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1. What is planetary defense, and why is discovering a hazardous asteroid early so impq
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e Near-Earth Objects and Planetary
Defense

o \Why Early Asteroid Detection Matters

 Momentum, Kinetic Energy, and Orbita
Motion

e The Kinetic-Impactor Method

e The Didymos and Dimorphos Asteroid
System

e NASA’'s DART Mission

Ejecta and Momentum Transfer

The European Space Agency’s Hera

Mission

o Juventas and Milani CubeSats

o Alternative Asteroid-Deflection Methods
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Your Reading

Can We Deflect an Asteroid? The DART and Hera Missions

Dimorphos was an excellent target because scientists could measure how long it took to orbit Didymos

before and after the collision. This was easier than trying to immediately measure a tiny change ina
single asteroid’s much larger orbit around the Sun.

Asteroids are rocky or metallic ebjects that orbit the Sun, Mest remain in the astercid belt between

Mars and Jupiter, but some travel through the inner Solar System. An astercid whose orbit brings it

relatively close to Earth is called a near-Earth object, or
NEO.

Meost known near-Earth asteroids do net pose a danger
to Earth. However, asteroid orbits can change slightly
because of gravity, collisions, and the uneven heating of
their surfaces by sunlight. Scientists therefore search
for NEOs, calculate their future paths, and study ways
to respond if one is ever found on a collision course
with Earth,

This work is known as planetary defense. It does not invol
defense focuses on finding potentially hazardous asteroid:
might strike Earth, and developing methods to p an

One possible solution is not to destroy an asteroid, but to
Double Asteroid Redirection Test, or DART, became the fi
of a natural object in space. The European Space Agency’s
asteroid system to examine what DART accomplished and
improved.

NASA‘s DART mission shows the impact on the |

Why Early Detection Matters

Asteroids travel at thousands of kilometres per hour. Wait
Earth would leave little time to act. The most important pi
discovering the object early.

Comprehension and Extension Questions

The DART Mission

An asteroid does not need to be pushed far away all at
once. If its speed is changed slightly many years before a
predicted collision, that small change can gradually move it
thousands of kilometres away from the impact point.
Imagine two runners travelling almest side by side. If one
runner slows slightly, the difference between their pesitions
may be small after one second. After several minutes,
hewever, the distance between them becomes much
greater. Asteroid deflection works in a similar way.

The amount and direction of the needed change depend on the asteroid’s size, speed, composition,
rotation, and orbit. Scientists must also know when and where it might cross Earth's path, A successful
planetary-defense mission would require accurate observations, careful calculations, international
cooperation, and enough warning time to launch a spacecraft,

The Kinetic-Impactor Method

One proposed deflection technique is called a kinetic impactor. A spacecraft is aimed at an asteroid
and deliberately crashes into it at high speed. The spacecraft transfers momentum to the asteroid and
changes its velocity.

Momentum is calculated using the farmula: M Jm = mass x velocity

A spacecraft has far less mass than an asteroid, but it can still carry considerable momentum if it
travels fast enough. The collision may change the asteroid’s speed by only millimetres or centimetres
per second. With enough warning time, that small change could cause the asteroid to miss Earth.

Kinetic energy also increases rapidly with speed: Kinetic energy = % x mass x velocity®

Because velocity is squared in this equation, increasing the spacecraft’s speed greatly increases the
energy of its impact.

The goal of a kinetic impactor is normally to deflect an asteroid, not destroy it. Breaking a large
asteroid into several uncontrolled pieces could create additional hazards. A controlled change to a
single object’s path would usually be easier to predict.

Choosing the Didymos System

MNASA did not test DART on an asteroid that threatened
Earth. Instead, it selected a safe binary asteroid system
called Didymos.

A binary asteroid system contains two asteroids held
together by gravity. Didymos, the larger asteroid, is
approximately 780 metres across. Its smaller moonlet,
Dimorphos, is roughly 160 metres across and orbits
Didymos.
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Before the impact, Dimorphos completed one orbit around Didymos in approximately 11 hours and 55
minutes. Astronomers could measure this period by observing regular changes in the system'’s
brightness as the asteroids passed in front of one another.

wsm DART launched on November 24, 2021. Its main spacecraft had a
~ mass of approximately 570 kilograms and carried one main

The spacecraft itself was not responsible for the entire change. The cc
rock and dust into space. This material is called ejecta. As the ejecta tr
pushed the asteroid in the opposite direction. This recoil acted somew
balloon. It increased the total mementum transferred to the asteroid
by the spacecraft alone.

