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Appendix–NASA’s Mars Missions

NAME LAUNCH DATE RESULT DETAILS
Mariner 3 1964 Failure Shroud failed to jettison

Mariner 4 1964 Success Returned 21 images

Mariner 6 1969 Success Returned 75 images

Mariner 7 1969 Success Returned 126 images

Mariner 8 1971 Failure Launch failure

Mariner 9 1971 Success Returned 7,329 images

Viking 1 Orbiter/Lander 1975 Success Located landing site for Lander 
and fi rst successful landing on 
Mars

Viking 2 Orbiter/Lander 1975 Success Returned 16,000 images and 
extensive atmospheric data and 
soil experiment data

Mars Observer 1992 Failure Lost prior to Mars arrival

Mars Global Surveyor 1996 Success Mapped Mars. Discovered 
layered terrain as well as recent 
water activity

Mars Pathfi nder 1996 Success Technology experiment lasting 
5 times longer than planned for

Mars Climate Orbiter 1998 Failure Lost on arrival

(continued )
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NAME LAUNCH DATE RESULT DETAILS
Mars Polar Lander 1999 Failure Lost on arrival

Deep Space 2 Probes 
(2)

1999 Failure Lost on arrival (carried on Mars 
Polar Lander)

Mars Odyssey 2001 Success High resolution images of Mars

Mars Exploration 
Rover— Spirit

2003 Success Operating lifetime of 2210 days 
working on Mars, more than 24 
times design life

Mars Exploration 
Rover— Opportunity

2003 Success At the time of publication still 
operating after more than 3675 
days working on Mars, more 
than 40 times design life

Mars Reconnaissance 
Orbiter

2005 Success Returned more than 26 terabits 
of data (more than all other 
Mars missions combined)

Phoenix Mars Lander 2007 Success Returned more than 25 gigabits 
of data

Mars Science Labora-
tory

2011 Success Now exploring the habitability 
of Mars

Mars Atmosphere and 
Volatile Evolution

2013 En route On the way to Mars

Source: NASA



 FIGURE 1. An artist’s depiction of the Curiosity rover, with her arm positioned for 
drilling. (Courtesy of NASA and JPL/Caltech)



 Prologue xv

In a single unchoreographed moment we are all on our feet, thrilled and 
relieved, our hands thrust in the air. We are hugging each other and trading 
high- fi ves. I notice two of the guys trying to high- fi ve, both so excited that 
they keep missing, until fi nally one grabs the other’s arm, holds it steady, and 
slaps the now- motionless hand. Th e two, like several others, look as if they 
could break out in tears of grateful relief at any moment. I’m feeling the same. 
It really worked!

I walk into the room where invited guests have been watching and get a 
hug from longtime Hollywood actress and space fan June Lockhart, known 
for her roles as the mom in Lassie and of the Lost in Space family. I also get a 
big congratulatory smile from rapper will.i.am.

More than $2 billion has been gambled on this eff ort, while through the 
years our confi dence of success in the mission eroded before gradually inch-
ing back up again. For so long it had seemed just too damned complex, with 
far too many paths to failure, leaving me at one point telling a team member, 
“It may be that nobody on Earth is smart enough and skilled enough to make 
this work.” Yet we have stuck with it, seen it through, and found the ways to 
make it work, aft er all.

Soon the baton will change hands. Our ten years of work has been a pre-
lude to what comes next, the purpose of the whole endeavor, when the sci-
entists start their hunt for new knowledge about our sister planet. Th is will 
begin with exploring the area around the landing site on Gale Crater, and 
later, we hope, a trip to the foot of the mountain in the distance— places 

FIGURE 2. MSL’s control room staff  at JPL, just aft er hearing, “We’re safe on Mars.” Rob 
Manning is seated at center left , wearing earphones. (Courtesy of NASA and JPL/Caltech)
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rover to swing away from vertical, but this would not cause the descent stage 
to tilt. It would continue its controlled vertical descent.

