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Operating Hubble

The Sun and Earth rise and set for Hubble two times in three hours, as the spacecraft skims the 

upper atmosphere at an altitude of 360 miles. The looming Earth blocks half the sky and regularly 

interrupts most observations by blocking the line of sight to the target. 

Because Hubble’s slew rate from target to target is only about as fast as the minute hand on a watch, it cannot keep ahead of 

this game. Nevertheless, careful scheduling keeps Hubble gathering light from stars and galaxies almost 50% of the time.

It is the job of Hubble controllers at the Space Telescope Science Institute and NASA’s Goddard Space Flight Center to 

seamlessly blend science operations and spacecraft operations 24 hours a day. Scientists and engineers at the Institute 

translate the research plans of astronomers into detailed sequences of commands for the internal electronics, detectors, and 

mechanisms of the scientific instruments. The preparations, carried out weeks or months in advance of the observations, 

also involve selecting guide stars to stabilize the telescope pointing, and specifying the exact sequence and timing of the 

observations. Spacecraft controllers work together to schedule Hubble’s communication with the ground, to load commands 

into the onboard computers, to manage the collection of electrical power from solar arrays and batteries, and to curate the 

data in the onboard computers. The flight operations team at Goddard monitors every system on Hubble to ensure it is work-

ing properly. If not, ground controllers can intervene to remedy the problem.

Over the past year, Hubble pursued its usual wide range of scientific programs, targeting objects ranging from nearby 

planets to galaxies billions of light-years away. Among the most technically challenging observations were those aimed at 

a member of the Solar System, comet Schwassmann-Wachmann 3. Discovered photographically by Arnold Schwassmann 

and Arno Arthur Wachmann of Hamburg Observatory on May 2, 1930, as it was passing within 6 million miles of Earth, the 

Hubble has been serviced by astronauts four times. Here, in Servicing Mission 2 (February 1997) they are seen replacing a defective reaction 
wheel assembly.
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comet has a relatively short orbital period of 5.45 years. The 1995 apparition provided fireworks, as the nucleus broke into 

four fragments and the comet brightened over hundredfold in a series of outbursts. This display was driven by outgassing 

from volatiles in the cometary nucleus evaporated by solar heating, rather than external tidal forces imposed by the Sun or 

Jupiter. In 2001, two components of Schwassmann-Wachmann 3 were still visible. 

In preparation for its return in 2006, a team of astronomers led by Phillippe Lamy of Laboratoire d’Astronomie Spatiale in France 

and Harold Weaver of the Johns Hopkins University, put together a proposal to use the Advanced Camera for Surveys (ACS) on 

Hubble to obtain detailed multicolor images of the disintegrating nucleus. The proposal was submitted to the Institute in January 

2006, along with hundreds of other Phase I proposals from around the world requesting Hubble observing time. 

Flight controllers at the Goddard Space Telescope Operations Control Center located in Greenbelt, Maryland, monitor the health and safety of the Hubble 
satellite around the clock. Commands are typically sent in groups to the telescope, where they are stored onboard for later execution.
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In a process used in the 13 previous cycles, proposals were carefully reviewed by a peer committee of other scientists in the 

Hubble Cycle 14 time allocation process. The Lamy-Weaver proposal was awarded nine orbits. Working with scientists at the 

Institute, the team then developed a Phase II proposal, which specified the exact sequence of color filters, exposure times, and 

positions to catch the comet near its closest approach to Earth—four tenths of the distance between Earth and the Sun. 

For most observations, Hubble locks on distant “guide” stars in its Fine Guidance Sensors to steady itself as it takes expo-

sures. Because Schwassmann-Wachmann 3 was moving against the background stars, Hubble had to continuously reorient 

itself to track the comet, changing guide stars, and sometimes relying on just a single guide star. 

Two important Hubble simulators are located in the large “high-bay” area of Building 29 at the Goddard Space Flight Center.  The Vehicle Electrical 
System Test (VEST) unit in the foreground electrically simulates the many complex components of the satellite.  The High Fidelity Mechanical Simulator 
located behind it is used for “fit checks” of new hardware (such as instruments or gyroscopes) and for astronaut training.
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Schwassmann-Wachmann 3 proved to be unexpectedly active, 

and a major outburst developed as it approached the prime 

viewing zone. Consequently, the team applied to the Institute 

director and received an additional allocation of his discretion-

ary time to obtain more coverage of the unfolding events. 

Hubble observations are scheduled on a weekly basis. Individual 

observations are coded as a series of commands that are uplinked 

and stored onboard Hubble, instructing the telescope where to 

point, acquire guide stars, and initiate exposure sequences with 

specific instruments. The first nine orbits of exposure time were 

obtained over April 10–11, 2006. The follow-on observations 

occurred on April 18–20. 

The images were temporarily stored in solid-state memory 

within Hubble and then downlinked via a NASA communica-

tions satellite to a ground terminal in White Sands, New Mexico. 

From there, the data were transferred to Goddard Space Flight 

Center in Greenbelt, Maryland, and then to the Institute in Balti-

more, where the images were stored in the Hubble data archive. 

At the same time, an automatic e-mail message was sent to the 

Principal Investigators, informing them that the images were 

available as fully processed images, reduced using the stan-

dard calibration pipeline, and as raw images for customized 

processing, if desired. 