Scientists describe this additional push using a value called the mome
beta factor. The exact value depends on Dimorphos's mass, density, s
structure. A loosely packed astercid may release more ejecta than a s
different deflection from the same collision.

In 2026, NASA also reported that DART's impact created a tiny but me
Didymos system’s orbit around the Sun. Its orbital period changed by
speed changed by roughly 11.7 micrometres per second. This extreme
demonstrates why early warning is important: a tiny velocity differenc
difference over time.

What DART Could Net Tell Us
DART proved that the kinetic-impactor method can change an asteroh
prove that one spacecraft could deflect every possible asteroid.

Asteroids differ greatly. Some are solid pieces of rock or metal. Other:
dust, and empty spaces held together by weak gravity. Some rotate sl
Their surfaces may be strong, loose, smooth, or covered with boulder.

Dimorphos appears to be a rubble-pile asteroid. A collision with a solii
less ejecta and transfer momentum differently, A much larger astercit
impactors, a more massive spacecraft, or a different technique.

DART was destroyed in the collision, so it could not examine the crate
and internal structure afterward, Telescopes observed the impact fror
Dimorphos is too small and distant for them to reveal every detail.

Scientists still need to know:
« How large and deep is the DART impact site?

« Did DART create a crater, reshape much of Dimorphos, or do both?

« How much material escaped from the asteroid?

« What is Dimorphos's exact mass and density?

« s its interior solid, fractured, or loosely packed?

+ How did the collision affect its rotation and long-term orbit?

« How efficiently was the spacecraft’s momentum transferred?
Answering these questions is the purpose of the Hera mission.

The Hera Mission

Hera is a European Space Agency mission designed to conduct a detailed investigation of Didymos and
Dimorphos after the DART impact. Together, DART and Hera form the first complete test of asteroid

deflection: DART performed the collision, while Hera will examine the

Hera launched on October 7, 2024. On March 12, 2025, it flew past M
to adjust its path. During the flyby, Hera tested several instruments ar
small moen Deimos.

A major deep-space manoeuvre in February and March 2026 aligned t
system. As of September 2026, the spacecraft is operating normally ar
Didymos in November 2026.

Hera will be the first spacecraft to perform a sustained close-up surve'
measurements will help transform kinetic impact from a successful ex
scientists can model and repeat more accurately.

Hera's Investigation

Hera will observe Didymos and Dimorphos from different distances. it
their surface features, study their temperatures and composition, and
DART.

One of Hera’s most important tasks will be measuring Dimorphas’s m;
much DART changed the moonlet’s orbit, but they need its mass to ac
momentum was transferred.

Hera will also measure the dimensions of the impact site. A large crat
field of displaced boulders would provide different evidence about th
structure.

The spacecraft carries 12 instruments when the equipment aboard its
major instruments include:
» Asteroid Framing Cameras: Capture images for navigation, ma

+ Thermal Infrared Imager: Measures surface temperatures and provides evide
size, porosity, and compaosition.

+ HyperScout H: Observes 25 bands of visible and near-infrared light to investig
compaosition.

« Planetary Altimeter: Uses laser pulses to measure the spacecraft’s distance fr
and map asteroid shapes.

= Radio Science Experiment: Uses changes in radio signals to measure the aster
help determine their masses.

Juventas and Milani
Hera carries two small CubeSats named Juventas and Milani. These spacecraft will se
and approach the astercids more closely.

Juventas will use low-frequency radar to examine the interior of Dimorphos. The rada
reveal whether the asteroid contains solid layers, cracks, large boulders, or empty sp:
the first radar survey of the interior of an asteroid.

Juventas is alse expected te land on Dimorphos, Its GRASS instrument will attempt th
gravity measurements from the surface of such a small asteroid.

Milani will study the mineral composition of the asteroid surfaces, s ASPECT instr
visible and infrared wavelengths, while its VISTA instrument will detect tiny du
volatile materials such as water-containing particles.

ion to Earth

The CubeSats will communicate with Hera, which will relay theigg
i measure the gravit

connections between the three spacecraft will also help
Didymos and Dimorphos.

Other Asteroid-Deflection Methods
Kinetic impact is not the only possible
several alternatives.

of asteroid deflection. Scientists are al:

ng its velocity. Lasers or concentrated sunlight might aler haat nart of an actan
<caping gas and dust could produce a small thrust.