Of course! Simple, but brilliant.
Th e next day, we brought this idea to the larger group to mull over. Joel 

Krajewski had drawn a cartoon of what this EDL and landing might look like. 
Th ere was a lot of discussion both for and against. I could sense the devel-
opment of two camps within the bubbleheads. One group was as cautiously 
enthusiastic as I was and another larger group thought the idea was too far 
out there. Several of them argued that controlling something swinging on the 
end of a rope was going to be next to impossible. We had to admit that none 
of us had ever heard of a solution for controlling a heavy object swinging 
freely under rocket power.

In particular, my old Pathfi nder EDL colleague Sam Th urman was skepti-
cal that using throttled rockets would be suffi  cient to control the touchdown 
speed of a rover hanging below. He was concerned about wind, oscillations, 
and other pendulum- like dynamics. “Rob,” he said, “while I have to admit it 
might work, as of today we do not know how to control a hanging rover with 
the precision needed to land directly on its wheels. Th is is a pendulum. Th is 
is not a controlled system— it’s going to swing. It could be uncontrollable.”

FIGURE 7. Rob Manning’s confi guration of bridle “ropes” (at left ); Miguel San Martin’s 
version (at right). In the fi rst version, tilting of the rover would cause tilting of the 
descent stage, which could cause the rover to be dragged across the surface, while with 
the second version, any tilting of the rover would not cause the descent stage to tilt. 
(Courtesy of NASA and JPL/Caltech)
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to the test bed computers, and with the soft ware team to test their soft ware. 
Th is frequently turned the test bed into a war zone, with frustration and anx-
iety fl aring between the rover test team and the cruise and EDL test teams.

Th ese design fl ip- fl ops continued beyond MSL’s fi rst mission concept 
review in October 2003, and beyond the second over a year later. Only by 
late 2005 did we fi nally reach the point of having a solid system design con-
cept. On its journey to Mars, the rover, like a Russian doll, would be tucked 
up within the aeroshell, made up of the backshell and the heat shield. On top 
of the aeroshell is the cruise stage, which enables the rover’s journey through 
space by providing it with electrical power, sun-  and star- sensing equip-
ment, and radio antenna, as well as housing the thrusters and fuel for making 
course corrections along the way.

Th e backshell provides thermal protection for the rover and descent stage 
during entry, as well as storage for the parachute. Th e descent stage contains 

FIGURE 8. Major components of MSL. During the fl ight to Mars, the descent stage 
and Curiosity rover are enclosed within the “aeroshell,” comprising the backshell and 
heatshield. (Courtesy of NASA and JPL/Caltech)
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THE LABORATORIES
Sample Analysis at Mars (SAM)
PI: Paul Mahaffy, NASA Goddard Space Flight Center
Th e rock star of MSL’s payload, a fantastically intricate “suite” of three instru-
ments: Gas Chromatograph (GC), Quadruple Mass Spectrometer (QMS), 
and Tunable Laser Spectrometer (TLS). In the fi nal design, SAM would 
receive rock and soil samples via one of two small doors on the top deck of 
the rover. It would perform chemical and atmospheric analyses to detect and 
quantify how much of what chemicals were in each sample, and in the air, by 
measuring atomic and molecular weights of the material as it is heated and 
turned into a gas.

GC and QMS work together to fi rst separate (GC) and then detect (QMS) 
parts per billion levels of complex organic compounds and other molecules. 
Th e TLS would precisely measure isotope ratios of carbon and oxygen in car-
bon dioxide and measures trace levels of methane in the Mars atmosphere. 
Mahaff y’s team at Goddard would design and build the GC and the QMS, 
while the TLS instrument would be designed and built by a team at JPL.

FIGURE 9. Locations of the ten science instruments aboard MSL. (Courtesy of NASA 
and JPL/Caltech)
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Th ough more than mildly irked, Joe good- humoredly shot a little video of 
his young son watching a child’s Big Loader truck as it loaded and stored a pile 
of marbles in a remarkably complicated sequence of moves. Joe showed the 
video to all of us as a demonstration that the new assignment he had been given 
was valid: sample handling and delivery could be done with only a single motor.

