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Five Interacting Galaxies 

Presenter
Presentation Notes
A clash among members of a famous galaxy quintet reveals an assortment of stars across a wide color range, from young, blue stars to aging, red stars.

This portrait of Stephan's Quintet, also known as Hickson Compact Group 92, was taken by the new Wide Field Camera 3 (WFC3) aboard NASA's Hubble Space Telescope. Stephan's Quintet, as the name implies, is a group of five galaxies. The name, however, is a bit of a misnomer. Studies have shown that group member NGC 7320, at upper left, is actually a foreground galaxy about seven times closer to Earth than the rest of the group.

Three of the galaxies have distorted shapes, elongated spiral arms, and long, gaseous tidal tails containing myriad star clusters, proof of their close encounters. These interactions have sparked a frenzy of star birth in the central pair of galaxies. This drama is being played out against a rich backdrop of faraway galaxies.
The image, taken in visible and near-infrared light, showcases WFC3's broad wavelength range.

NGC 7319, at top right, is a barred spiral with distinct spiral arms that follow nearly 180 degrees back to the bar. The blue specks in the spiral arm at the top of NGC 7319 and the red dots just above and to the right of the core are clusters of many thousands of stars.

Continuing clockwise, the next galaxy appears to have two cores, but it is actually two galaxies, NGC 7318A and NGC 7318B. Encircling the galaxies are young, bright blue star clusters and pinkish clouds of glowing hydrogen where infant stars are being born. These stars are less than 10 million years old and have not yet blown away their natal cloud.

NGC 7317, at bottom left, is a normal-looking elliptical galaxy that is less affected by the interactions.

Sharply contrasting with these galaxies is the dwarf galaxy NGC 7320 at upper left. Bursts of star formation are occurring in the galaxy's disk, as seen by the blue and pink dots. In this galaxy, Hubble can resolve individual stars, evidence that NGC 7320 is closer to Earth. NGC 7320 is 40 million light-years from Earth. The other members of the quintet reside 290 million light-years away in the constellation Pegasus.
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Spiral Galaxy 
Composite: Spitzer, Hubble, Chandra  



Formation of Extra-Solar Disks  
Hubble Space Telescope 
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Our Solar System 



A Planet Friendly to Life 



Self-replicating Molecules Lead to Cells and Life 



3.8 Billion Years of Evolution Produced…. 



…the Lawrence Livermore National Laboratory! 



Earth and Mars share several features 



Grand Canyons 



Arizona’s Grand Canyon                             Mars’ Victoria Crater from Opportunity        



Great Volcanoes 



Geology 



Traveling 100 Million Miles to Mars 



Navigation 

After traveling 450 million kilometers, 
the rover Curiosity arrived at Mars 
within 2 kilometers of its intended 
landing site… 



Navigation 

…the equivalent of teeing off in Los 
Angeles and sinking a hole in one in 
St Andrews Scotland. And the hole 
on Mars was moving at 60,000 mph! 





MER 

Entry, Descent, and Landing 

Spirit & Opportunity Curiosity 



2003: The Skycrane maneuver is born  

Presenter
Presentation Notes
After about 2 years of trials with other touchdown designs, the MER team by then had learned about the physics of controlling a load on the end of a rope. They recommended that the idea of lowering a rover to the ground like the Sikorsky S-64 Skycrane helicopters be developed. Over the course of the next two years the team and NASA settled on this radical idea born from failure.
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Presenter
Presentation Notes
Among some of the toughest challenges was the development of all new electronics and software that would allow the rover to be able to perform some incredible feats. From launch through landing and surface science, the rover had to master a many hobbies. Deep space astronaut, precision navigator, hypersonic entry pilot, parachutist, jet helicopter pilot, autonomous all terrain vehicle, soil digger, rock driller, rock sifter, laser shooter, water ice diviner, photographer, spectroscopist, and geochemical laboratory scientist, telecommunications and thermal control specialist: all of these skills (and many more) had to be designed and made to fit inside the rover. This made for a vast systems integration and test challenge that required hundreds of millions of specially designed circuits, miles of cables, more than a million lines of code and more than 3 years of 24-7 testing by hundreds of engineers.
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Parachute Deployed 
MRO HiRISE camera  

Presenter
Presentation Notes
HIRISE = Hi Resolution Image System



Designing the World’s 
Largest Parachute 

Presenter
Presentation Notes
The development of the worlds largest (50 ft diameter) supersonic parachute came with many problems. The inflation conditions on Mars (1000 mph) meant that this parachute had to overcome a tons of inflation force. This required several iterations of the parachute construction to ensure that it would inflate even under a load twice expected. These images were captured in the Air Force’s (formerly NASA Ames) NFAC wind tunnel. The largest in the world.


