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Why Satellites Presented Astronomers with an Opportunity

The Earth’s atmosphere blocks most wavelengths of electromagnetic radiation.  For example, the ozone layer blocks ultraviolet radiation and long wavelength radio radiation cannot penetrate the ionosphere.  Visible light and some radio wavelengths penetrate the atmosphere.  Even these wavelengths are distorted by the presence of the atmosphere.  Air has different densities depending on its temperature.  The heating and cooling of the Earth causes packets of air with different densities to move.  As light from stars enters the Earth’s atmosphere, it is refracted, that is the light’s direction of travel changes as air slows it down.  The angle at which it is bent varies slightly with the density of the air.  Therefore, the light from a point source like a star moves slightly and blurs the star’s image.  This effect, called seeing, limits the resolution of any telescope.
By placing telescope in space, astronomers can both avoid the distortion of the atmosphere, and make observations at wavelengths that are absorbed or reflected by some portion of the atmosphere.  Until the invention of rockets during World War II, the only way astronomers could place instruments above the atmosphere was by using balloons.  Balloons had limited altitude and time aloft.
During World War II, the United States captured a number of German V-2 rockets along with the team of scientists led by Werhner von Braun who had created them.  In order to test the rockets, they needed to put a load on them to keep them stable.  Rather than simply use sand, the military sought proposals from astronomers for instruments that might produce useful science during the brief flight of a V-2.  Astronomers responded with a variety of instruments that flew first on the V-2s and later on U.S. sounding and test rockets.  Through the 1950s, these experiments produced useful data and gave astronomers experience in designing cameras, spectroscopes and other instruments for use in space.  (Roman, Exploring the Universe)
NASA Hires Nancy Grace Roman
The National Aeronautical and Space Administration (NASA) was formed in 1958 to coordinate the United States’ efforts to develop space craft.    NASA was based on a combination of the National Advisory Committee on Aeronautics and the rocket group from the Naval Research Laboratory.  NASA focused strongly on manned space flight and such military applications as intelligence satellites.  Because she had answered astronomy questions for the rocket group at the Naval Research Laboratory and had represented the U.S. at a high profile meeting in the Soviet Union, Nancy Grace Roman was known to the group at NASA.  Six months after the founding of NASA, the decision was made to create a program in unmanned space-based observational astronomy.   Roman was recruited to establish a program in space astronomy at optical and ultraviolet wavelengths.   Although she hated to leave active research, Roman could not resist the challenge of “mapping out a program that would influence astronomy for fifty years.” (Roman, Oral History, 15).  She joined NASA in February 1958 and retired in 1979 from her position as head of all of NASA’s efforts in Space Astronomy.
Nancy Grace Roman had wanted to be an astronomer since she was tiny.  Although her family supported her study, she encountered people like a guidance counselor who asked, “What lady would take mathematics instead of Latin?”  (Crosswell, 91)  Determined to learn astronomy, she graduated from Swarthmore College and then went to the University of Chicago to work at Yerkes Observatory as a graduate research assistant.  She received her Ph.D. in 1949 with a dissertation on the Ursa Major Cluster (Shearer and Shearer, 347) and remained at Yerkes and the University of Chicago first as a research associate, then as an instructor and finally as an assistant professor. (Roman, Resume)
At Yerkes, she joined a research group determining spectra for different types of stars.  Looking carefully at her results, Roman found a few type F stars that were bright in the ultraviolet but had many fewer lines from metals, any element heavier than carbon, than “normal” type F stars.  In other words, not all main sequence stars near to the Sun were the same.  Stars that had fewer metals and were thus members of earlier generations of star production were also brighter in the ultraviolet.  In addition, the metal poor stars tended to have higher velocities with respect to the Sun than their metal rich counterparts.  This indicated that the development of the Milky Way Galaxy was a far more complex process than had been previously supposed. (Crosswell, 90-93).  Her observations were later confirmed and expanded.  Today they provide an important observational constraint on theories of galactic origins.
By 1955, it became obvious to Roman that no woman would be granted tenure at the University of Chicago.  The chairman of the Astronomy Department, Subrahmanyan Chandrasekhar, was himself dark-skinned and probably had experienced discrimination.  Nevertheless, he told Roman, “We don’t discriminate against women.  We can just get them for less.” (Roman, Oral History, 8)  She accepted a job at the Naval Research Laboratory and worked there on a number of projects including the radar determination of the distance to the Moon and using 67 cm radio waves to map the sky. (Shearer and Shearer, 348)   Because of her distinguished track record in observational research, the breadth of her background in observational astronomy and her demonstrated ability to function internationally and in the Washington bureaucracy, Roman was an ideal candidate to lead NASA’s program in observational astronomy from space.
Politics and Publicity

