NWX-NASA-JPL-AUDIO-CORE

Moderator:  Michael Greene

07-23-12/8:00 pm CT

Confirmation #3687426

Page 3

NWX-NASA-JPL-AUDIO-CORE
Moderator: Michael Greene
July 23, 2012
8:00 pm CT
Coordinator:
Welcome and thank you for standing by.

At this time all participants are on a listen only mode until the question and answer session of today’s conference.


Today’s conference is being recorded. If you have any objections you may disconnect at this time.


I would now like to turn the call over to your speaker, Ms. Vivian White. Ma’am you may begin.

Vivian White:
Thank you so much. Hi everyone. This is Vivian here.


We are so glad you could join us this evening. And to begin with let’s make sure we’re all on the same page.


Tonight we’re going to be hearing from Dr. Ashwin Vasavada, a scientist with the Mars Science Lab and the Curiosity Rover.


So if you don’t have the slides up in front of you already you can see them online at www.astrosociety.org/nsntelecon so that’s astrosociety.org/nsntelecon.


And if you have any problems along the way feel free to email us at nightskyinfo@astrosociety.org.


So we’re really lucky to have Dr. Vasavada here speaking with us tonight because the Rover is going to be landing in just a couple of weeks and he’s probably very busy between here and August 5th.


But before I go ahead and introduce him let’s take a minute to see who’s out there calling in.


First of all I know Marni Berendsen is here with me and we’re both calling in from the Astronomical Society of Pacific in the San Francisco Bay Area. Hi Marni.

Marni Berendsen:
Hi everybody.

Vivian White:
And so now the Operator is going to open up the lines and if you could just tell us your name and where you’re calling from once he gives a signal.


(Jaden) can you help us there?

Coordinator:
Yes I can. One moment; and at this time all lines are open.

Many introductions…
Coordinator:
At this time all lines are muted.

Vivian White:
All right, thank you. It’s so great hearing from all of you out there. I heard somebody say they were having trouble getting the - getting to see the slides.


If you just go to www.astrosociety.org and then /nsntelecon you should be able to see it in there.


So let’s see, I just got a few more important things to mention. I want to remind everybody to get your events posted on the Night Sky Calendar for the weekend of August 5th. Of course that’s when Curiosity is going to be landing.


Events that mention the Mars landing will also be uploaded to the Mars Events Map on the NASA Mars Mission Page which should be getting a lot of traffic in the next few weeks. So your event would get quite a bit of publicity even more than it usually gets on the Night Sky Calendar.


But maybe even more spectacular than that, all those drums of people showing up to your event, one randomly selected club is going to be able to win a Mars globe and I just checked the calendar this afternoon and there are only about 50 events listed from Friday the 3rd through Sunday the 5th.

So those are pretty good odds. Just get your event posted by this Wednesday, the 25th to qualify. And as long as your event has said something about Mars in the title it’ll go up on the NASA Mars Mission Page. So make sure to get those posted.


And one more final announcement before we get started for this evening in particular be sure to stay on the line after the presentation and the Q&A session. And one lucky listener is going to be sent a new book by Rob Pyle which is Destination Mars, New Explorations of the Red Planet.


And I’ve only had a chance to look through it briefly but it looks really good.


So without further ado let me introduce Dr. Ashwin Vasavada from NASA’s Jet Propulsion Lab or just JPL for short.


At JPL he studies planetary geology and climates and weather patterns. He’s been involved with several NASA Missions including Cassini, Galileo and at least two of the previous Mars Missions. For this one the Mars Science Laboratory and Curiosity Rover he is the Deputy Project Scientist on the very front page of the Who’s Who in the mission.


You can read more about his many accomplishments on the Mission Page but one thing I found that was interesting is that he’s been involved in not just science but science policy, writing and speaking about science literacy for a number of years which does a lot of good for the sake of science.


And I was also very impressed to learn that he’s been volunteering as a California State Science Fair Judge for a very long time so we appreciate all of that what you are doing. I have no idea where you find all the time.


And in fact Dr. Vasavada I heard in an interview that you mentioned once that when Curiosity lands you might be on a Martian Sleep Schedule which sounds like no small feat. Is that true?

Dr. Ashwin Vasavada:
That is correct. We (sync up) with the Mars clock and we all live on a 24 hour and 40 minute day.

Vivian White:
Wow that’s a long day. Well let’s get started. We can’t wait to hear about it.
Dr. Ashwin Vasavada:
Okay. My name is Ashwin Vasavada. And yes, I’m here at JPL and really great to be talking with you all across the country. That was impressive hearing the list of all the different places from Hawaii to the East Coast. I don’t think I’ve ever talked to a group that broad all at once before so that’s fantastic.


Thanks for your interest in Curiosity. It really is a fantastic mission and the world is kind of waking up to it in these couple weeks.


And it’s thrilling, you know, I’ve been working on this mission over eight years. And I wasn’t even the first one. There’s probably another whole year before I started.

So a lot of people here and around the world really have put in a lot of effort into this and we just all have our fingers crossed for two weeks from Sunday.


I - let’s see. On my slides there’s the cover page and I’ll just go right onto the next one, Slide 2 which is called Mars - NASA’s Mars Exploration Program.