Strength qualification parachute (from flight lot) was still healthy after 14 opening events in the NFAC 80 x 100 ft wind tunnel test facility.
1 mortar deployment at Flight Limit Load on chute ( =   1.25x worst case flight load = about 80,000 lbs) 
2 reefed deployments at Flight Limit Load
10 reefed deployments to mimic cyclic loads on parachute to represent “area oscillation” that simulate dynamic  re-pressurizations (4@75kip, 7@65kip)

No acceptance test inflations on flight chute. (assembly-level seam and fabric pull tests and inspections only).



Parachute Test 



Parachute Test 



Parachute Test 



Parachute Test 



Parachute Test 



Presenter
Presentation Notes
Preliminary Self-Portrait of Curiosity by Rover's Arm Camera On Sol 84 (Oct. 31, 2012), the Curiosity rover used the Mars Hand Lens Imager (MAHLI) to capture the set of thumbnail images stitched together to create this full-color self-portrait. ��This self-portrait documents the state of the rover and allows mission engineers to track changes over time, such as dust accumulation and wheel wear. Due to its location on the end of the robotic arm, only MAHLI is able to image some parts of the rover, including port-side wheels.��The mosaic shows the rover at "Rocknest," the spot in Gale Crater where the mission's first scoop sampling took place. Scoop scars can be seen in the regolith in front of the rover. A portion of Mount Sharp appears on the right side. Mountains in the background to the left are the northern wall of Gale Crater.��When the rover returns the full-resolution MAHLI frames of the scene, the team plans to generate a more detailed portrait of Curiosity in its Martian neighborhood. �
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Cumberland Drill Hole 

Presenter
Presentation Notes
NASA's Mars rover Curiosity drilled into this rock target, "Cumberland," during the 279th Martian day, or sol, of the rover's work on Mars (May 19, 2013) and collected a powdered sample of material from the rock's interior. Analysis of the Cumberland sample using laboratory instruments inside Curiosity will check results from "John Klein," the first rock on Mars from which a sample was ever collected and analyzed. The two rocks have similar appearance and lie about nine feet (2.75 meters) apart. 
Curiosity used the Mars Hand Lens Imager (MAHLI) camera on the rover's arm to capture this view of the hole in Cumberland on the same sol as the hole was drilled. The diameter of the hole is about 0.6 inch (1.6 centimeters). The depth of the hole is about 2.6 inches (6.6 centimeters).
Malin Space Science Systems, San Diego, developed, built and operates MAHLI. NASA's Jet Propulsion Laboratory, Pasadena, Calif., manages the Mars Science Laboratory Project and the mission's Curiosity rover for NASA's Science Mission Directorate in Washington. The rover was designed and assembled at JPL, a division of the California Institute of Technology in Pasadena.




Presenter
Presentation Notes
Dust from Mars Drilling: Tailings and Discard Piles

This image shows the first holes into rock drilled by NASA's Mars rover Curiosity, with drill tailings around the holes plus piles of powdered rock collected from the deeper hole and later discarded after other portions of the sample had been delivered to analytical instruments inside the rover. The image was taken by the telephoto-lens camera of the rover's Mast Camera (Mastcam) instrument in early afternoon of the 229th Martian day, or sol, of Curiosity's work on Mars (March 29, 2013). The site is on a patch of flat rock called "John Klein" in the "Yellowknife Bay" area of Mars' Gale Crater.

Each of the drill holes is about 0.6 inch (1.6 centimeters) in diameter. The one toward the top of the image was drilled on Sol 180 (Feb. 6, 2013) as a "mini drill" preparatory test. That test went to a depth of 0.8 inch (2 centimeters) without collecting any rock powder. The nearer hole is from the first rock-drilling ever to collect a sample on Mars. Curiosity drilled this hole 2.5 inches (6.4 centimeters) deep on Sol 182 (Feb. 8, 2013). 

Analysis of the collected John Klein rock sample by the Chemistry and Mineralogy (CheMin) and Sample Analysis at Mars (SAM) instruments inside Curiosity produced evidence of an ancient wet environment that provided favorable conditions for microbial life, including elemental ingredients for life plus a chemical energy gradient such as some terrestrial microbes exploit as an energy source.

The sample processing and delivery tool on Curiosity, called the Collection and Handling for In-situ Martian Rock Analysis, or CHIMRA, put the collected powder through a sieve to screen out particles larger than 0.006 inch (150 microns) across, and then delivered portions of the sieved material to the instruments. After delivering a few portions for analysis over the course of several weeks, CHIMRA released both the material that had not passed through the sieve and the leftover sieved material, dropping them in two piles near the drill hole on Sol 229 (March 29, 2013). In this image from a few minutes later, the unsieved material forms a mound to the left of a line between the two holes and the leftover sieved sample material forms a mound to the right. 

The image has been white-balanced to show what the rock material would look like if it were on Earth. Two unannotated versions, white-balanced and raw color (showing what the rock material looks like on Mars to the camera) are available as Figure 1 and Figure 2.

