

Message Overview

Audience:
1. Visitors to a science center with Oculus Rift.
2.  
3. Visitors to a planetarium dome.
1. Learning Objectives:
2. 
3. Impacts shape the surfaces of bodies of our Solar System.
4. 
5. What happens to the impact features after they are initially formed depends on the environment.
6. 
7. Larger impactors result in larger craters.
8. The ISS is supported by a partnership of many different countries.
Tour Components

Miscellaneous Properties
Running Time: 15:55    
Tour Creation Date: 04/22/14  
Tour Properties (WWT Dialog)
Tour Title:
Impacts
Tour Description:
VR and Dome tour that brings the audience member to environments shaped by impacts.  Starting at the ISS and then experiencing flights over impacts craters on the Earth, the Moon, Mars, and Mercury.  The origin of the asteroids and comets that cause the craters is explored as well. 


Original music composed and performed by Chris Richko


Author:
Doug Roberts
Author Contact Email: 
doctor.spaceman@yahoo.com

Organization Name:  
WorldWide Telescope
Organization URL: 
www.worldwidetelescope.org

Level:
Intermediate
Catalog Objects and Keywords: 
Keyword 1; Keyword 2 

Catalog Taxonomy:
Taxonomy
Story Board
1. Fly around asteroid, which reveals the title “IMPACTS.”
2. Fly up to ISS, fly around, highlight modules, talk about how things look different from orbit than they do close-up.  Talk about danger of space debris and then transition into risk of asteroid impacts to Earth.
3. Fly out to see asteroid impacts from 2000-2013.
4. Fly into Meteor Crater.
a. 1.18 km (0.74 mi) diameter.
b. Age is 50,000 yr.
c. Nickel-iron meteorite, 50 m across, traveling 20 km/s (45,000 mi/hr).
d. Impact energy 10 megatons.
5. Cross-fade to Manicouagan Crater.
a. 100 km (62 mi) diameter.
b. Age is 215 million years.
c. Impact of a 5 km (3 mi) asteroid.
6. Cross-fade to Moon - Tycho Crater.
a. 86 km diameter.
b. 4.8 km deep.
c. Age is 108 million years.
7. Cross-fade to Mars – Gale Crater.
a. 154 km (96 mi) in diameter - about the combined area of Connecticut and Rhode Island.
b. 5 km (3 mi) deep.
c. Age is 3.5 to 3.8 billion years.
d. Layering in the central mound (Aeolis Mons) suggests it is the surviving remnant of an extensive sequence of deposits. Some scientists believe the crater filled in with sediments and, over time, the relentless Martian winds carved Aeolis Mons which today rises about 5.5 km (3.4 mi) above the floor of Gale Crater—three times higher than the Grand Canyon is deep.  Aeolis Mons (previously informally named “Mount Sharp” to pay tribute to geologist Robert P. Sharp) rises higher from the crater floor than Mount Rainier rises above Seattle. 
e. 
f. Gale is the landing site of the Curiosity rover, delivered by the Mars Science Laboratory spacecraft, which was launched 26 November 2011 and landed on Mars at Gale Crater on the plains of Aeolis Palus on 6 August 2012.
g. 
8. Cross-fade to Mercury – Caloris Basin.
a. 1,550 km (960 mi) in diameter.
b. Mountains at rim are 2 km (1.2 mi) high
c. Floor is covered with lava plains similar to the Maria on the Moon.
d. Radial troughs near a central impact crater are called “Pantheon Fossae.”
e. Impactor estimated to be about 100 km (62 mi) in diameter.
f. Basin formed a 3.8-3.9 billion years ago at the end of the late heavy bombardment period. The interior has been resurfaced with smooth plains.  The only parts of the original basin are near the rim.
9. Fly out and see Asteroid belt and talk about how much/little we know about asteroids that can cause impact craters on bodies we’ve visited.
10. Credits over pull-out through Hipparcos stars.
Data

