known supercontinent called Rodinia began to break
apart, then recombined 600 – 540 million years ago to form Pannotia, then finally Pangaea. This
latest supercontinent broke apart 180 million years ago, eventually settling on the configuration that
we know today. (See graphics from Geology.com here)
Since that time, a mere blip on the geological time scale, all the events that we consider to be
"recent history" took place. The dinosaurs ruled and then died, mammals achieved ascendancy,
hominids began to slowly evolve into the species we know as homo sapiens, and civilization
emerged. And it all began with a lot of dust, fire, and some serious impacts. From this, the Sun,
Moon, Earth, and life as we know it were all created.
Directions:
You have been assigned to create a documentary about the formation of the Earth. You must
create a storyboard for the director and executive producer. In the storyboard below, sketch
the pictures that the CGI team must create for the documentary. Under each sketching write
the lines for the narrator. Give the documentary a title and use as many frames as you need
to cover the Earth's formation in detail. Be sure to add color to your sketches.
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PLANETS

Glass beads help scientists puzzle out how baby planets grow
Their experiments suggest electric charges let space-dust grains clump into planets

Planets develop when dust particles clump together. They do this in what is known as a protoplanetary disk
(illustrated) around some young star. Electric charges may build up on the particles, causing them to clump.
L. CALÇADA/ESO

By Emily Conover
January 13, 2020 at 6:45 am

Growing up is hard to do. It’s especially hard for baby planets.
There’s an obstacle to planet-forming. Known as the bouncing barrier, it hinders the clumping
of dust needed to form planets. But giving those dust grains an electric charge would seem to
help, new lab tests show. That charge provides an extra stickiness, the scientists reported
December 9 in Nature Physics.
In the lab, the scientists vigorously shook thousands of small glass beads. Then, the team
catapulted those beads more than 100 meters (yards) skyward. It was all in an attempt to

mimic conditions in the regions where planets form.

Explainer: What is a planet?

Planets are born in pancakes of dust and gas known as
protoplanetary disks. Inside these disks, the seeds of
planets collide and stick. Over time they form larger

and larger clumps. But experiments and computer simulations have suggested that once
particles get to be about a millimeter (four hundredths of an inch) in size, the clumping stops.
Rather than sticking to each other, the mini-clumps now bounce off one another. That’s that socalled bouncing barrier. It’s an odd behavior that has foiled scientists’ attempts to simulate how
planets formed.
Yet the dust particles must have overcome the bouncing barrier. If they didn’t, the cosmos
wouldn’t be peppered with a wide variety of worlds. “We see exoplanets, so there must be a
way to get bigger particles,” says Tobias Steinpilz. He is experimental astrophysicist at the
University of Duisburg-Essen in Germany.
He and his colleagues wanted to investigate. So they set out to make analogs of planetary
seeds. Instead of dust, they used glass beads. Each bead was a bit less than half a millimeter in
diameter. The team wanted to watch them colliide. The smashups would mimic dust particles
banging together in the protoplanetary disk. But there was one catch: Earth’s gravity. “That
overpowers everything we want to see,” Steinpilz explained.

When shaken, glass beads develop electric charges — and start to clump. These images show this in a
computer simulation (top) and experiment (bottom).
T. STEINPILZ ET AL/NATURE PHYSICS 2019

So his team launched its experiment with a catapult. They did it inside the 120-meter-tall
Bremen Drop Tower in Germany. They catapulted the apparatus containing the beads upward
together with a camera and other equipment. Then, they let gravity pull it all back to Earth.
During the approximately nine-second freefall, everything was effectively weightless.
Prior to the launch, the researchers shook the beads. Their idea was to imitate the collisions
that particles in a protoplanetary disk would experience over time. That movement caused the
beads to build up electric charges. There were some negative and some positive charges.
When the beads became weightless, they clumped. Some clumps had more than a thousand

beads. The electric forces between the charged beads caused the clumping, Steinpilz’ team
determined.
The results “clearly show that [electric charges] help [dust grains] grow beyond the bouncing
barrier in lab conditions,” says Richard Booth. An astronomer at the University of Cambridge in
England, he was not involved in the tests. He notes, however, that “there is a question of trying
to extrapolate these lab conditions to what we see in protoplanetary disks.” For instance, the
disks consist of rock dust, not glass beads.
Steinpilz’s team considered that. It also performed shaking experiments — but not the
catapulting ones — using spheres of basalt. That’s a type of volcanic rock. The basalt spheres
are more like what the dust grains would be in a true protoplanetary disk. The bits of basalt
charged up even more than the glass beads had, the team found. That suggests the clumping
effect might be even stronger in protoplanetary disks.
There are other barriers for developing planets, though. High-speed particles are one example.
They can collide and break larger clumps apart.
Clearly, growing up takes a lot of grit.
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Writing Prompt: What is the bouncing barrier? How is the experiment in this article related to the
bouncing barrier? Describe the experiment that the team carried out. Do you think their experiment
was accurate in representing dust particles in space? Explain.