In the new design, the smaller second arm was now gone and in its place 
was a complex arrangement of actuators and mechanisms. Well done, except 
that they would take up space that had been allocated for some of the sci-
entifi c instruments. Worse, the robotic arm they would be mounted in had 
grown signifi cantly in weight, now weighing about as much as my young 
daughter did at that time— about 60 pounds (27 kg).

As a small trade- off , the team wisely discarded the corer. Th e science advi-
sors agreed it wasn’t absolutely necessary to core the rock. Th e new arrange-
ment instead called for drilling with a percussive device similar to the kind you 
can buy at Home Depot. MSL’s version, though, would be a spinning percussive 
chisel to grind the rock into a fi ne powder. Th at left  the challenge of fi guring out 
how to capture the ground rock and transfer it into a device that could sieve it 

FIGURE 10. MSL’s sample handling begins at the tip of drill (or scoop) and ends inside one 
of SAM’s pyrolysis ovens or inside one of ChemMin’s X- ray diff raction cells. Th e number 
and complexity of the processed surprised even the most experienced sample processing 
engineers. (Courtesy of NASA and JPL/Caltech)
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could be done by adding Kevlar ribbing— even though this was at the expense 
of making the chute heavier, in a situation where every pound counts.

When they tested the new design, a strange thing happened. While it was 
opening, the chute appeared to turn inside out and tore itself to shreds. Th at 
didn’t seem to make sense. How could a parachute turn inside out?

Our parachute team had of course installed a battery of high- speed cam-
eras fi lming each test. But the high- speed cameras were not high- speed 
enough: Th ey had not captured enough frames of the action to reveal what 
happened.

For the next round of tests, the team loaded the test chamber with video 
cameras that operate at still higher speeds. Th e chutes shredded as before but 
this time the videos revealed what was happening. Aft er weeks of hand wring-
ing, analysis, and debate, we discovered that the parachute was fi lling up with 
air in exactly the opposite direction than it would on Mars. In the supersonic 
conditions at Mars, the parachute infl ates from the bottom to the top like an 
umbrella. In the wind- tunnel test, we could clearly see that it was infl ating 
from the top to the bottom, like fi lling a water balloon upside down. Th is 
backward infl ation allowed enough time for the fabric at the mouth of the 
parachute to cross over and turn inside out.

FIGURE 11. Locations of the seventeen cameras aboard MSL. (Courtesy of NASA and 
JPL/Caltech)
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of course would have to be programmed in advance, might instead take a pic-
ture to early or too late, or that wasn’t pointed accurately enough to include 
Phoenix. Aft er sweating over the math, the MRO team and I were able to 
prove there was a better than 50/50 chance of getting a single good picture 
timed to capture an image of the parachute, an image that might just turn out 
to be crucial to the success of MSL.

In the end, the decision had to go all the way up to NASA headquarters’ 
Mars Program director. Th ough some at JPL still felt it wasn’t worth the risk, 
we got a “go” just two weeks before the arrival of Phoenix at Mars.

* * *

FIGURE 12. Image of the Phoenix spacecraft  as it descended on its parachute in front 
of Heimdall Crater in May 2007. (Courtesy of NASA, JPL/Caltech, and the University 
of Arizona)
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FIGURE 13. Th e fully built rover. Th e rover is 9.5 feet (2.9 m) long and about 9 feet (2.7 m) 
wide, and the top of the mast is about 7 feet (2.2 m) above the surface. A time- lapse video 
of the construction is online at CuriosityRover.info. (Courtesy of NASA and JPL/Caltech)

instructions for detecting when something went wrong, and instructions on 
how to correct the problem or work around it. Anything that could take the 
rover down— short of a major catastrophe like losing a wheel— needed to be 
fi xable. If a radio died, for example, the soft ware must be able to detect that 
and switch operations to another radio.
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To me it was a wonderfully symbolic moment. It was reassuring to see the 
rover operating as a completed system. Finally. Still, there were some aspects 
to the drive I was quite nervous about. Th e soft ware that was controlling it 
was— even this late in the game— still a preliminary version, so we weren’t 
sure yet that the code would do a good job monitoring that the motors were 
not overheating. Anxious over whether the soft ware was doing its job prop-
erly, I kept racing into the ATLO control room and peering over the shoulder 
of the test engineer to make sure that the data fl owing from the rover was tell-
ing us everything inside it was still normal.