1. Asteroid model.
2. Earth from orbit from Bing Maps.
3. ISS model from Toshiyuki Takahei.
4. Background sky from DSS.
5. Earth Terrain/Image data Bing Maps.
6. Moon Terrain/Image data from LRO.
7. Mars Terrain/Image data MRO/HiRISE.
8. Mercury Terrain/Image data from MESSENGER.
9. Asteroids orbits.
Script

1.00:01.0s – N/A [MASTER]

2.00:15.0s – [Title Slide] – It has been just a little more than 50 years since the beginning of the space age and humans have sent spacecraft to visit distant worlds and even nearby asteroids like this one.  During the same period, we went from Yuri Gagarin’s single orbit to a continual human presence in space using the International Space Station.


3.03:30.0s – [ISS]   [image: image1.png]


 The International Space Station, or ISS, is comprised of a variety of pressurized and unpressurized modules, which are supplied by a community of space agencies. The module in the center in front of us is called Harmony, also known as Node 2, and is the “utility hub” of the station.  This module, which was supplied by NASA and the European Space Agency, provides power and data connections for the station.  On your right is the Japanese Experiment Module, called Kibo - which means hope in Japanese.  The module to the left of Harmony is the Columbus Orbiting Facility provided by the European Space Agency.  We are now flying over the robotic arm called Candarm2 which was provided by the Canadian Space Agency.  The far part of the station contains modules supplied by the Russian Federal Space Agency.  This is also where the spacecraft that brings materials and people to the ISS docks.  We are approaching the module called Zarya – which means sunrise in Russian.  This was the first component of the ISS put into space in 1998.  The Russian module beyond Zarya is called Zvezda – which means star in Russian.  Zvezda contains sleeping quarters and NASA-supplied exercise equipment plus its two engines which can be used to boost the orbit of the station.   Currently humans are carried to the ISS by a modern version of the Russian Soyuz spacecraft which you can see attached to the station.  They are the four black modules that are connected to Russian section of the station, two on Zarya and two on Zvezda.  Although in principle there could be four Soyuz docked at the same time – as are shown here – it has never happened.  The reason is that the environmental systems on the ISS that provide a living environment of air and moderate temperature cannot accommodate the dozen people who would be on station if all the docks were full.  At any time, a variety of experiments are taking place in the various modules of the station. Including the solar arrays and truss structure that supports them, the ISS itself is about the size of a football stadium – 109 by 73 meters (357 by 239 feet) in size.  Ahead of us, you can see NASA’s Tranquility module.  At the bottom of Tranquility is a window called the Cupola, where astronauts can watch the Earth below as they pass over.  To our right are the NASA-supplied Unity and Destiny modules.  Unity, also called Node 1, is the connected to Tranquility and has a laboratory and bathroom.  The module beyond Unity under the truss structure is called Destiny and houses laboratories and exercise equipment.  The accordion-like components we just passed on our left are radiators, which maintain a comfortable temperature inside the station.  The International Space Station is in what is called a low Earth orbit at the very edge of our atmosphere.  As time passes, the altitude of the station decreases due to the drag of the station through Earth’s tenuous upper atmosphere.  Engines of the Zvezda module or visiting spacecraft are used to keep the ISS in a safe range of altitudes between 330 and 435 km (205 and 270 mi) above the ground.  In low Earth orbit, the station goes around the Earth very rapidly – about every 90 minutes.  Looking down you can see the ISS is now over northeastern Canada.  





4.00:30.0s – [Zing!] – The region of low Earth orbit is full of space debris.  This debris could be traveling with a very high relative velocity with respect to that of the space station.  One of the risks aboard the ISS is that is can be hit by small, fast-moving micrometeorites which can puncture parts of the station.  In April of 2013, such an event happened and a small meteorite put a hole in the solar array.  