Purpose of this one is just to put this mission in a little context. What’s nice about exploring Mars in the last couple decades is that we’ve had a very deliberately planned, you know, strategically planned program of exploring Mars.


We have been mapping the planet for several, you know, more than a decade now with orbiters trying to understand the planet as a whole, figure out how the planet works by studying the global geology, the global weather, the climate, the dust and the water and the atmosphere, etcetera. Trying to understand the global history through looking at the geological formation.

And then we follow-up on certain discoveries by putting landers down in locations that we’ve identified from orbit.


And so of course we had the Pathfinder Lander in 1997, the Spirit and Opportunity Rovers and then the Phoenix Lander which was looking up at the polar region and then the Mars Science Laboratory.


You know, in all of these explorations up to this point a guiding theme of - is of course to understand the possibility of life on Mars.


But we kind of look at that problem in kind of its pieces. You know we’re building up a picture that’ll help us to understand whether there’s life on Mars. And a piece of that picture we’ve been attacking for awhile now is water on Mars.


So a lot of these orbiters and Spirit and Opportunity have been looking for whether there’s evidence that we can really claim that water was present in liquid form on Mars and it persisted for sometime.


And that really has been answered now. Both Spirit and Opportunity at their landing sites on opposite sides of the planet from each other have found evidence that water flowed on the surface or was in groundwater for sustained periods of time.


And so now that we’ve really found the water after following it for so many years, we need to ask what’s next. You know and the way that we really define our goal for Curiosity is using this word habitability.


So now that we’ve figured out that water was present we’re asking what else is necessary to support life, to give life the chance of taking hold on Mars, evolving on Mars separately from Earth or if it was transported from somewhere else. You know being sustained on Mars.


So that’s what this mission is all about. We’re not actually looking for life itself. That’s an important thing to communicate.


It’s actually pretty difficult to prove that you’re able to find evidence of life especially as microbe and especially from ancient time. You know so we’re pretty confident that if there ever was life on Mars it probably was, you know, three billion years ago when there’s all this evidence for liquid water on the surface.


And to definitively pick up a rock on Mars and claim that we can see the evidence of something living in that rock three billion years ago is actually quite difficult to do. It’s hard to do that on Earth with three billion year-old rock on Earth.


So instead of trying to do that with Curiosity we’re trying to answer a question that we have much more confidence that we can actually answer which is to look at the conditions that are necessary to support life. This is that habitability question that we’re asking.


We’re going to look at our landing site and see if the environments that are recorded there in the rock for us that date from, you know, two, three billion years ago, whether any of those environments could have supported life whether the temperatures were right, whether there was actually water there flowing in the - on the ground or in groundwater. And whether even like the chemistry of that water was the kind of chemistry that could support life.


You know water is one thing. But if it was too acidic? What if it had too many things dissolved in it for life to be able to use?


With Curiosity and the sophisticated laboratories that we’re bringing with us we can answer those more detailed questions than any mission prior to us about the conditions that are necessary to support life.


That’s kind of my long-winded introduction to our science goals. But now let’s move onto the next slide which is Slide 3, Curiosity’s Capabilities.


So given that, you know, eight or nine years ago when we formulated this mission we came up with this idea of assessing the habitability of Mars. The next thing is to turn that question over to the engineers here at JPL and to have them ask the question, you know, what kind of hardware is required to answer that question.


And Rover was the obvious choice because we’d like to explore something on the ground of Mars and not just in one spot but explore kind of a region around our landing site.


So following the example of Pathfinder, Sojourner, Spirit and Opportunity we have Rover. And we designed this Rover to be kind of two things. One is a robotic field geologist. We’re really building a robot that mimics what a human geologist would do on Earth. A human geologist would be able to walk around kind of a big area in the site that they’re exploring. They drive their jeep out somewhere and then maybe walk for miles collecting rocks from various points across where they’re hiking and throwing rocks in their backpack and looking at rocks up close with their magnifying class.

And we want to be able to do all that with Curiosity. So by designing a Rover and having it designed to live longer than any previous mission we’re designing this from the start to live at least two years. We’re designing in this ability to drive around quite a long time for two years and collect rock samples over a wide area.


But another thing a geologist would do then on Earth is to collect those rock samples and put them in their backpack and then take them to their university and run them through their sophisticated geochemical laboratories, you know, in their university lab.


Now that’s something that’s pretty hard to do on another planet. Some of these instruments can fill up an entire room at a university laboratory. So the other challenge that we took for Curiosity was to shrink down some of the most important tools that are found in a university geochemical laboratory and put them on a Rover and send them to Mars.


So not only is Curiosity a robotic field geologist but Curiosity is a mobile geochemical and environmental laboratory. Inside the Rover body itself there’s two quite big instruments that basically are miniaturized versions of two of the most important tools that many geologists have in their laboratory. And I’ll talk about what those tools - in a little bit.

So we have the ability to acquire and process dozens of rock and soil samples. And we have instruments to analyze those samples for their chemistry, for their mineralogy and for whether they contain any organic compounds, carbon containing molecules that all life seems to require on Earth.


And then we also have Curiosity outfitted with a lot of other kinds of sensors to monitor water, weather and natural high energy radiation.


And that last one you might think, you know, why are we measuring radiation?