Some twenty minutes crept by before the rover reached the fi rst speed 
bump. A front wheel slowly rose about a foot over the top of the bump, and 
slowly down the other side without a problem. Th ese two tests were just 
enough to give us confi dence that the rover was built properly and that the 
equipment worked. Th ese were the only drives Curiosity would make before 
landing on Mars, with most of the testing being done with the test bed rover.

For all of us, this was an exciting milestone. Finally we had a sense that we 
were really going to get there.

FIGURE 14. Curiosity on its second and fi nal— and most demanding— test drive. In the 
lab, the engineering team had it negotiate “speed bumps” in order to evaluate its ability 
to travel over uneven Martian terrain. (Courtesy of NASA, JPL/Caltech)
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Operations Systems chief engineer and former manager of the fi rst Mars 
rover, the little Sojourner, who had passed away just days aft er the landing.

Like the Coronation results, these analyses showed this basaltic “lava” rock 
to be unlike any other ever found on Mars. It contained lower quantities of 
iron-  and magnesium- rich minerals and far more silica- rich minerals than 
basalts that have been studied on Mars. Th is suggests that, just as we have dis-
covered on Earth, Mars once had complex geologic processes that created a 
diversity of minerals in the bulk of the ancient bedrock. While it isn’t yet clear 
what this means in the search for possible ancient life on Mars, it reinforces our 
belief that Mars is like Earth in many ways and shares some of Earth’s diversity.

FIGURE 25. Pyramidal rock selected as the fi rst target for APXS, MAHLI, and ChemCam 
laser trials. Th e ancient, wind- worn basalt revealed clues about the origin and diversity of 
the Martian interior. (Courtesy of NASA, JPL/Caltech, and Malin Space Science Systems)
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FIGURE 3. An artist’s rendering of a legged lander, used on the Phoenix Mars mission. 
(Courtesy of NASA and JPL/Caltech)

FIGURE 4. An artist’s rendering of an airbag lander, designed to bounce onto the surface, used 
on the Spirit and Opportunity missions. (Courtesy of NASA, JPL/Caltech, and Dan Maas)
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so that the lander came to a stop just inches above the ground? I would have 
loved to do exactly that; it would have made the airbag design and test job a 
lot easier. But we just couldn’t get that approach to work. With uncontrolled 
solid rockets and a parachute pulling this way and that, we just did not have 
the control of the lander’s speed and position above the ground to permit a 
close- to- the- ground stop.

Th e designs for other missions, in contrast, had used throttled engines 
(Viking) or pulsed engines (Polar Lander) that controlled the speed and 

FIGURE 5. An artist’s rendering of the pallet lander originally considered for MSL. 
(Courtesy of NASA and JPL/Caltech)
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position of the lander hanging below. Could those two approaches be com-
bined? I put this option and others similar to it on my taxonomy chart.

To review the possibilities, I got together with fellow bubblehead Steve 
Jolly from Lockheed and with Dara Sabahi, my old friend and JPL’s chief 
mechanical engineer, who is blessed with a fantastic sense of technology 
rights and wrongs. I trusted their instincts, knowing they would not be put  
off  by silly combinations of ideas.

We gathered at a long table in the windowless conference room we had 
been using on the fourth fl oor of JPL’s Building 264, and went through 
the taxonomy drawings I had made. When we got to my tree with land-
ing architecture options, I pointed out one particularly kooky notion of a 
system that combined two elements: the precision- controlled propulsion 
design concept from the Viking and Polar lander projects, and the sus-
pended propulsion confi guration of Mars Pathfi nder. If a Pathfi nder- like 
lander or rover had more precise control of its rockets, this propulsion 
system as part of an “entry and descent stage” might be able to lower the 
lander closer to the ground and slow its descent enough to make a super- 
soft  touchdown.