5. 02:10.0s – [Impacts 2000-13] [image: image2.png]2013/06/15



However, it’s not just objects in space that are at risk of being hit.  Our planet is hit daily by a variety of asteroids of various sizes.  Most of these objects burn up in Earth’s atmosphere and are seen as shooting stars.  Less frequently, larger objects hit the Earth as well.  In fact, sensors designed to monitor nuclear test detonations have detected 26 high-energy events caused not by bombs but by asteroids hitting the Earth.  The energy released in these explosions varied, some of which were several times that of the atomic bomb that was dropped on Hiroshima, which was the equivalent of 15 kilotons of TNT.  These explosions didn’t do much damage on the ground because they occurred high in the atmosphere.  However, about once a century, an asteroid hits the Earth that is larger than about 35 meters across which is large enough to make it to the ground and could cause massive destruction.  In this visualization of asteroid impacts from 2000 to 2013, the color represents the energy released in each event.  White indicates impacts with the equivalent of 1-10 kilotons of TNT, yellow 10-20 kilotons and red energies greater than 20 kilotons.  In total 26 events were measured in the 13 years of the experiment. 



6. 00:45.0s – [Meteor Crater] [image: image3.png]


One such event happened about 50,000 years ago near what is now Flagstaff, Arizona.  “Meteor Crater” is well-preserved because it is so young and due to the weather in that part of North America, there hasn’t been time for much erosion to occur.  This crater is 1.2 km (0.74 mi) diameter and was the caused by the impact of a Nickel-iron meteorite about 50 m across, traveling 20 km/s (45,000 mi/hr).  The impact energy was about 1000 times greater than the small asteroids shown in the previous visualization and was equivalent to about 10 megatons of TNT.  If a similar sized asteroid hit the location of a city today, it would wipe it out.



7. 00:50.0s – [Manicouagan Crater]
[image: image4.png]


One of the largest craters on the Earth is in northern Canada and is called the Manicouagan Crater.  This crater is almost 100 times the size of Meteor Crater at 100 km (62 mi) in diameter and is also much older, 215 million years old in fact.  Given the size of this crater, you might think that this would be very well-studied.  However, it wasn’t even discovered until a dam was built in the 1960’s which flooded a circular depression that outlines the now clearly visible extent of the circular crater.  We think that this crater was caused by the impact of an asteroid 5 km (3 mi) in diameter, which is 100 times the size of the asteroid responsible for making Meteor Crater.  The impact probably created an uplift in the center, which is called “Mount Babel.”
 

8. 01:25.0s – [Moon - Tycho Crater] [image: image5.png]


 The Earth is actually a challenging place to see craters.  Our active geology with plate tectonics, wind and water erosion, volcanos and of course the abundance of life means that once an impact occurs, the planet slowly wears away evidence of the event.  However, bodies like our Moon do not host such processes.  When a crater is formed, it stays around until the next impact or is degraded by a series of smaller impacts.  The oldest craters on the Moon are billions of years old.  This crater, called “Tycho Crater,” named after Danish astronomer Tycho Brahe, is about 108 million years old and would be an old impact crater on Earth but is a relatively young one for the Moon.  Tycho Crater was formed when dinosaurs roamed the Earth.   It is about 84 km (52 miles) in diameter and has steep crater walls that measure 5 km (3 miles) from the top edge to the crater floor.  The central peak rises almost 1.6 km (1 mile) from the floor and has sharp edges, building-sized rocks and a central boulder on top about the size of a baseball stadium.  We think the impactor was about 3-6 km (2-4 miles) across.  
9. 
10. 02:00.0s – [Mars - Gale Crater][image: image6.png]