This is kind of interesting. There’s two reasons. One is that radiation is a hazard to life so part of when you - of what you study about habitability are the positive things, the things that make it favorable for life on Mars and then you want to also look at the hazards to life. And by studying the high energy radiation from cosmic rays and from the ultraviolet light of the sun we can get an idea of what the hazards to life are on Mars.


The other reason we fly that particular experiment is because NASA is of course interested in sending humans to Mars one day. And they specifically have asked us to fly this high energy radiation detector to assess the radiation dose that astronauts will receive when they go to Mars and we’ll learn how to protect astronauts better.

So if you go to the next slide this kind of summarizes our driving goal here for Curiosity. You know basically the premise is that Mars resembles Earth in a lot of ways especially in its early history when it’s thought that there was a lot of water on Mars and that graphic shows a drawing of Mars in a way it may have looked possibly three billion years ago with a full northern ocean. That’s one of the ideas. It may have even had enough water to fill an ocean.


And so we’d like to ask was Mars ever a habitable planet?


If it ever was we think it was early in its history, not so much today. So we’d like to go - we’d basically like to take this Rover kind of like a time machine back to the earliest portions of Mars’ history when all this water was present and go ask whether any of the evidence that’s preserved today dating from that time period has any evidence of habitable environments.


Okay, a little bit about the mission. This is Slide 5.

We launched and it was a spectacular day, sunny day in Florida, day after Thanksgiving. And we all watched Curiosity leave Earth aboard this big rocket. That’s probably the second most nervous time of the whole mission. The first most nervous time being two weeks from Sunday.


And we launched on a big Atlas V rocket. And we took about eight and a half months to get to Mars. And we’re just approaching there now after traveling almost 350 million miles.


And we arrive two weeks from yesterday, August 5th at about 10:30 pm Pasadena Time. Sorry for the East Coasters making you stay up till 1:30 in the morning.


We have a one ton Rover so this is a Rover that’s five times as heavy as Spirit and Opportunity. And that really speaks to the drastically enhanced capabilities of this Rover with these big laboratories inside the Rover body and this giant robotic arm that has a drill on the end of it that acquires the samples that feed the laboratory. All of this is something we’ve never done with a Rover on Mars before.


We had to learn how to land a one ton Rover that it required inventing a new landing system which we’ll talk about towards the end of this talk. And then we planned from the start to have a long mission. Now Spirit and Opportunity were only designed to last about six months. And when you design something for six months you do - you kind of test things and build things differently than when you design it for longer.


So from the start we designed Curiosity to last two years. So we chose, you know, more like higher quality parts and we tested it more thoroughly than Spirit and Opportunity. So hopefully it will well longer than two years considering that Spirit and Opportunity lasted much longer than six months.

We also carry a power source that enables us to have this long lifetime. Solar panels work great on Mars but they eventually get covered by dust. And Spirit and Opportunity in spite of their long life they both were very limited in power as their solar panels got more and more dust covered.


We chose from the start to have a radio isotope power source. These are the kinds of power sources that we fly at Jupiter and Saturn where the sun is much more dim and also the kind of power sources that power the Apollo landings on the moon.


We have 75 kilograms of science payloads. This compares to only 5 kilograms for Spirit and Opportunity. So we have 15 times more scientific payload on this Rover.


So you can tell I’m excited as a scientist.


The next one is our payload. This is Slide 6.


The only thing that compares to Spirit and Opportunity really, I mean I’m sorry. The only thing that compares to Curiosity are things like the Orbiter Missions we sent to Jupiter and Saturn. When we send these big orbiters these things are the size of a school bus out to Saturn, they’re outfitted with all kinds of bells and whistles and instruments. And usually the Rover we send are much smaller and more - have less instruments on them.


But Curiosity really is similar to flying Cassini to the surface of Mars in the sense that it has ten scientific instruments, some of them very complex instruments.


We break the instruments down kind of according to what they do. And I’ll talk about that in a bit but to summarize things we have what we call remote sensing instruments. These are things we survey the landscape with, cameras for example. We have contact instruments. Instruments on the end of the arm that we place up against rocks and soils to look at the soils and rocks for example with a magnifying glass camera and then also with a spectrometer that kind of sniffs what the rocks and soils are made out of.


And then we have our analytical laboratory, those two big instruments in the Rover body. And then we do what’s called environmental characterization where we study the weather and we study the radiation environment and we look for water underneath the surface with some environmental sensors.


And you can see the picture of the Rover there and how all the instruments are distributed around the Rover.

The next slide, Slide 7, shows another big challenge that we had was to design a sampling system. Spirit and Opportunity just placed sensors up against rocks and soils but didn’t have to worry about actually acquiring a sample.


We plan to actually drill into rocks on Mars and acquire powder from the inside of those rocks and then deliver it to the laboratory in the Rover.


And, you know, that’s something we can do based on, you know, drills and things that are developed on Earth. But the challenge becomes doing it on Mars when you can never unclog anything, you can never get anything stuck that make it unstuck, and you can never clean out your system, you know, or take it apart with a screwdriver and clean it out and put it back together. All these things you can’t do when your Rover is sitting 100 million miles away from you.


So you have to design a system that can jack hammer drill into a rock that you don’t know what the rock is made out of. It could be kind of cruddy, slimy stuff. And they you have to design a system that can process that powder and (SIVIT) into the right particle sizes and then deliver it to these inlets inside the Rover and do that dozens of times without getting clogged and without getting stuck and without contaminating from one sample to the next.


