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The Solar System (sizes to scale, distances not to scale)
Credits: CactiStaccingCrane (Wikipedia)
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Distances in the Solar System (distances to scale, sizes not to scale)
Credits: CactiStaccingCrane (Wikipedia)
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Orbits of the Planets and Dwarf Planets
Credits: OpenStax Astronomy



Jupiter 0.10

Comets 0.0005-0.03 (estimate)
Other planets and dwarf planets 0.04
Moons and rings 0.00005
Asteroids 0.000002 (estimate)

Cosmic dust 0.0000001 (estimate)



Distance from Revolution DiameterA Mass | Density
Sun (AU) Period (yr) (km) 1023 kg ) | (kg/m?)

Mercury
Venus
Earth
Mars

Jupiter
Saturn
Uranus
Neptune

0.39
0.72
1.00
1.52
5.20
9.54
19.18
30.06

0.24
0.62
1.00
1.88
11.86
29.46
84.07
164.82

4,878

12,120 48.7
12,756 59.8
6,787 6.4
142,984 13,991
120,536 5686
51,118 866
49,660 1030

5,400
5,200
5,500
3,900
1,300
700
1,300
1,600


https://openstax.org/books/astronomy-2e/pages/7-1-overview-of-our-planetary-system#fs-id1170326168588
https://openstax.org/books/astronomy-2e/pages/7-1-overview-of-our-planetary-system#fs-id1170326176843
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Natural color image of Saturn and 6 of its moons, taken by Cassini in July 2008.
Credits: NASA / JPL / Space Science Institute



e Asteroids
asteroid belt

Ceres Vesta Pallas Hygiea
dwarf planet



The asteroid belt (white) and some other large groups of asteroids.
Credits: Mdf (Wikipedia)



The asteroids Ceres, Vesta, and Eros compared to the sizes of Pluto and its moon Charon.
Credits: Justin Cowart, NASA/JPL, NASA/JPL-Caltech/UCAL/MPS/DLR/IDA, NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute /Alex Parker
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A meteor during the peak of the 2009 Leonid Meteor Shower
Credits: Navicore (Wikipedia) ' ',



View of a meteor from the International Space Station
Credits: Navicore (Wikipedia)



The 60 ton, 2.7 m long Hoba meteorite in Namibia - the largest known intact meteorite.
Credits: Calips (Wikipedia)



https://universesandbox.com


https://universesandbox.com/




Luna Ranger Surveyor
Lunar Orbiter Zond

Apollo 11, 12,
14, 15,16, 17

Artemis



Apollo 15 Astronauts on the Moon
Credits: David R. Scott, NASA



Map of Apollo landings on the Moon
Credits: NASA / Goddard Space Flight Center Scientific Visualization Studio



Artemis I launch, NASA’'s Kennedy Space Center in Florida, November 16, 2022 at 01:47 EST
Credits: NASA/Joel Kowsky



https://voutu.be/mYTvg2abusc

https://voutu.be/CMLDOLpO]B


https://youtu.be/mYTvg2abusc
https://youtu.be/CMLD0Lp0JBg




e Mariner 10

* MESSENGER

* BepiColombo



Photograph of Mercury from MESSENGER's first flyby of the planet
Credits: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington



Artist’s depiction of the MESSENGER spacecraft in orbit around Mercury
Credits: NASA / JHU/APL



Exploration: Mercury

* This is MESSENGER's 2004-08-03 MESSENGER

trajectory from launch

in 2004 until mission
end in 2015.

* Legend:
* Pink: MESSENGER
* Blue: Earth
* Aqua: Venus
* Green: Mercury

e Animation URL:
https://en.wikipedia.or

g[wiki;ZFile:Animation
of MESSENGER trajecto

ry.gif

0.0km/s 114,373,224km


https://en.wikipedia.org/wiki/File:Animation_of_MESSENGER_trajectory.gif

Venera

Pioneer Venus project multiprobe
orbiter

* Vega 1 and 2
* Magellan



[llustration of the Pioneer Venus Multiprobe approaching Venus
Credits: NASA/ Paul Hudson



3D view of the surface of Venus from the Magellan probe (reprojected from stereo imaging)
Credits: NASA/JPL



Mars probes * Phoenix

* Viking 1 & 2 * Curiosity

* Pathfinder * InSight

* Mars Polar Lander * Perseverance Ingenuity
* Beagle 2

» Spirit & Opportunity * llanwen-1 Zhurong



“Selfie” from NASA’'s Mars Perseverance rover
Credits: NASA/JPL-Caltech, video URL: https://en.wikipedia.org/wiki/File:Perseverance-Selfie-at-Rochette-Horizontal-V2.gif



https://en.wikipedia.org/wiki/File:Perseverance-Selfie-at-Rochette-Horizontal-V2.gif

The Ingenuity Mars Helicopter flying in 2021. Video footage from NASA's Mars Perseverance rover.
Credits: NASA/JPL-Caltech/ASU/MSSS, video URL: https://en.wikipedia.org/wiki/File:Flight 13 zoomed-in animation from Perseverance Mastcam.gif



https://en.wikipedia.org/wiki/File:Flight_13_zoomed-in_animation_from_Perseverance_Mastcam.gif