FIGURE 6. Rob Manning’s design taxonomy chart of early 2000, showing all of the 
diff erent possibilities for landing that the engineering team could conceive at the time. 
(Courtesy of NASA and JPL/Caltech)
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were particularly dangerous. In fact, all four showed very high probability 
of success.. For me this was a huge milestone. For the fi rst time it wasn’t the 
spacecraft  engineers saying, “No, we can’t land there.” Now the science com-
munity could argue the pros and cons for each site strictly on their scientifi c 
merit. I began to feel that taking this huge gamble to change the very archi-
tecture of how we landed on Mars was already paying off .

Curiosity’s landing area was going to be so much smaller than for any pre-
vious mission that the scientists were bound to be pleased. In fact, none of the 
proposed sites would have been possible to land on without our new guided- 
entry tactics. Th e smaller landing area meant Curiosity would not have to 
spend much of its lifespan just trekking across the landscape to its intended 
location or having to contend with hills too steep or areas strewn with large 
boulders blocking the path. If all went according to plan, our rover would be 
landing much more accurately tucked into the selected area, within a landing 
ellipse only 12 miles by 4 miles (20 km × 7 km), about one- fi ft h the size of the 
landing area dimensions for any previous Mars lander.

FIGURE 15. Th e landing ellipses here show the accuracy of Curiosity’s guidance as 
compared to that of earlier Mars missions. Without the use of autonomous entry 
guidance, MSL would not have been able to land reliably inside Gale Crater. (Courtesy 
of NASA and JPL/Caltech)
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Th at was the good news. On the downside, Curiosity might still have to 
drive about 12 miles (20 km) to the target of greatest interest, the base of 
Mount Sharp. At the rover’s snail’s pace across the Martian surface, the jour-
ney would take about a year.

When the voting by the scientists at the fi nal landing workshop ended in a 
tie, John Grotzinger turned the decision over to MSL’s project science group: 
the principal investigators and builders of the rover instruments. It was their 
decision that ruled. John says that, fi nally, “Like morning mist rising in Ken-
tucky, there was a rising enthusiasm for Gale.”

Aft er years of advocating for Eberswalde, even John had found that Gale 
Crater was the most compelling site. He was personally pleased with the 
choice but concerned that NASA headquarters would balk, since all the avail-
able information suggested that any important scientifi c revelations would 
have to wait until Curiosity could plod its way across the twelve- mile stretch 
to reach the base of Mount Sharp. One statement from NASA headquarters 
contained a hint of displeasure, suggesting that if Curiosity were to die while 
trying to get to Mount Sharp, “We will have nothing to show, which would 
mean a huge waste of taxpayer dollars.” Th e facts would turn out diff erently.

John enrolled a team to study the proposed Gale site, and they came up with 
the evidence he was hoping for: Photographs from the Mars Reconnaissance 

FIGURE 16. John Grotzinger (standing at front), speaking before an independent review 
panel and MSL project management team, makes the case for why Gale Crater was the 
best and safest choice. (Courtesy of NASA and JPL/Caltech)
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Using the same strategy as a glider pilot approaching the runway, extra 
speed was being maintained for safety: It would provide freedom to maneu-
ver and make corrections in case of an unexpectedly low or high air density, 
high- altitude winds, or a similar surprise. Th e unneeded speed was shed 
quickly, as the computer sent commands for rolling the aeroshell to the left  
or right, banking as needed. Eight large thrusters controlled the aeroshell’s 
roll orientation, giving her the ability to fl y large, lazy S- turns in the sky as 
she slowed with the drag of the heat shield and her computer continued to 
adjust the fl ight path. Th ere was no danger of landing on top of Mount Sharp 
or on the mountainous rim of Gale Crater.

