


 The Discovery Program's prime objective is to 
enhance our understanding of the Solar System by 
exploring the planets, their moons and small bodies 

such as comets and asteroids.  
 

 Another important objective is to enhance public 
awareness of and appreciation for space 

exploration by incorporating educational and public 
outreach activities into planetary science 

investigations. 
 



NASA's Discovery 

Program gives scientists 

the opportunity to dig 

deep into their 

imaginations and find 

innovative ways to unlock 

the mysteries of the solar 

system. It represents a 

breakthrough in the way 

NASA explores space, 

with lower-cost, highly 

focused planetary science 

investigations designed to 

enhance our 

understanding of the solar 

system. 



Ten Discovery Missions have been chosen to date.  

NEAR: Near Earth Asteroid Rendezvous 

Feb. 1996 – Feb. 2001 

CONTOUR: Comet Nucleus Tour 

July 2002 – Aug. 2002 

Mars Path Finder: Took 16,000 images. 

Dec. 1996 – Sept. 1997 

Lunar Prospector: Study of Lunar ice. 

Jan. 1998 

Deep Impact: First look inside a comet. 

Jan. 2004 – July 2005 



Genesis: Search for Origins – Sun 

Aug. 2001 - 2004 

Messenger: Probe to Mercury 

Launch March 2004 – Orbit Sept. 2009 

DAWN: 10 year mission to the asteroid belt. 

Kepler: Mission designed to find Earth-size planets 

in orbit around stars like our Sun outside of the 

solar system. 

Stardust: Mission to collect Comet material. 

Feb. 1999 – Jan. 2006 



Stardust is the first U.S. space mission dedicated solely 

to the exploration of a comet, and the first robotic 

mission designed to return extraterrestrial material from 

outside the orbit of the Moon. 



Stardust began its comet 

bound mission on Feb.7th 

1999 with a successful 

launch atop a Delta 2 rocket. 



Shortly after launch, a camera aboard Stardust’s Delta 2 rocket 

recorded this aft-facing view that shows the booster’s payload 

fairing falling away. Back in the distance, a strap-on rocket falls 

away.  



This schematic picks apart NASA’s Stardust return capsule 

to identify its crucial components. 



Stardust used aerogel traps to snag samples of Comet 

Wild 2 and interstellar dust, then seal them away in a 

retrievable capsule built to return to Earth. 





Chemistry 

Mixed with silicon dioxide and a solvent, aerogel is 99.8% 

air and is 1000 times less dense than glass. 



Despite its ultra 

light, smoky 

appearance, the 

aerogel material 

used by Stardust 

to catch comet 

samples is quite 

strong. Here, a 

two-gram chunk of 

aerogel supports a 

two-kilogram brick. 

Support 



High Temperature 

Aerogel can withstand high temperatures, providing 39 times 

more insulation than fiberglass. 



Capability 

Particles traveling six times 

faster than a rifle bullet can 

be stopped by a block of 

aerogel.  



Aerogel is packed into cube-shaped slots in Stardust’s 

sample collector plate in this image taken as the spacecraft 

was assembled. 



NASA’s Stardust mother ship (right) and its sample return 

canister (left) are depicted just after the canister is jettisoned 

toward Earth in this artist’s illustration. 



During its 2001 Earth flyby, NASA’s Stardust probe took this 

black and white photo. One of 23 photographs of the 

Moon’s North Pole to calibrate its camera prior to its Comet 

Wild 2 encounter in 2004. 



Before Stardust met up with Comet Wild 2, the sample 

return spacecraft swung past Asteroid 5535 Annefrank in 

November 2002. The spacecraft took dozens of images in 

what mission managers billed as a successful rehearsal 

for the Wild 2 encounter. Shown here is a false color (left) 

and grayscale view of Annefrank as seen by Stardust. 



Armed with only a navigation camera, NASA’s Stardust 

spacecraft took 72 images of Comet Wild 2 during its Jan. 2 

2004 flyby. 



Comet Wild 2 

appears in all its 

glory in this 

composite from 

several images 

taken by the 

navigation camera 

aboard the Stardust 

probe. This view is a 

short exposure 

overlaid on top of a 

longer one to 

enhance the surface 

features and jet 

activity seen in the 

image. 



Using a pair of 

images taken by 

the Stardust 

probe, 

researches were 

able to build this 

three-

dimensional 

image of the icy 

object. 



Like NASA’s previous sample return mission Genesis, 

Stardust’s capsule will touchdown on the Utah desert, though 

there are some differences in its flight. 



Stardust mission managers expect their spacecraft to 

avoid the same fate as NASA’s Genesis sample return 

capsule, which failed to deploy its parachutes due to 

improperly installed switches and crashed into the Utah 

desert on Sept. 8th 2004. 



Improperly positioned g-switches led to the Genesis capsule 

crash in Sept. 2004. Engineers have inspected pre-launch 

photos and test data to confirm proper installation of the 

device on Stardust. 



The Stardust sample return 

capsule dives into Earth’s 

atmosphere en route to a 

Utah desert landing. 



After plummeting 

through the Earth’s 

atmosphere, the 

Stardust sample return 

canister’s parachute 

deployed and slowed 

the probe to a safe 

descent speed. 



The density of the 
Interstellar Medium is 
extremely low: 
 
1 gas atom per cubic 
centimeter 
1 dust particle per 1 cubic 
kilometer 

(one dust particle inside a volume equivalent to 250 football 

stadiums) 



Interstellar dust impacted the aerogel collector grid with a 

relative speed of about 20 km/s (45,000 mph) 

With masses in the picogram regime, the particles should only 

penetrate about 100 microns into the surface of the 3cm thick 

aerogel tiles, leaving behind tracks in the aerogel. 

The particles are sub-micron in size and will be few in number, 

maybe 45 in the entire collector. 

The collector itself is about 1,000 cm2 in area. 



An automated microscope will scan 

through the grid taking digital “focus 

movies”. The field of view is about 

0.5mm on a side. There will be over 1.6 

million of these.  

Finding the interstellar dust particles 

will be like searching for 45 ants in a 

football field looking one 5cmx5cm 

square at a time. 



How do we find 45 microscopic 

particles somewhere within 1.6 

million focus movies? The 

particles themselves are not 

visible in the movies, only the 

tracks they leave in the aerogel. 

People need to look through 

the movies. 

The task of manually searching 

through the 1.6 million focus 

movies would be overwhelming 

for a small research group…but 

not for an army of enthusiastic 

volunteers. 



We estimate that it 
will take 30,000 
person-hours to 

complete the task. We 
now have over 

100,000 people pre-
registered to 
participate.  

Volunteers will use a 

Virtual Microscope (VM) 

to examine focus 

movies. 

On average, a particle 

will be discovered every 

4 days! 