This was a big challenge. And it’s actually one of the things that even caused our mission to take longer to plan than we anticipated. You may know that we were supposed to have launched two years earlier than we did.


And one of the things that caused us to delay that launch from 2009 to 2011 was the development of this sampling system.

So we think we have something that will work. It’s really this apparatus that’s at the end of the arm, shown at the bottom of this slide. It’s a big round kind of a like a wheel. We call it a turret that sits at the end of the arm.


And it has five different instruments on it. The bulk of the turret is built around the drill which is shown there with a big - about an inch - a little less than an inch actually drill bit. A three-quarters of an inch diameter drill bit and then a magnifying glass camera we can place up against rocks. We have a brush that we can brush off rock. A spectrometer and then we have this thing called (KIMRA) which is a big acronym. I won’t explain. And but basically (KIMRA) is what processes the powder we get from the drill into the right particle sizes that the instruments want to accept.


And we also have a few extra drill bits in case we do get stuck. And we have some ways of kind of shaking things and unclogging any of our (SIVs) that would get clogged up. So we have a lot of ways opening up little doors and cleaning things out and banging things on the ground that will help us get the powder unclogged if it should get clogged.


So the next slide on Slide 8 is our strategy of how we’ll operate on the surface. This is - this will kind of be maybe like two weeks in the life of the Rover. And we’ll repeat this two weeks in the life of the Rover over and over again.

We’ll start by doing remote sensing. We’ll take pictures of the landscape around us.


And we’ll maybe sample some of the rocks and soils around us with another instrument which is a laser instrument that’s located right up next to our cameras on our mast. This laser instrument will shoot a laser out at rocks and soils up to about 20 feet away and create little sparks and will actually image those sparks with a spectrometer.


And from the detailed color of the sparks the laser creates we can tell the chemistry of the rocks and soils around us.


So from up to 20 feet away we cannot only take color pictures but we can get a first cut at what the chemistry is by zapping the rocks and soils around us with a laser.


Now if that ends up finding - indicating that there’s interesting rocks and soils around us then next thing we would do is maybe drive over to that target. In general we can drive about 100 meters every (sol) on Mars. Maybe a football field length. If the ground is very flat and we can see a long ways with our cameras we can maybe do even twice that.


And along the way we’ll probably take pictures and some of the things like that.


But we’ll drive up to one of these targets we’ve identified from our pictures and we’ll do contact science. We’ll deploy our arm and we’ll put our sensors up against the rocks and soils and we will study them with even greater detail with our magnifying glass camera for example and see if the rocks and soils we first found from remote sensing are really as exciting as we thought.

And if they are - if they indicate something that would tell us about the habitability of Mars, maybe they have some interesting chemistry related to water in ancient Mars. Then we might make the decision to sample them.


If we sample them it basically takes around a week to deploy the arm, to drill into the rock, to process the powder we get with our (KIMRA) instrument and (SIVIT) to the right particle.


And then to deliver the sample to the - two big laboratory instruments and then to run those instruments to do their analyses and to relay the data electronically back to Earth.


So it takes maybe a week to do the remote sensing, the driving and the contact science. And then it takes maybe a whole other week to do the sample analysis.


So over our two year mission we hope to get a few dozen samples as we explore the region around our landing site.


And in the middle of all this sampling we’ll be doing some long drives as well. When I show you the landing site you’ll see why we plan to do some - a good amount of driving before we acquire a lot of samples.


So the next slide, I just have pictures of the spacecraft under development. First of all on Slide 9 it’s just a comparison of the size of Curiosity compared to Sojourner and Spirit and Opportunity. Sojourner was just a little test Rover that we flew in 1996, landed in ’97. Spirit and Opportunity were kind of golf cart size Rovers, solar-powered.


And then Curiosity really is the size of a car. The wheels are even wider than a typical car and the body is just a little bit smaller than a car. And the robotic arm sticking out in the front is 7 feet long and the mast that has all the cameras on it is about 7 feet tall.


The next one on Slide 10 shows the very first time we drove the Rover in the Clean Room at JPL. So one thing to notice here is just how everybody is dressed. You know since we are trying to find things like organic compounds on Mars, we needed to be very careful when we built Curiosity not to make sure - well to make sure it didn’t carry a lot of our own organic from our own bodies, you know, with us - with it to Mars.

So all the Rover during its development was built and tested with everybody wearing these suits to keep out their hair and their, you know, oils from their bodies off of the Rover to make sure that if we find any organic molecules on Mars we can be confident that they actually come from Mars.


So it was actually tough for all the engineers here at JPL to build this Rover because it was a pretty difficult to wear those suits everyday and from what I understand it’s pretty hot in this room building the Rover.


As a scientist I just benefit from all this hard work but these guys really did all the work to build it.

The next one on Slide 11 shows our parachute. It’s a huge parachute. It’s about 60 feet across. You can see a person standing in the bottom right and left underneath the parachute. This test was done up at the - one of the world’s largest wind tunnels up near San Francisco, California at Moffitt Field, Ames Research Center.


The next one, Slide 12, I just like this portrait of all the technicians who assembled the Rover. This is the first time the Rover was put together inside of its capsule that flies it to Mars.