Th e Martian atmosphere has enormous variability compared with Earth’s. 
Th e air pressure at a given location is known to swing as much as 10 percent 
in a single sol. Th at would be like the air in Santa Monica becoming as thin 
as Denver’s in a single aft ernoon. We could not know in advance how thin or 

FIGURE 17. MSL’s entry, descent and landing (EDL) sequence of events, starting with 
cruise stage separation about ten minutes before entry into the Mars atmosphere and 
ending at landing about seven minutes aft er entry. An animation of this sequence is 
online at CuriosityRover.info. (Courtesy of NASA and JPL/Caltech).
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thick the Martian CO2- laden atmosphere would be. Cold air would be settled 
low and dense on the surface; if warm, it would be high and thin. Without 
the lift  from the heat shield and the slow bank maneuvers to guide it to the 
landing spot, the uncertainty in the air density alone would result in a huge 
range of more than 75 miles (120 km) in the area where the rover might ulti-
mately land.

Within two minutes, the heat shield glowed at temperatures of thousands 
of degrees while the rover deceleration force grew to an immense 15 Earth 
gees of force. At that deceleration rate, a 150- pound (68 kg) astronaut would 
feel as if he or she weighed 2,250 pounds (1,020 kg) and, without a special 
anti- gee suit, would likely pass out.

Th e craft  was now fl ying horizontally about 6.2 miles (10 km) above the 
surface and nearing the starting edge of its landing ellipse. Th e speed had 
slowed to 1,000 mph (470 mps)— still fast, nearly twice the speed of sound, 
but now slow enough for deploying the huge supersonic parachute that had 
given us so much anxiety.

FIGURE 18. Rocket thrusters orient the entry vehicle as it approaches the top of the 
Martian atmosphere. Th ey continue to fi re to ensure that the vehicle stays on track 
toward the north plains of Gale Crater as it decelerates. (Courtesy of NASA and JPL/
Caltech)
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Next, the ballast weights attached to the backshell of the entry vehicle 
were launched overboard in a maneuver we call “Straighten up and fl y right.” 
No longer canted to produce lift , the rover now fi red the pyrotechnic device 
that lighted off  the mortar cannon containing the 100- pound chute. Within 
two seconds, a disk of orange and white nylon fabric, 70 feet (21.5 m) in 
diameter, was violently dancing behind. It quickly slowed the rover.

With the parachute taking over the job of slowing the descent, the heat 
shield was allowed to separate, and it fell away.

Almost everything to this point had followed the tried- and- true land-
ing architectures used on all six successful US Mars lander missions, starting 
with the venerable twin Viking landers in 1976.

At 200 mph (320 kph) and 5 miles (8 km) above the surface, the radar 
mounted on the descent stage began to sense the speed and distance to the 
ground. When about 0.6 mile (1 km) above the surface, the rover with its 

FIGURE 19. At just the right moment, the supersonic parachute is launched from a 
mortar cannon at the top of the vehicle, slowing the vehicle to less than 200 mph (322 
kph). (Courtesy of NASA and JPL/Caltech)
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descent stage backpacked on top fell away from under the backshell and para-
chute, which continued to descend to the surface. Th e eight large throttled 
rocket engines fi red and quickly made a divert maneuver to avoid hitting the 
backshell and the parachute, and then slowed the craft  until all horizontal 
motion across the surface stopped. Curiosity was now headed straight down 
at about 70 mph (113 kph) and was continuing to slow.

From here on, what made MSL’s landing system so obviously diff erent was 
the sky crane maneuver that was now about to begin.

By this time the craft  had slowed to less than 2.5 feet per second (0.75 m/s). 
Only 75 feet (23 m) above the ground, the rover released herself from the descent 
stage onto her three nylon and Vectran bridle ropes, which paid out gradually 
along with an electrical cable that carried the communication between the rov-
er’s computer and the descent stage electronics.