* Galileo
* Juno
* Jupiter Icy Moons Explorer



Artist's rendering of NASA's Galileo spacecraft flying past Jupiter's moon Io
Credits: NASA
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NASA /JPL-Caltech/SwRI/MSSS

Credits



Cassini-Huygens

Titan



Natural color image of Saturn and 6 of its moons, taken by Cassini in July 2008.
Credits: NASA / JPL / Space Science Institute



Saturn's north polar hexagon. Image taken by Cassini in November 2012.
Credits: NASA/JPL-Caltech/Space Science Institute



https://voutu.be/xrGAQCq9BMU


https://youtu.be/xrGAQCq9BMU

Voyager 2



A true-color image of Uranus taken by Voyager 2 in 1986
Credits: NASA






The Voyager spacecraft. Note the golden record attached to it.
Credits: NASA/JPL-Caltech



The Voyager golden record, attached to both Voyager spacecraft and containing sounds and images from Earth.
Credits: NASA/JPL



Voyager 2



Neptune as seen from Voyager 2 in August 1989
Credits: NASA/JPL



Neptune’s moon Triton as seen from Voyager 2 in August 1989
Credits: NASA/JPL



* NEAR (Near Earth Asteroid Rendezvous) Shoemaker

Eros
* Hayabusa [tokawa
* HayabusaZ Ryugu

* OSIRIS-REx (Origins, Spectral Interpretation, Resource
[dentification, Security, Regolith Explorer)
Bennu



Eros as seen from NEAR Shoemaker in 2000
Credits: NASA/JPL/JHUAPL



OSIRIS-REXx collects samples from asteroid Bennu in a “Touch-And-Go“ (TAG) event
Credits: NASA/Goddard/University of Arizona, video URL: https://svs.gsfc.nasa.gov/13744



https://svs.gsfc.nasa.gov/13744

* DART (Double Asteroid Redirection Test)
Dimorphos moonlet Didymos

NOT



The final 5.5 minutes leading up to DART's collision with Dimorphos on September 26, 2022. Played at 10x speed, except for the last 6 images.
Credits: NASA/Johns Hopkins APL, video URL: https://dart.jhuapl.edu/Gallery/media/videos/dart impact replay.mp4



https://dart.jhuapl.edu/Gallery/media/videos/dart_impact_replay.mp4

[llustration of the effect of DART’s impact on the orbit of Dimorphos
Credits: NASA/Johns Hopkins APL



Giotto
Halley's Comet

 Stardust

* Deep Impact Tempel 1

* Rosetta Churyumov-
Gerasimenko

Philae



Artist's impression of the Deep Impact space probe after deployment of the Impactor (the part that crashed into the comet)
Credits: NASA/JPL



Video from Deep Impact showing the impact with the comet on July 3, 2005. The Impactor placed itself in front of the comet for impact.
Credits: NASA/JPL, video URL: https://en.wikipedia.org/wiki/File:HRIV Impact.gif



https://en.wikipedia.org/wiki/File:HRIV_Impact.gif

Comet 67P/Churyumov-Gerasimenko as seen from Rosetta at a distance of 162 km on April 15, 2015. The comet is ~4.1 km long.
Credits: ESA, Rosetta, NAVCAM; processing by Giuseppe Conzo



Dust and cosmic rays on the surface of the comet 67P/Churyumov-Gerasimenko on June 1, 2016, with stars moving downward in the background. Filmed by Rosetta's OSIRIS instrument.
Credits: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA, video URL: https://en.wikipedia.org/wiki/File:67P Churyumov-Gerasimenko surface.gif



https://en.wikipedia.org/wiki/File:67P_Churyumov-Gerasimenko_surface.gif

https://en.wikipedia.org/wiki/Timeline of Solar System exploration


https://en.wikipedia.org/wiki/Timeline_of_Solar_System_exploration

 For All Mankind

https://voutu.be/HZS9M52Bd w


https://youtu.be/HZS9M52Bd_w

e Helios-A Helios-B

Parker Solar Probe



The apparent size of the Sun as seen from Parker Solar Probe at perihelion (closest approach to the Sun) compared to its apparent size as seen from Earth
Credits: Maringaense (Wikipedia)



https://yvoutu.be/Lkal.tbuB 6E


https://youtu.be/LkaLfbuB_6E

solar nebula



Artist's impression of the solar nebula
Credits: NASA






circumstellar disks



Planetary nurseries in the Orion Nebula as seen by the Hubble Space Telescope
Credits: Modification of work by NASA/ESA, L. Ricci (ESO)



planetesimals



Arrokoth, in the Kuiper belt, was the farthest object visited by a spacecraft (New Horizons) in 2019. It is composed of two planetesimals 21 km and 15 km across.
Credits: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute/Roman Tkachenko.
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~4.6 billion years
gravitational collapse molecular cloud

protoplanetary disk



counting impact craters



radioactive
decay

when
how many

half-life



An illustration of half-life
Credits: OpenStax Astronomy






Radioactive Decay Half-Life
Element Product (billions of years)

Samarium-147 Neodymium-143 106
Rubidium-87  Strontium-87 48.8
Thorium-232 Lead-208 14..0
Uranium-238 Lead-206 4.47

Potassium-40 Argon-40 1.31



~4.5 billion years