So what you see behind all these people is how the spacecraft currently looks today flying to Mars with its heat shield there on the top. What we call the aeroshell or backshell underneath the heat shield. And then that ring with all the panels, the white panels is what we call the cruise stage.


And the cruise stage is basically a whole other spacecraft that flies the aeroshell and heat shield and Rover from Earth to Mars. So that cruise stage has its own fuel tanks, it’s only propulsion system, it’s own solar panels and the antennas is that we use when we talk to the spacecraft during the cruise to Mars.

The next one, Slide 13, shows some of the testing that we do at JPL. The left one just shows how we assemble the whole spacecraft on these - all these different cranes.

And on the right shows us what we call our space simulator. This is a chamber we have at JPL that’s about 25 feet across. And we can - once we put the spacecraft in there and get all the people out we can actually take all the air out of this chamber, create a vacuum environment. We can make the walls very cold to simulate the environment of space or Mars surface and we can shine a sun simulator. We have a solar simulator so there’s a bunch of lamps at the top of the chamber that shine with the intensity of the sun in the vacuum of space.


So we can put a lot of kind of harsh testing on the spacecraft. We can freeze one side of it while boiling the other side of it exactly like it’ll experience on its flight to Mars and then we can also simulate the conditions on Mars surface by filling the chamber with just a little bit of gas about 1% of the Earth’s atmospheric pressure to simulate what it would be like on Mars.


So before the spacecraft ever gets launched from Earth it’s already experienced space sense, already experienced Mars in the testing chamber.

The next one on Slide 14 shows the very last few minutes that the Rover saw Earth. This is just before we sealed up the Rover into the heat shield and aeroshell. And this picture is taken in Florida just as it was being assembled to be put on the rocket.


And then we launched it so kind of left out those pictures. But you can see some videos of our spectacular launch on the JPL web site and the MSL web sites.


So I want to talk briefly about our landing site. On Slide 15 this shows in yellow all the places that we’ve successfully landed on Mars with U.S. spacecraft. And you can see that a lot of our landing sites in the past have been around the equator and then Phoenix and Viking were more towards the Polar Regions, Viking 2.


The white labeled dots are the final candidates for our site for Mars Science Laboratory and Curiosity. So we initially had over 60 sites that we started looking at in 2006. And we got down to about 30.


And then we had another meeting with about 150 scientists from around the world and we got that list of 30 down to 10. And we studied those 10 for another year and we got the group together again the year later and we got it down to about 7 sites. And we studied those.


And we got the group together again and we got it down to four sites. And we studied those last four sites for I think about two years. And the whole time using our satellites that we have around Mars to get more and more data of those 4 sites.


And we studied these four places on Mars more thoroughly than anything else on the whole surface of Mars.


And each of these four sites, Holden, Eberswalde, Mawrth Vallis, and Gale Crater are spectacular places. And we only wish we had four Curiosities but we have to choose one. And so we battled it out and really it came down to which site on Mars of these four offer the best chance of accomplishing our goal of understanding Mars as a habitable planet.

So every one of these sites actually had evidence of water in the past either geologic evidence like an ancient riverbed or mineral logic evidence like clay minerals which form in the presence of water or it had a mixture of both.


But Gale Crater actually had geologic evidence for water, mineral logic evidence for water and something even more special which is a long time record of geology for us to study.


And let’s talk about that for a bit. So on Slide 16 just introduce the site here. Gale Crater is an impact crater, about 100 miles across. But inside this impact crater rather than being empty like most craters are on Mars and on the moon there’s this mountain in the middle of it. And this is what makes Gale Crater very unique.


Not many craters have a big mountain of material in them. So that immediately caused scientists to study this crater when it was first noted in about the year 2000 with one of the first orbiters in this recent phase of Mars exploration.


This mountain was discovered and it was discovered that that mound of material which we call Mount Sharp inside of Gale Crater actually is made of layered rock.


And that means it’s not native. It didn’t form with the crater but the best theory is that it was deposited in layers over time just like sedimentary rock formations on Earth.


So this is a three mile high stack of sedimentary rock inside of Gale Crater.


And we don’t know exactly how it got there. It probably was transported in by water or wind or both.


But what’s amazing is simply that it’s there, that there’s a three mile high stack of layered rock for us. And when you see layered rock on Earth geologists get very excited because layers can be translated into time. Layered rock on Earth is a record of changes over time. The lowest layers formed the oldest - the earliest. And then as you go up in the sequence of rock layers they get younger and younger and younger.


And if the layers aren’t all the same if one layer changes to the next, you have some confidence that you’re not only studying, you know, just the time sequence of layers but something has changed over time.


If the layers change in composition for example from one layer to the next, something in the environment must have changed to cause the composition of the rocks to change. And so this is what’s exciting about Gale.


If you go to the next slide, Slide 17, you’ll see kind of a cross-section of what we think the inside of Mount Sharp looks like. And you’ll see this ellipse on the ground is - and that’s our landing zone. We can land about as accurately as the - as that ellipse is showing.

You’ll see also that there’s a bluish fan. That’s kind of interesting. We didn’t choose Gale Crater for this fan but it turns out that we’re going to be landing on a fan that comes down from the crater wall that at one point water was flowing down the crater wall. And then it reached the flat area where we’re landing and spread out into a fan.