As the rover lowered, the small explosive charges released the rover’s six 
wheels from their stowed position, and they snapped into place. Th e rover now 
hung 25 feet (7.5 m) below the descent stage as it continued its slow approach.

Soon all six wheels made contact with surface. As the descent stage con-
tinued to drop, the rover sensed the change in the rocket thrust and recog-
nized that the rover had landed.

FIGURE 20. About a mile (1.6 km) above the ground, the rover and its “jet pack” are released, 
and the descent engines fi re to continue the slowing. A multibeam radar on the descent 
stage informs the rover of its height and speed. (Courtesy of NASA and JPL/Caltech)
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FIGURE 21. Seventy feet (21 m) above the surface, the rover is released from the descent 
stage at the start of the sky crane maneuver. (Courtesy of NASA and JPL/Caltech)

FIGURE 22. Th e rover gently lowers to the surface. Once the rover’s weight has been 
removed from the descent stage’s load, the rover instructs the descent stage to fl y away. 
(Courtesy of NASA and JPL/Caltech)



188 Mars Rover Curiosity

In the fi nal step, the rover told the descent stage to stop, the connecting 
cords were severed, a fi nal command to “Fly Away” was sent to the descent 
stage, and the last electrical cable was cut. From there the descent stage turned 
away from the rover and throttled up its rocket engines, sending it on a short 
voyage to crash to the surface at a safe distance from the rover.

Curiosity had landed. She transmitted a report that she had touched 
down, acknowledging that she was safe upon the Martian surface.

Before and aft er the successful landing, reporters, friends, and JPL associ-
ates asked me what I was most worried about as landing day approached. 
I told them I was perfectly comfortable with the novel, radical EDL. In my 
opinion, it was the best Mars landing system yet. My big worry was about 
a single operation, the one that begins with touchdown and a command 
triggering the rapid but extremely intricate series of events that cuts the 
rover free from the descent stage and commands the descent stage to do 
its fl yaway so it doesn’t come crashing to the ground on top of the rover. 

FIGURE 23. Th e MSL as it descends on its parachute into Gale Crater on August 5, 2012. 
Th e Mars Reconnaissance Orbiter spacecraft  took this image as it orbited overhead. 
(Courtesy of NASA, JPL/Caltech, and the University of Arizona)
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Th e operation involves many commands and operations that need to work 
fast and in exactly the correct order. It was the product of dozens of com-
promises that we could never test completely from start to end. Yet it all 
worked.

Within minutes aft er the landing, images taken from the front and rear 
Hazcams arrived at JPL, giving startling visceral proof to our anxious team 
that Curiosity had indeed landed on Mars. Our fi rst views clearly showed 
Mount Sharp looming to the south, awaiting our visit. My relief at seeing 
these images taken seconds aft er landing, defi nitively telling us that Curi-
osity had settled to the surface intact, will forever be one of the high points 
of my life.

Th e teams of scientists who have instruments on Curiosity began their 
eff orts years ago. Now they were tantalizingly close to being able to begin 
studying the nature of Mars and searching for conditions that might have 

FIGURE 24. Th is is the fi rst image captured by Curiosity, taken minutes aft er touchdown 
by the fi sh- eye lens of the Hazcam, located near ground level, showing Mount Sharp in 
the distance. (Courtesy of NASA, JPL/Caltech, and Malin Space Science Systems)
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FIGURE 26. A self- portrait mosaic of Curiosity that combines dozens of exposures taken 
by the MAHLI camera. Th ey were taken inside the spectacular Yellowknife Bay rock 
formation at the rover’s fi rst drill site (see Figure 27). (Courtesy of NASA, JPL/Caltech, 
and Malin Space Science Systems)
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detected dozens of double bit errors (DBEs) in the computer’s fl ash memory. 
At the same time there was another warning indicating that an attempt by the 
soft ware to write fi les into the fl ash memory had failed.

Altogether, this status report on the condition of the rover’s computer 
in English translated to something like, “I’m having a little trouble with my 
memory.” It looked broken, to be sure.

