Comets, Aster0|ds,

and Meteormds'
A Field Guide for
Educators

e Powerful entry points for teaching astronomy' A

e Covering definitions, origins, behavior, e
impacts, and missions e

» Essential vocabulary and classroom ', o R
strategies included ' -

e For educators, students in training, and
science communicators

SMALL-BODY SCALE COMPARISON

Meteoroid Asteroid




Why Small Bodies Matter for ' _‘ i '

-

Learning and Engagement . |

e Space rocks are time capsules,
preserving clues from the solar
system's birth ~4.6 billion years ago

* Comets and asteroids may have
delivered water and life's
ingredients to early Earth

e Connect naturally to missions,
hazards, and backyard _
observation T

* Their mystery and real-world s
relevance engage learners >.
of all ages |




The Shared Building Blocks
and How We Use Key Terms

COMET METEOROID
* Comets, asteroids, and meteoroids: leftovers from planet
formation, differing in composition, location, and behavior

* Establish shared vocabulary: asteroid, comet, meteoroid,
meteor, meteorite, and interplanetary dust

e Categories are human-defined, with boundary cases



Core Definitions: Meteoroid, Meteor, and Meteorite

e Meteoroid:
solid natural object,
roughly 30 micrometers to i Sk
1 meter, in interplanetary space | s i
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e Meteor: - L
light and associated

phenomena from high-speed
atmospheric entry

e Meteorite: solid object

surviving atmospheric
passage to reach a surface

-
B

* Size limits are conventions, NS T,
not physical boundaries .
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* *  Comets vs. Asteroids:

'
| Composition, Orbits, and Behavior
' g | N 4 ‘
& COMET / &> ASTEROID | T
u i eﬁ

e Comets: ice-rich bodies that form coma and tails

* Asteroids: rocky or metallic, mostly inactive

e Meteoroids: small fragments of comets or asteroids

@ ® “Shooting stars” are meteors, not stars or falling rocks




Where They Live: N
Belts, Clouds, and Near-Earth Populatlons

¢ Main asteroid belt: between [ o‘j.e} Main asteroid bﬂ '
Mars and Jupiter e _

e Kuiper Belt: source of
short-period comets, beyond Neptune |

e Qort Cloud: spherical shell,
source of long-period comets

* Near-Earth objects: orbits Near-Earth]‘ ™

bject
within 1.3 AU of the Sun i
* Giant planet migration shaped = T

today’s small-body populations




Recent Evidence on How &
Populations Formed and Migrated

_ ;

* The asteroid belt may
have formed nearly empty, @ 1 ey

then been populated by Formation .. i
objects implanted from S SR iy
elsewhere. e *

* Neptune's outward @ 2. Giant-Planet
migration likely shaped Migration

the Kuiper Belt's mass
and orbital structure.

A\ 4
« Small-body histories O ssmabbody w25t ’ &
remain an active area TR i et A T
of research. B *
v
* Use uncertainty as a
. 4. Present

teaching strength: show Archftecture ™ O @ , ’ : j ’ 2 w N

how scientific models
evolve.
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Comet Anatomy and Activity s
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* Nucleus: icy core with
embedded rock and dust

Nucleus Z o i
: icy core with ' i
e Coma: glowing atmosphere embedded rock \ &
of gas and dust AR - lon Tail
3 ~ charged particles
. . p : swept by the
* Dust tail and ion tail: point solar wind
away from the Sun - o
Coma

glowing atmosphere i
of gas and dust '

* Activity peaks near
perihelion (closest approach)

 Halley’s Comet: famous Sublimation >
istori Jets N
historical example gas and dust Dust Tail

released from dust particles
warming ices i pushed by

sunlight

Direction from ‘ ' il s e / ,
the Sun ' - / e /




Asteroids, Meteorites, ,, ¥
and Evidence of Impacts ~ *

® Meteorite classes reveal
asteroid composition and
differentiation

® Layered interiors show
some asteroids began
forming planets

® Craters on Earth and
other bodies record
ongoing collisions

® Meteor Crater and
Chicxulub are key
classroom examples




Meteors, Fireballs,
and Meteor Showers

- Meteoroids enter Earth’s
atmosphere at high speed,
creating visible light trails

2

- Meteors are light phenomena,
not burning rocks; meteorites
are what reach the ground

- Showers occur when Earth
crosses a comet or asteroid’s
debris stream

- Radiant: the sky point where
shower meteors appear to
originate

- Examples: Perseids (Swift-Tuttle),
Geminids (3200 Phaethon)




PlaHEtary Defense I | ,,
and the DART .
Demonstration

e Near-Earth objects over
140 meters may cause
regional or global damage

e DART's kinetic impact
changed Dimorphos's orbit
by about 33 minutes

e Ejecta from the impact
strongly enhanced
momentum transfer

e ESA's Hera mission will
follow up at the Didymos

system /




Current Missions, Sample Returns,
and 2025-2026 Findings

- OSIRIS-REx and
Hayabusa2 returned
samples from Bennu
and Ryugu

- Rosetta and Stardust
detected glycine and
other prebiotic organics

- Tianwen-2 reached
Kamo'oalewa; Hayabusa2
flew past Torifune in 2026

- New data refine models
of solar system origins



Classroom and o
Outreach Activity Ideas —

¢ Build dry-ice comet or
comet-on-a-stick models

i) i Simulate crater formation
with safe, low-cost materials

4
4
@ * Explore orbits with
Z
<
R
2

¢ Plan naked-eye meteor
viewing around shower peaks

. NASA's Eyes on Asteroids

..

‘ e Use tactile activities like
Comet Mystery Boxes

YN




Common Misconceptions
and How to Correct Them

| e Students often mix up
comets, asteroids, meteors,
and meteorites

¢ Comet tails come from solar
wind and radiation, not
burning or friction

* Scale is often misunderstood; - / T e A |
use familiar comparisons to | | ; “ ; ' '
recalibrate o —— Not a star — A meteor is much, much smaller. =

) ; - da ; 4 A
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COMET ASTEROID METEOR METEORITE STAR

—\ *® "Shooting stars" are meteors,

—_—

= not actual stars; start with
physical properties




Field-Tested
Teaching Strategies

for Small Bodies

TAIL DIRECTION —O

Start with physical properties
and cause-effect relationships.

® Use analogies, timelines, and
visual comparisons for scale.

e Address terminology confusion
(comet, asteroid, meteorite)
directly.

* Model scientific uncertainty

as a feature, not a flaw. ACTIVITY DRIVER:

Solar heating causes -
ices to sublimate,
releasing gas and
dust.

® Connect observations to the
physical processes behind them.




Summary and [NASA |

Curated Resources | wmmaz |7
for Further Learning
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EDUCATI'ON MATERIALS

® Asteroids, comets, and meteoroids
are leftovers from the solar system's

f | E RE50URC ES
St ' \E@_\ iD-.:gg‘p?;Ne TOOLS

// ® Distinguish meteoroid (space),
\ O/ meteor (atmosphere), meteorite
— (ground)

® Explore NASA's asteroid and
comet resource packages and
interactive tools

® Use ESA, JAXA, and IAU education
materials for deeper learning

J L ORE. DISCOVER:
® Track current missions and data | =l Thzats -‘
through NASA's Eyes on Asteroids | R .o,
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PersonWise.

PersonWise - Al digital-human course platform

Scan the code or click anywhere to watch this course live, with voice Q&A

personwise.ai/t/c2b26f2c/public


https://personwise.ai/t/c2b26f2c/public?entry_surface=public_courseware_pdf