In 1958, most astronomers didn’t think in terms of satellite-based instruments.  Roman traveled to each of the major astronomy departments in the country presenting the opportunities that NASA could offer in space-based astronomy.  Interest seemed higher in eastern universities where the large telescopes were far away.  At first, the observers who designed the space-based instruments had the right to use them.    This led to initial friction between astronomers working for NASA and astronomers at universities who thought the insiders had an unfair advantage.  At least one report suggested that the astronomy program should be run by a coalition of universities.  NASA established an outside advisory board for the program.  It took time and effort for NASA to solve the problem by allowing astronomers in universities to apply for time on space-based telescopes just as they could on earth-based ones.  Data from NASA instruments becomes available to the entire astronomical community after the initial observers have several months to complete their analysis first.  NASA’s astronomy program has always emphasized international cooperation so Roman had to deal with the complexities of working across national lines. (Roman, Exploring the Universe)
Roman visited industries that helped develop instrumentation for NASA to interest them in developing equipment for observational astronomy.  For example, NASA need to develop a way of pointing an instrument on a satellite in one direction and keeping it steadily pointed there.  Early observations simply looked at the Sun so the instrument could be aimed by just locking it onto the brightest object any where around.  (Roman, Exploring the Universe)  

The rapid development of detectors for physics experiments in nuclear physics and optics fed directly into the astronomy program.  Charge-coupled devices (CCDs) allowed cameras to capture images electronically, while the solid state detectors pioneered in nuclear physics could be used in satellites to detect gamma rays from astronomical sources.  Some of the first astronomical gamma ray sources were discovered by the Vela satellites that were designed by the military to detect nuclear testing activities.  Roman found herself working with physicists and, of course, engineers as she oversaw the development of satellites and the instruments they carried.
Ground-based astronomy had traditionally been funded by the National Science Foundation.  NASA and NSF signed an agreement that NSF would fund ground-based astronomy while NASA would fund space-based astronomy.  This looked clean cut on paper, but program officers quickly found themselves dealing with gray areas.  For example, theoretical studies provided models useful for analyzing data take both on earth and in space.  Fortunately, the staffers at the two agencies talked easily to one another and managed to peacefully decide who would fund which project.  (Roman, Exploring the Universe)
Finally, Nancy Grace Roman faced a barrage of publicity as the women’s movement kicked into gear during the early 1960s.  She was NASA’s highest ranking woman so that the agency asked her to do interviews for a variety of publications and to represent it in the media.  The tremendous popularity of the space program made her the subject of any number of interviews with the “women’s media” which discussed her hobby of cooking and photographed her baking cakes.

In 1980, Roman took early retirement from NASA to take care of her aging mother.  She continued to work part-time on many of the projects she had initiated.  Most notable among these were four large satellite observatories designed to explore the cosmos at all possible wavelengths of the electromagnetic spectrum. 
NASA’s Great Observatories
NASA planners decided that there were four regions of the electromagnetic spectrum where mounting detectors above the atmosphere could greatly improve our understanding of the universe in which we live.  Planning for these missions began during the days when Nancy Roman headed the astronomy program at NASA.  All the telescopes were originally designed for launch from the space shuttle which limited their size.  The first was launched in 1990 and the last in 2003 by a Delta rocket rather than the shuttle.  The data they have collected have revolutionized our understanding of astronomy. (Articles in this section are based on material in Wikipedia and “NASA’s Great Observatories)
As optical telescopes go, the Hubble Space Telescope is fairly small with a mirror only 2.4 meters in diameter.  It was designed to save money and to fit into the shuttle.  Launched in 1990 into an orbit 600 km above Earth, the Hubble was designed to observe in the ultraviolet and near infrared as well as in the visible.  Its mirror had to be polished to an accuracy of 30 nm.  A tiny error in grinding the mirror was discovered after the telescope’s launch.  In 1993, a shuttle mission installed optics to correct the error in some of the Hubble’s instruments.  The Hubble has been kept operational for a decade and a half by service missions flown by the shuttle.  Today, the Hubble’s instruments are gradually failing.  Most critically, the gyroscopes that steer the satellite are beginning to stop working.  Two of the four on board have been turned off to extend the life of the system even though using only two gyroscopes reduces the area of sky that the Hubble can observe.  Gyroscopes are critical to controlling the reentry of the telescope if it is brought back to Earth.  Without them, the satellite may crash anywhere on Earth with the possibility of doing damage to people and objects on the ground.  In the next year, NASA must decide whether to deorbit the telescope or to risk a shuttle mission to repair it.