Magdy Bareh, a gentle, thoughtful and determined engineer who is also 
an expert on the design of the computer and its soft ware, was quickly assigned 
to be leader of the anomaly resolution team. He scheduled a 2:00 p.m. team 
meeting to fi gure out what might be going on. I wasn’t going to miss this.

Less than an hour later, another transmission arrived that was even more 
chilling. Again, it was something we had never seen before. Th e rover had 
apparently ignored the command to put itself to sleep between the passes 
of the orbiters that relay its messages to Earth. What’s more, even though 
the computer had remained awake, a few of the morning’s planned tasks we 
expected it to complete were not getting done.

At the team meeting, more than a dozen people crowd into the small 
Fishbowl meeting room, so called because it has glass all around. For the 
time being, this would be our war room. Th e latest reports made it clear that 
the situation was even worse: Th e rover computer had ceased to obey and 

FIGURE 27. Mastcam image of the fi rst holes ever drilled on another planet. Curiosity 
fi rst drilled a shallow hole on the upper right to test the consistency of the rock, then a 
deeper hole (inset) to collect powdered rock for analysis by the on- board laboratories. 
(Courtesy of NASA, JPL/Caltech, and Malin Space Science Systems)
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While Curiosity continues to produce a wealth of intriguing new data, I have 
moved on, diving into my next JPL project. Th e springboard came from the 
Decadal (once every decade) Survey conducted at the request of NASA and 
the National Science Foundation. Th e 2013 Survey, chaired by Professor Steve 
Squyres of Cornell University, provided a group of “fl agship priorities.” Based 
on input from a large number of scientists, Squyres and his survey team chose 
a Mars project as the number- one fl agship priority.

It was announced with these words: “Th e view expressed by the Mars 
community is that Mars science has reached a point where the most funda-
mental advances will come from study of returned samples.” In line with that, 
the next step in Mars exploration is sample return, aimed at bringing back 
half a kilogram of carefully selected Martian rock cores. Th e sample return 
project begins with another version of the Mars Science Laboratory, but this 
one with an added goal: “sample caching,” meaning collecting and storing 
rock core samples from Mars for eventual return to Earth, to be handed over 
to the world’s leading science laboratories for analysis.

FIGURE 28. Sparkling in brilliant sunshine, Curiosity looks back at her own tracks as she 
slowly makes her way to the base of Mount Sharp. (Courtesy of NASA, JPL/Caltech, and 
Malin Space Science Systems)
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Some of the hurdles we’re facing will sound familiar, including a new type 
of still- larger supersonic parachute. Th e target launch date for the sample col-
lecting and caching rover is 2020. Beyond that, we will need larger landers 
that can retrieve the cached samples and rocket them into Mars orbit for cap-
ture and return to Earth. I am now focusing on the design and testing of new 
ways to slow these larger spacecraft  for landing. Some of the techniques we 
are testing might well be used to slow and safely land the fi rst human explor-
ers on Mars.

Meanwhile, as of this writing, valuable scientifi c data is continuing to 
fl ood in from Curiosity. ChemCam alone has produced more than 100,000 
laser fi rings, producing data from each, available to any interested scien-
tist. As of fall 2013, hundreds of scientifi c articles based on Curiosity’s data 
had already been published, with new articles being published virtually 
every day. Even so, PI Roger Wiens says, “I’ve come to realize that the most 
interesting discoveries MSL could make are the ones that we have no idea 
about yet.”

Th ough a grueling challenge, in the end this Mars Science Lab project 
turned out to be an extremely gratifying adventure. I would do it all again in 
a heartbeat. Second only to my wife and child, the opportunity of working on 
space exploration is the greatest gift  life could have off ered me.

FIGURE 29. Curiosity’s view of her destination, Mount Sharp. Th e layers of terrain, 
suggestive of the Grand Canyon, off er the possibility that within them are clues that 
might open a new chapter in our understanding of the story of life in our solar system. 
(Courtesy of NASA, JPL/Caltech, and Malin Space Science Systems)
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