So just after landing we’ll already be on a feature that’s formed by water. But our real target is that mound itself.


And so we’ll be driving over to the mound over the course of several months after landing and then getting to the base of the mound and then climbing the mound with Curiosity one layer at a time looking at the changes preserved for us in the rocks.


Now what we really sold us as a landing site for Gale Crater was the fact that we do actually see from orbit that the layers of the rock change with time. We noticed - we can - we detect minerals from orbit using some of the satellites that we have there and it turns out that the bottom layers of Mount Sharp are made out of clay.


And then the layers above those clays are made out of sulfate salts, sulfate minerals. And then the upper layers of the mound are just made out of typical Mars dust.

Now this is really what intrigues us. This means that something at - the kind - the environmental condition that we’re going on when the bottom most layers were formed were conducive to forming clays. And what forms clays on Earth is a lot of fresh liquid water interacting with the kind of native basaltic rocks on Mars.


So we’re pretty confident that the bottom most layers of Mount Sharp are a record preserved from a time on Mars when there was a lot of fresh water running around.


Then the next layers which are the sulfate layers, tend to be associated with the kind of middle history of Mars when we think the amount of water on Mars was decreasing, the atmosphere was being lost and Mars was transitioning from a wet Mars to a dry Mars of today.


And so as the water was evaporating all across Mars it was leaving behind salt deposits. And these sulfates salts which are preserved at Gale in these middle layers are likely from that time period and will tell us about that transition between the wet clay bearing Mars and the very dry dusty Mars of today.


And then the top most layers in the mountain are just simply made out of dust. And they’re most likely dating from a more recent time in Mars history when it was very dry and dusty just like it is today.


So I hope that makes sense, you know, that now you’re getting the picture of why we’re so excited about Gale which is that in a single mission with a single Rover we can drive through layers that will tell us about over a billion years of early Mars history. You know it’s like a time machine. We’ll start at the bottom in the most ancient time period of Mars when all the water was present. And we’ll drive, you know, forward in time to the middle period of Mars when all the water was being lost.

And then hopefully by the end of the mission we’ll hit modern Mars with all this dusty layers at the top, near the top of the mountain.


One more slide about that and Slide 18 just a picture of the Grand Canyon showing that (JL) just used the same idea of studying layered rocks as a record of environmental change on Earth all the time. And then Grand Canyon is a wonderful example of that where you have ancient rocks from almost I think a billion year old rocks on the bottom of the Grand Canyon and then the upper most rocks are much more young.


And by studying layer after layer in the Grand Canyon you can piece together the history of the southern Southwest United States. In the same way by studying layer by layer in Gale Crater we hope to piece together the history of early Mars.


And of course ask whether any of those time periods were habitable environments.


So I think the final slide I have here is what’s going to be happening two weeks from yesterday. This is the part that of course makes us all completely nervous and terrified.


But I can at least tell you that being around this project for eight years and watching our engineers think through the best way of landing this Rover and the safest way honestly landing this Rover this is it. It certainly doesn’t appear that way at first glance.


But when you have a one ton Rover to land and you’re trying to learn from all the different things we’ve learned from landing on the moon and Mars and anywhere else we’ve gone, this is the system that will best do the job.


So just before we get to Mars, maybe a couple hours before we get there we talk to the spacecraft for the very last time. And from that point on the Rover itself flies itself down to the surface. It’s under its own control by its own computer.


And we just sit back here on Earth and watch the data come in and hope it all goes well.


Just before it hits the top of the atmosphere that cruise stage that propelled it from Earth to Mars and navigated it from Earth to Mars will separate leaving the aeroshell ready to enter. The aeroshell will then turn and face Mars. And it’ll begin to sense the upper atmosphere and heat up with the heat shield.


We then do something that we’ve never done at Mars before. Yet we do it all the time with the space shuttle and the Apollo capsules as well which is called guided entry. And guided entry is actually using that aeroshell as kind of like a wing. You actually tilt the aeroshell a little bit and you generate lift like an airplane wing and use that to actually fly through the atmosphere under your own control.


So it’s not just dropping like a brick as we’ve done in previous landings on Mars. We actually are steering the spacecraft through the upper atmosphere and aiming it more precisely at the landing site while we’re doing that.


So this allows us to land in a small area that we can fit inside Gale Crater for example. None of our previous landing systems could have fit inside of Gale Crater.


After that guided entry phase a parachute comes out and the heat shield comes off. And then after a few more minutes on the parachute the Rover and what we call a dissent stage fall out of the parachute and basically the Rover is attached to a rocket jetpack with eight rocket engines and that rocket jetpack flies the Rover down the last mile to the surface.


Once the Rover and the jetpack get close to the surface, maybe I think about 30 or 40 feet above the ground, that jetpack starts lowering the Rover down on some tethers. And drops the Rover off going about maybe one mile an hour and the Rover absorbs its landing on its own landing gear which is its own wheels.


And so we touch the Rover down on its own wheels and upon the touch down the cables are cut. The rocket jetpack throttles up and flies away, gets safely away from the Rover before it crashes.


And then the Rover is ready to go. So hopefully we’ll talk to the Rover right at landing and then again two hours later and then immediately at about midnight on August 5th here in Pasadena about 300 scientists will come flooding into JPL and begin planning the very first day of science on Mars.