The Hubble satellite carries optical and infrared cameras and spectrometers.  The instruments have been replaced on subsequent servicing missions.  Images from the Hubble have revolutionized our view of the universe.  It has looked deep into pillars of gas found in the Eagle Nebula to uncover the birth of stars.  Most fascinating is its observation of a patch of sky that looked empty but proved to be filled with distant galaxies.  The Hubble has looked deep into space to image some of the oldest galaxies every seen.  It has observed all of the planets in our solar system and provided unforgettable images of the collision of Comet Shoemaker-Levi 9 with the planet Jupiter.  The thousands of Hubble images already archived will continue to provide new astronomical results for the foreseeable future.
In 1991, NASA placed the Compton Gamma Ray Observatory in an orbit 450 km above the Earth’s surface. It carried detectors sensitive to photons with energies between 30 keV and 60 GeV.  These instruments not only detected gammas, but were also capable of recording images of the sky in these energy ranges.  They searched for short, sudden energetic bursts of gammas.  CGRO was 10 times more sensitive than any previous observatory, and it stayed in orbit until 2000.  The data collected by the observatory provided maps of supernovae remnants and pulsars as well as identifying gamma ray bursts with enough accuracy so that astronomers could identify their optical counterparts.  Because gamma rays are produced by extremely energetic events, this satellite contributed to our current picture of the universe as an extremely violet environment where catastrophic events play an important role in the evolution of stars and galaxies.
The Chandra X-ray Observatory was placed in a very elliptical orbit (apogee 140,161 km – 1/3 of the way to the Moon - and perigee 10,000 km) by the shuttle in 1999.  The very elliptical orbit allows Chandra to collect data for all but 10 hours of its 65 hour orbital period.  Mirrors absorb X-rays.  To focus them, some of Chandra’s mirrors with iridium coatings must be designed so that the incident X-rays strike them at a very large angle of incidence.  Chandra has four sets of nested mirrors that are the smoothest mirrors ever constructed.  The Chandra instruments have a resolution equivalent to that needed to read a newspaper at a distance of half a mile.  It does not depend on the shuttle for maintenance.  Its instruments can form X-ray images with a resolution of 0.5 arc second as well as record spectra in the X-ray region.  Chandra is currently in operation. 
Chandra has seen X-rays from the supermassive black hole that sits at the center of the Milky Way and imaged the compact objects left after supernovas.   It has seen X-rays from the mergers of galaxies.  Probably its most significant contribution has been the study of the detailed structures of the disks surrounding black holes.  Just before particles spiral into the black hole particles emit characteristic X-rays.  It has provided details of the violent events that shape galaxies as well as delineating the structures of existing galaxies and clusters.
Finally in 2003, NASA used an unmanned rocket to place the Spitzer Space Telescope in an orbit around the Sun rather than the Earth.  It essentially follows the Earth in its orbit and drifts slowly away from our planet.  It is sensitive to thermal infrared wavelengths (3.6-160 microns) that the atmosphere blocks nearly completely.   Its mirror has a diameter of 0.85 meters.  Both the mirror and the detectors must be cooled to liquid helium temperature.  The helium is estimated to run out after five years at which time Spitzer will no longer be operational.  (Spitzer General Information Page.)

 Infrared radiation can penetrate dense clouds of gas and dust.  Thus Spitzer is ideally suited to study dust-filled galaxies and look at the birth of stars in clouds of gas and dust.  The telescope has imaged extrasolar planets and looked at the structures of the disks that surround young stars.  Data from Spitzer have allowed astronomers to look at the details of the births and deaths of stars. 
NASA’s four great observatories have provided a wealth of new images that present a view of the universe from the large scale of the Big Bang and the earliest era of the formation of galaxies to the small scale of the formation of planets.  They have elucidated the violent events that have shaped the cosmos.  The program in space-based astronomy that Nancy Grace Roman initiated has more than fulfilled its promise of producing new science.
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