Hubble data is transmitted to Earth through a NASA relay satel-
lite which downlinks it to a ground station in White Sands, NM.  
From there, it is forwarded to Goddard Space Flight Center for 
initial processing and quality checking. Within minutes it is 
sent to the Space Telescope Science Institute, where it is fur-
ther processed, archived, and made available to the Principal 
Investigator who successfully proposed the observation.
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The Schwassman-Wachmann 3 observations showed that the cometary nucleus had degenerated into a chain of more than 

three dozen small fragments. Hubble had provided a ringside seat—and a wealth of detail inaccessible to ground-based 

telescopes—for the demise of a disintegrating comet.

Moving well beyond the Solar System, Hubble observations continue to play a crucial role in probing the cosmic flow of galaxies, 

finding evidence for a mysterious dark energy that pervades the universe. Type Ia supernovae have emerged as “standard candles,” 

enabling measurements of large cosmic distances and providing a basis for observational cosmology. Triggered by the disruption 

of compact white dwarf stars in binary systems, these supernovae are vast explosions that, at their brightest, outshine a galaxy. 

Because these events are unpredictable and relatively short lived, astronomers must adopt clever strategies to detect them and 

measure their brightness variations to determine their distance. Saul Perlmutter, at Lawrence Berkeley Laboratory, and Adam Riess, 

at the Institute and the Johns Hopkins University, have 

been using the ACS to survey distant galaxies for suitable 

supernovae. These programs require particularly intense 

data analysis, because supernovae fade on timescales 

of days. Typically, the wide-field ACS observations are 

taken from the archive, processed, and thoroughly scru-

tinized for new supernovae within 24–36 hours of their 

being taken. This rapid turnaround is essential to allow 

follow-up observations with the Near Infrared Camera 

and Multi-Object Spectrometer (NICMOS) before the 

supernova fades into obscurity. The NICMOS observa-

tions, added to the observing schedule over the next 

1–3 weeks as target-of-opportunity observations, map 

the decline in the supernova’s brightness—its “light 

curve.” The shape of that light curve allows Hubble to 

measure the distances accurately enough to reveal the 

acceleration of the universe at great cosmic distances.

Hubble provided astronomers with extraordinary views of comet 73P/Sch-
wassmann-Wachmann 3. The fragile comet rapidly disintegrated as it ap-
proached the Sun. Hubble images uncovered many more fragments than 
were reported by ground-based observers. These observations facilitate 
the opportunity to study in detail the demise of a comet nucleus.
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Hubble News

Hubble observations have produced a 

regular stream of news about the uni-

verse. Shown here are a few recent 

highlights. Details on these topics and 

many others can be found on the World 

Wide Web at http://hubblesite.org.

Recently discovered supernovae in distant galaxies sup-
port the theory that an unknown, i.e., “dark” energy has 
influenced the universe for at least the last 9 billion years. 
Using the light from the supernovae as “standard candles,” 
astronomers have measured the relative size of the uni-
verse over time and derived its expansion rate. This, in 
turn, helps in describing the forces at work controlling the 
expansion.

Intricate wisps of glowing gas float amid a myriad of stars in this Hubble image of the supernova remnant, N132D. The ejected material 
shows that roughly 3,000 years have passed since the supernova blast.  This titanic explosion took place in the Large Magellanic Cloud, a 
neighboring galaxy some 160,000 light-years away.
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(Opposite Page, Top Left)  NASA’s Hubble Space Telescope has un-
covered what astronomers are reporting as the dimmest stars ever seen 
in any globular star cluster (shown circled in the right-hand panels). 
Globular clusters are spherical concentrations of hundreds of thousands 
of stars within a galaxy. The cluster NGC 6397 is one of the closest 
globular clusters to Earth. Seeing the whole range of stars in this area 
will yield insights into the age, origin, and evolution of the cluster. 

(Left) Dark matter and normal matter have been wrenched apart by the 
tremendous collision of two large clusters of galaxies. Hot gas detected by 
Chandra in x-rays is seen as two pink clumps in the image and contains 
most of the “normal” matter in the two clusters. The blue areas are the 
regions where the dark matter is clumped—as determined by the study of 
the distorted (gravitationally lensed) galaxy shapes in these areas. 

(Right) Precision measurements taken over a seven-year period of the po-
sitions of core stars within the globular cluster 47 Tucanae have confirmed 
that gravitational segregation by mass is occurring within the cluster. The 
heavier stars are slowing down and sinking to the cluster’s core, while the 
lighter stars are picking up speed and moving to its periphery.
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(Top Right) Long-duration gamma-ray bursts are powerful flashes of high-energy 
radiation that are sometimes seen coming from certain types of supernovae. If Earth 
were hit by such a nearby burst, the devastation could range from destroying the 
ozone in our atmosphere to triggering climate change. These images are a sampling 
of the host galaxies of long-duration bursts taken by Hubble. Astronomers analyzing 
these surveys have concluded that our Milky Way galaxy is an unlikely place for them 
to occur. The green crosshairs pinpoint the location of the gamma-ray bursts, now 
long faded away.

(Left) These dark, opaque knots of gas and dust are called “Bok globules.” They are 
absorbing light in the center of the nearby emission nebula and star-forming region, 
NGC 281. These images were taken with Hubble’s Advanced Camera for Surveys. NGC 
281 is located nearly 9,500 light-years away in the direction of the constellation Cas-
siopeia. 
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