For a large asteroid discovered with little warning, a nuclear ¢
goal would most likely be to explode it near the surface so ths
rather than breaking it into many uncontrolled pieces. Such a
legal, and political challenges.
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No single methed is best for every asteroid. The response would depend on the object’s size,
compasition, orbit, rotation, and the amount of warning time available.

Can We Deflect an Asteroid?
DART sh d that h can delib ly change an asteroid's motion. This was an important
achievement, but it was only ene test involving one spacecraft and one type of asteroid.

Hera will provide the measurements needed to understand why the DART impact worked as well as it
did. Its investigation will help scientists predict how a future kinetic impactor might affect an asteroid
with a different size, density, composition, or internal structure.

The most impertant defense remains finding hazardous objects early. A small push delivered decades
in advance may be enough to prevent an impact. The same push delivered only weeks before a
collision may accomplish very little.

Asteroid deflection is therefore a combination of astronomy, physics, engineering, computer science,
international cooperation, and long-term planning. DART demonstrated that the basic idea works, Hera
will help determine how reliably it can be used to protect Earth,

Reading Comprehension Questions
1. What is planetary defense, and why is discovering a hazardous astereid early so important?
2. How could a very small change in an asterold's velocity prevent it from striking Earth?

. How does the kinetic-impactor methed change an asteroid's metion?

. Why was the Didymos-Dimorphos system selected for the DART test?

How did DRACO, SMART Nav, and LICIACube contribute te the DART mission?

How did DART change Dimorphos's orbit around Didymaos?

. How did ejecta increase the amount of momentum transferred to Dimerphes?

. Why does DART's success not prove that the same mission design could deflect every asteroid?

. What are the main questions that the Hera mission will investigate?

10, How will Juventas and Milani contribute to Hera's investigation?

e Nowm s w

Extension Questions

1. DART had a mass of approximately 579 kilograms and struck Dimorphos at approximately 6,100
metres per second, Calculate the spacecraft's momentum using p=mv, Then calculate its
approximate kinetic energy using KE=1/2 mv"2.

2. Imagine that a deflection mission changes an asteroid’s speed by 0.01 metres per second.
Ignoring the complications of orbital motion, calculate how far this velocity difference would
move the asteroid after one year and after ten years. Explain why warning time is so important,

3. Select one instrument carried by Hera, Juventas, or Milani. Research how it works and explain
how its measurements could improve a future asteroid-deflection mission.

4. Compare the kinetic-impactor and gravity-tractor methods. Discuss how each works, its major
advantages and limitations, and the situations in which it might be useful.

5. Ewvaluate the statement: "DART proved that humans can now deflect any dangerous asteroid.”
Write a response that uses at least three pieces of evidence from the reading.

Full Answer Key




Upgrade to the Grade 8 and Up

Reading Mega Bundle

Includes over 130 readings for students in grades 8 and up. The Grade 8 and Up

: : : Scientific Reading Comprehension
0
bundle covers all science tOpIGS and will save you over 75%. Article Mega Bundle

READING COMPREHENSION CLASSROOM READY ALL my current and future grade 8 and up readings,

ARTICLE & QUESTION = Questions and Answer Key covering the following subject areas:
MEGA BUNDLE » No Prep, Ready-to-Use: Print or assign digitally with

Google Docs, Microsoft Word, and PDF formats for flexible Blﬂlﬂg‘f
classroom use Chemistry
Article with . - - . inki
‘ In clud@ ".I’arlm:l_ Qu_estlnn Types: Kn uwledge,. thinking, Eart — d S pace
Comprehension connecting, application, and open-ended questions.

Questions Ecology and the Environment

Energy
Health
Natural Disasters
Physics

Improve your students’ Literacy and Analysis Skills,
use as an Emergency Substitute Plan or create
Applicability in your classroom

Click to

review and at the same time introducing some concept. | also use this for sub
plan.It is well presented, organized and interesting.

Extremely satisfied - This a great resource. | used this for a sub
plan. It was fun and engaging for my students.

learn more!



https://www.teacherspayteachers.com/Product/Grade-8-and-Up-Science-Reading-Article-Mega-Bundle-4033650

Thails TWF

for your interest _
in this resource! Teach With Fergy

| am a real person and If
you have any guestions,
suggestions, or concerns,

please reach out. \’




	Reading Comment
	SCROLL
	to take a look inside!

	THE PROBLEMS YOU FACE
	Limited time to teach scientific literacy and strengthen students’ reading and analysis skills.
	Difficulty creating effective last-minute sub plans that still support student learning.

	What Will Your Students Learn?
	Classroom Fit Guarantee
	Your Reading