So that’s, you know, the way we all hope it unfolds in two weeks.


And with that I think we’ll just open it up for questions.
Vivian White:
Thank you so much. That was really incredible. And incredible talk about just an amazing mission. Wow.


Did you get to the last slide to show where there’s more about Curiosity or did I cut you off too early?

Dr. Ashwin Vasavada:
No. You can just look at that at your leisure and...
Vivian White:
Great.

Dr. Ashwin Vasavada:
...I don’t need to talk about it.

Vivian White:
Wonderful. And I - we’re going to open up for some questions now.


Operator can you go ahead and tell people how to do that?

Coordinator:
Thank you. At this time if you’d like to ask a question please press star 1. Please make sure you unmute your phone and record your name clearly when prompted so I may introduce your question. If you’d like to remove your question you may press star 2.

Vivian White:
Great. I hear - if you guys check on the resource download where all the information about this teleconference is, you’ll see they have this video from - not the JPL. They have a link to the video called the Seven Minutes of Terror which is really heart pounding about how they’re going to enter the atmosphere and descended land on Mars. It’s wonderful. It’s a great video that they’ve made.


Also I hear there’s going to be extensive coverage that night of the landing on NASA TV so be sure to tune in for that because I think that will also be really interesting. We might waive to you on NASA TV that night.

Coordinator:
And we do have a few questions in the queue.
Vivian White:
Okay, great.

Coordinator:
Our first one comes from (Kevin Richardson). Your line is open.

(Kevin Richardson):
Hey Ashwin, how are you doing?

Dr. Ashwin Vasavada:
Great.

(Kevin Richardson):
Great presentation. Very understandable, really enjoyed that.


So this is kind of a war of the worlds in opposite, right?

Dr. Ashwin Vasavada:
Right.

(Kevin Richardson):
So we’re planning the softer Rover and it’s going to shoot laser beams at it when it gets there. That was funny.


Hey two dumb questions for you real quick. One of them is, okay, so the crater, the Mount Sharp thing, you guys don’t think that’s part of the asteroid or whatever that hit.

Dr. Ashwin Vasavada:
That’s right.

(Kevin Richardson):
That hit, okay, I mean...
Dr. Ashwin Vasavada:
Yes, so other craters - most craters do have a small, what we call a rebound peak like when you see the milk drop experiment in slow motion. You know you get the little rebound of the droplet. That happens in impact craters but it’s a much smaller mountain.

(Kevin Richardson):
So hopefully it’s genuine Mars surface.


And the other question I have, everybody, you know, the sky crane, right. But won’t the jets coming down, will that affect the lander, you know, exhaust?
Dr. Ashwin Vasavada:
Yes, it can. We expect we’ll kick up a bunch of dust and we might wake up with a kind of a dusty dirty Rover.


But on the other hand that’s one of the things we’ve learned from landing several times now on Mars and other planets which is you’d like to keep the rockets as far away from the surface as possible. They really - things really get nasty when the rockets are just about to, you know, when you’re just about to set down on another planet like on the moon landing. The rockets got very close to the surface and they really kicked up a lot of dirt and dust and dug holes in the ground.


By using the sky crane the rocket novels themselves, never get closer than, you know, tens of feet above the ground. And that really helps minimize the damage.

(Kevin Richardson):
Right. And they’re not pointed to land or they’re pointed out to the sides or...
Dr. Ashwin Vasavada:
Pointed out to the sides, exactly.

(Kevin Richardson):
All right, man, appreciate it, great presentation.

Dr. Ashwin Vasavada:
Thanks.

Coordinator:
Our next question comes from Skip Bird. Your line is open.

Skip Bird:
Thank you. Hey well mine’s related to the other guy’s questions about the mountain, Mount Sharp.

How - I mean so for that to be a deposited mountain that crater has to be very, very old.

Dr. Ashwin Vasavada:
That’s right. Yes, we think just based on its size statistically we think that crater dates from pretty early in Mars history, you know, maybe three, three and a half billion years.


And then, you know, and this landing site just is really fascinating. You know that mountain is three miles high. And the top of the mountain is actually above the crater rim in several places.

Skip Bird:
Well how big is the crater?

Dr. Ashwin Vasavada:
Yes, the crater is about 100 miles across. And the mountain is three miles high and maybe - I know exactly, maybe 30 miles in diameter. So it’s a giant mountain.


And the fact that it’s actually taller than the crater means that what we’re seeing really in Mount Sharp is just the remnant of a much more extensive set of sedimentary deposits. We actually think there were sheets of sediment that covered the crater completely and nearby craters as well.


And something else has stripped all that rock away and just left a relatively small, you know, mountain in the middle of this crater.

Skip Bird:
Well it looks pretty exciting and good luck.

Dr. Ashwin Vasavada:
Yes, thanks a lot.

Coordinator:
Our next question comes from (Susanne Gert). Your line is open.

(Susanne Gert):
Hey. I was curious about just how smart the Rover is. Is it making many decisions for itself or does it not make a move at all except with the instructions that you have given it? Is there any kind of decision making onboard there?

Dr. Ashwin Vasavada:
Yes, that’s a good question. There’s no - how do you describe this? There’s no like higher level decision making like it doesn’t decided what it wants to do on a particular day.