We are now approaching Gale Crater, which is named after Walter Frederick Gale, an amateur astronomer from Sydney, Australia, who observed Mars in the nineteenth century.  Gale Crater is almost twice the size of Tycho Crater on the Moon, measuring 154 km (96 mi) in diameter and it covers a region equivalent to the combined area of Connecticut and Rhode Island. Gale is also very old; it is estimated that it formed between 3.5 and 3.8 billion years ago by a large impact.  This was just after the late heavy bombardment period when large number of asteroids collided with the early terrestrial planets in the inner Solar System.  The Mars Science Laboratory spacecraft delivered the Curiosity rover to the plains of Aeolis Palus in Gale Crater on August 6, 2012.  Curiosity is studying this location because of the layering in the central mound, which is called Aeolis Mons, suggesting it is the surviving remnant of an extensive sequence of deposits. Some scientists believe the crater filled in with sediments from a distant age when water covered this region and, over time, erosion carved the central mountain.  Today Aeolis Mons, which is informally known as “Mount Sharp” to pay tribute to geologist Robert P. Sharp, is seen to rise about 5.5 km (3.4 mi) above the floor of Gale Crater – which is greater than the height of Mount Rainier above Seattle.   As the Curiosity rover explores different layers of Aeolis Mons, it will be investigating different times in Martian history and can help us understand how Mars went from being a wet planet in the distant past to the dry one we know today.



11. 01:30.0s – [Mercury – Caloris Basin] [image: image7.png]


At first glance, this may look like Earth’s Moon, but we are actually flying over Mercury, the smallest planet of the Solar System, which is also the closest one to the Sun.  The large circular feature we are approaching is called “Caloris Basin” which is one of the largest impact features in our Solar System.  The basin is huge, measuring 1,550 km (960 mi) in diameter surrounded by mountains at the rim 2 km (1.2 mi) high.  Sometime after the basin formed lava erupted into it and filled the massive impact basin, eventually cooling into a relatively smooth flat lava plain similar to the Maria on the Moon.  Ahead, you see a smaller crater 40 km (25 mi) in diameter called Apollodorus Crater which was formed after the large event that created Caloris Basin. The complex of radial troughs you see at the center of Caloris Basin is called “Pantheon Fossae.” The impactor that created Caloris Basin is estimated to be about 100 km (62 mi) in diameter. Caloris Basin formed 3.8-3.9 billion years ago, at the end of the late heavy bombardment period.



12. 02:00.0s – [Asteroid Belts] [image: image8.png]


Four and a half billion years ago the Solar nebula was transformed into the Solar System we now know, which includes the Sun containing 99.9% of the mass of the system and eight planets.  The remainder of the matter which never made it into planets but continues to orbit the Sun is divided into asteroids, comets and dwarf planets.  Dwarf planets primarily inhabit the outer Solar System beyond the orbit of Neptune called the Kuiper Belt.    Icy comets originate in the outer Solar System and develop the characteristic cometary tail when they get close to the Sun.  Most asteroids are found in the so-called “main asteroid belt” located between the orbits of Mars and Jupiter.  In reality the asteroids are so small and distant from each other that you would never see them, but here they are shown as bright points with the main belt asteroids colored white to purple.  The largest body in the main belt is actually a dwarf planet called Ceres and is 950 km (590 miles) in diameter.   If you added up all the mass of the main asteroid belt, it would add up to only about 4 percent the mass of the Moon.  Further out from the Sun, the two clumps of asteroids shown in yellow leading and trailing Jupiter’s orbit are called Trojans and are clustered because of the influence of Jupiter’s gravity. The asteroids that would affect us on Earth are called “Near Earth Asteroids” as they all obit in the same region of space as the Earth and therefore they can potentially hit our planet.  Efforts are currently underway to find all these asteroids that pose a risk to our planet and several groups are working to develop ways to move the asteroids just enough to miss hitting the Earth.  



13. 01:00.0s [Credits]

At this point you may think of impacts only as catastrophic, destructive events – they are also part of the process of the formation of the Solar System.  Billions of years ago impacts in the early Solar System enabled the original, tiny particles of gas and dust to grow into the planets we know.   Impacts are part of the cycles of creation and destruction taking place all over our vast universe. 




1. 

2. 

NOTES

1. http://news.softpedia.com/news/Micrometeorite-Hits-the-International-Space-Station-Punching-a-Bullet-Hole-349617.shtml 

2. The critical question is what the current impact rate is in the inner Solar System? We don’t really have the best handle on how frequent these impacts are. The impact that killed the dinosaurs was younger than Tycho crater on the Moon.