Malin Space Science Systems, San Diego, developed, built and operates Mastcam. 



Curiosity’s Location 
on Sol 406  
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Presentation Notes
Sol 406 was Sep 27



Vista With 'Twin Cairns' on Route to Mount Sharp 

Presenter
Presentation Notes
This scene combines seven images from the telephoto-lens camera on the right side of the Mast Camera (Mastcam) instrument on NASA's Mars rover Curiosity. The component images were taken between 11:39 and 11:43 a.m., local solar time, on 343rd Martian day, or sol, of the rover's work on Mars (July 24, 2013). That was shortly before Curiosity's Sol 343 drive of 111 feet (33.7 meters). The rover had driven 205 feet (62.4 meters) on Sol 342 to arrive at the location providing this vista. The center of the scene is toward the southwest. 

A rise topped by two gray rocks near the center of the scene is informally named "Twin Cairns Island." It is about 100 feet (30 meters) from Curiosity's position. The two gray rocks, combined, are about 10 feet (3 meters) wide, as seen from this angle.
This mosaic has been white-balanced to show what the scene would look like under Earth lighting conditions, which is helpful in distinguishing and recognizing materials in the rocks and soil.

Malin Space Science Systems, San Diego, built and operates Mastcam. NASA's Jet Propulsion Laboratory manages the Mars Science Laboratory mission and the mission's Curiosity rover for NASA's Science Mission Directorate in Washington. The rover was designed, developed and assembled at JPL, a division of the California Institute of Technology in Pasadena.




Destination: Mount Sharp 

Presenter
Presentation Notes
A chapter of the layered geological history of Mars is laid bare in this postcard from NASA's Curiosity rover. The image shows the base of Mount Sharp, the rover's eventual science destination.
This image is a portion of a larger image taken by Curiosity's 100-millimeter Mast Camera on Aug. 23, 2012. See PIA16104. Scientists enhanced the color in one version to show the Martian scene under the lighting conditions we have on Earth, which helps in analyzing the terrain. 
For scale, an annotated version of the figure highlights a dark rock that is approximately the same size as Curiosity. The pointy mound in the center of the image, looming above the rover-sized rock, is about 1,000 feet (300 meters) across and 300 feet (100 meters) high. 
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Image of Earth taken by Cassini 
July 19, 2013 

Jet Propulsion Laboratory 
California Institute of Technology 

 

Earth and Moon, as seen by Cassini on  
July 19, 2013, from 900 million miles away 



Black Holes shine for NuSTAR 

Presenter
Presentation Notes
NASA's black-hole-hunter spacecraft, the Nuclear Spectroscopic Telescope Array, or NuSTAR, has "bagged" its first 10 supermassive black holes.

An optical color image of galaxies is seen here overlaid with X-ray data (magenta) from NASA's Nuclear Spectroscopic Telescope Array (NuSTAR).
NuSTAR's serendipitous discovery in this field, lies to the left of a galaxy, called IC751, at which the telescope originally intended to look. Both magenta blobs show X-rays from massive black holes buried at the hearts of galaxies.
The optical image is from the Sloan Digital Sky Survey and a color composite of images over three different optical wavebands (the G, R, and I bands). The NuSTAR data shows X-rays in the 3 to 24 keV energy range.
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Map / Figure from J. Famiglietti, UCI 

California’s Central Valley 2003 - 2012: 
Groundwater changes from GRACE 

Groundwater changes from GRACE:                  

• GRACE measures all the 
water storage changes on 
land 

• To estimate groundwater, 
the snow, surface water and 
soil moisture changes must 
be subtracted 

• Result: even after official 
drought ended in 2010, 
GRACE detects that 
Central Valley groundwater 
still remains below pre-
drought levels  

Presenter
Presentation Notes
GRACE ‘sees’ all the water storage changes on land, so to estimate groundwater changes, snow, surface water and soil moisture changes must be subtracted:

DSGroundwater =  DSTotal
			       –DSSnow
			       –DSSurface Water
			       –DSSoil Moisture


Snow, surface water and soil moisture signals were estimated using best available observed and modeled data sets
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Science and the Environment: 
Natural Hazards 

Coseismic interferogram (Envisat), coseismic GPS offsets (mainshock in yellow, 
aftershock in orange), and 8 m contour of mainshock fault slip model from 2011 
Magnitude 9.0 Tohoku-Oki Earthquake (Simons et al, Science, 2011) 
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Apollo 11   &   Curiosity Rover 

“Do not go where the path may 
lead. Go instead where there is 
no path and leave a trail.”   
 
     - Ralph Waldo Emerson 

Presenter
Presentation Notes
Neil Armstrong’s words still apply.  Curiosity’s landing is a giant leap for mankind.
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