But once we make a general plan for it like drive 50 meters to that rock over there, it actually is smart enough to figure out a path to that rock that won’t get it self hurt. So we’ll kind of point it in a direction but it can actually avoid obstacles and avoid high slopes for example.


So it’s pretty smart at executing the higher level instructions that we give it. And it’s also very smart in terms of protecting itself. That’s one thing we spend a lot of time teaching it to do through thousands and thousands of line of software is to always double check every sensor reading it does of itself, always make sure that the humans on Earth aren’t telling it to do something stupid.


So it will ignore us if we tell it to do something that will harm it. And it will give us a chance to reassess our thoughts. It also flies itself down to the ground. You know that’s something that we’ll have to remind people in two weeks that even though we’ll all be on TV, you know, looking pretty fancy in our Control Room here, we’re actually not doing anything. You know we have to teach this Rover to make it down to Mars on its own because at the very least because it’s a 14 minute delay by the speed of light. And there’s just no way we could help it as its trying to land.

(Susanne Gert):
Wow. So during that guided entry it’s guiding itself. It’s making decisions during the guided entry.

Dr. Ashwin Vasavada:
That’s correct. It’s actually sensing through accelerometers onboard. It’s sensing as it’s being buffeted by the atmosphere and it’s sensing if the atmosphere is thick as I expected it to be for example. And if its not as thick as it’s expected to be and its actually falling too fast it will kind of pull up on the stick and try to gain more altitude. Or if the atmosphere is thicker than it thought and its not falling fast enough it’ll kind of push the nose down and try to go deeper.
(Susanne Gert):
Okay, very cool. But my daughter’s been involved in the First Robotics Tournament. And so she was actually the one who was curious about that.

Dr. Ashwin Vasavada:
Okay, excellent.

(Susanne Gert):
How much onboard smartness there was, onboard intelligence and the decision making based on sensors and things like that and how much you had to program every single line. So it sounds like you’re definitely - the Rovers are getting smarter.

Dr. Ashwin Vasavada:
Yes. I mean every day - with the way we operate this Rover is that we only talk to it once a day. So we send it a full day’s worth of commands, take this many pictures, drive over here, extend your arm out, scoop this, you know. And it’ll do it all on its own for about six hours. And then it will beam the data back to us on Earth.


So, you know, we really have made the Rover smart enough to carry out all of the high level instructions that we give it.

(Susanne Gert):
Excellent, thank you.

Coordinator:
The last question, we’ll take...
Vivian White:
Yes. We have time for one more question.

Coordinator:
Okay, we’ll take our last question here from (Willard Sperdick). Your line is open.
(Willard Sperdick):
Okay. My question was that given that the purpose of the Curiosity is to discover possible indications of Mars’ previous ability to be inhabited by life; I was wondering if there was any mechanism onboard the Curiosity in order to detect any potential microfossils.

Dr. Ashwin Vasavada:
Yes. We have our magnifying glass camera. So while it’s not a microscope if there’s any fossils, formations or textures in rocks that would indicate life that are big enough for a magnifying glass to find then we would be able to see it.

(Willard Sperdick):
Right. So the Curiosity would be able to detect say the Martian equivalent of stromatolites, right?

Dr. Ashwin Vasavada:
That’s correct. You know if we found something like stromatolites which are these ancient life forms on Earth that come - that show us, things you could see with your eyes even, patterns in rocks, we would all jump up and down and publish lots of papers.

(Willard Sperdick):
Thank you very much. I’m really excited. I’m looking forward to whatever Curiosity finds.

Dr. Ashwin Vasavada:
Great, thanks.

Vivian White:
Oh everybody thank you so much for great questions and for such a great evening. Last but not least I want to give away the Destination Mars book.


So if we could clear the lines and then (Jaden) if you could help us and tell us how to dial in to get inline for the Curiosity - I’m sorry. For the Destination Mars book, I’ll take the fifth caller who calls in because August 5th is our touchdown date.

So (Jaden) if you could just tell us about that.

Coordinator:
Once again to go ahead and queue up for the book you may press star 1 at this time.

Vivian White:
Okay, everybody cross your fingers. And then you just tell me when the fifth person calls in. All right, it looks like we’ve got (Ram White) is the winner.


(Ram) I will be getting you the book Destination Mars. If you don’t hear from me in the next day send us an email to nightskyinfoastrosociety.org.


And so keep a look out for that.


Oh Dr. Vasavada it’s been just a pleasure hearing from you. Thank you so much for speaking with us tonight. We really appreciate it.

Dr. Ashwin Vasavada:
Absolutely. Thanks everybody for your interest. And we look forward to giving you a good show in two weeks.

Vivian White:
Excellent.

Dr. Ashwin Vasavada:
All right, thanks so much.

Vivian White:
Thanks everybody for joining us. Here’s hoping for clear skies August 5th. We’ll be looking for - looking at Mars with any luck and I’m looking forward to hearing about all the events you guys have planned.


You can find the telecon, this telecon and the transcript on the Night Sky Network by the end of next week.


Good night everybody. Thanks so much.

Dr. Ashwin Vasavada:
Good night.

Coordinator:
Thank you for participating in today’s conference. You may disconnect at this time.

END

