
NASA’s Great Observatories 



To grasp the wonders of the cosmos, and understand its infinite variety 
and splendor, we must collect and analyze radiation emitted by 

phenomena throughout the entire electromagnetic (EM) spectrum. 
Towards that end, NASA proposed the concept of Great 

Observatories, a series of four space-borne observatories designed 
to conduct astronomical studies over many different wavelengths 

(visible, gamma rays, X-rays, and infrared). An important aspect of 
the Great Observatory program was to overlap the operations 

phases of the missions to enable astronomers to make 
contemporaneous observations of an object at different spectral 

wavelengths. 



   The first element of the program -- and arguably the best 
known -- is the Hubble Space Telescope (HST). The 
Hubble telescope was deployed by a NASA Space 

Shuttle in 1990. A subsequent Shuttle mission in 1993 
serviced HST and recovered its full capability. A second 

successful servicing mission took place in 1997. 
Subsequent servicing missions have added additional 
capabilities to HST, which observes the Universe at 
ultraviolet, visual, and near-infrared wavelengths. 



Since its preliminary inception, HST was designed to be a 
different type of mission for NASA -- a long term space-
based observatory. From its position 380 miles above 

Earth's surface, the Hubble Space Telescope has 
contributed enormously to astronomy. It has expanded our 

understanding of star birth, star death, and galaxy evolution, 
and has helped move black holes from scientific theory to 
fact. Credited with thousands of images and the subject of 

thousands of research papers, the space telescope is 
helping astronomers answer a wide range of intriguing 

questions about the origin and evolution of the universe. 

Diagram of the Space Telescope, 1981  



Hubble Discoveries 



Supermassive Black Holes in 

Centers of Galaxies 

We have known for quite 

some time that there are 

massive black holes in 

centers of galaxies, but 

Hubble showed us that 

there are super massive 

black holes in centers of 

galaxies. 

 In our own galaxy, the 

Milky Way, there is a 

massive black hole with a 

mass of about 3.6 million 

solar masses.  



Galaxy M82 Hubble discovered a super 

massive black hole in galaxy 

M-87 where you see these jets 

coming out of the center. The 

super massive black hole has a 

mass of about three billion 

solar masses. 

The way that this jet is formed, is 

that this super massive black 

hole in the center accretes 

material from its surroundings.  

That material forms an accretion  

disk like a flat pancake. From 

the center of this disk, 

perpendicular to the disk you 

can get these powerful jets, one 

of which is seen here.  



Hubble discovered a remarkable relation between the mass of the black 

hole and the mass of the bulge of the galaxy around its center.  



The Birth of Stars and Planets 



Orion Nebula M42 





Orion Proplyds: Infant Solar Systems in the process of formation. 



Officially designated NGC 3324, the Keyhole Nebula is a smaller region superposed 

on the larger Eta Carina Nebula. The nebula was created by the dying star Eta 

Carina, which was prone to violent outbursts during its final centuries.  



Clouds of glowing gas mingle with lanes of dark dust in the Trifid Nebula, a star 

forming region toward the constellation of Sagittarius.  



Eagle Nebula 

The Eagle Nebula (also known as 

Messier Object 16, M16 or NGC 

6611), perhaps one of the most 

famous and easily recognized 

space objects, is a young open 

cluster of stars.  



Images made in 

1995 by the Hubble 

Space Telescope 

greatly improved our 

understanding of 

processes inside the 

nebula. The region 

of the Eagle Nebula 

known as the 

"Pillars of Creation" 

is a large region of 

star formation. Its 

small dark areas are 

believed to be proto 

stars.  



In early 2007 scientists using 

the Spitzer space telescope 

discovered evidence that the 

Pillars were likely destroyed 

by a supernova explosion 

about 6,000 years ago, but 

the light showing the new 

shape of the nebula will not 

reach Earth for another 

million years.  



The Cone Nebula (also known as NGC 2264) is an emission 

nebula  in the constellation of Monoceros. It was discovered by 

William Herschel in 1785. The nebula is located about 800 

parsecs or 2,600 light-years away from Earth. 



The Cone Nebula is part of the nebulosity surrounding the Christmas Tree 

Cluster 



Hubble Deep Field and Galaxy Evolution 



The Compton Gamma Ray Observatory (CGRO) was the 

second of NASA's Great Observatories. Compton, at 17 

tons, was the heaviest astrophysical payload ever flown 

at the time of its launch on April 5, 1991, aboard the 

space shuttle Atlantis. This mission collected data on 

some of the most violent physical processes in the 

Universe, characterized by their extremely high energies. 



Gamma rays are the most energetic form of electromagnetic 

radiation, with more than 10,000 times more energy than 

visible light photons.  



All but the highest energy gamma rays are stopped by Earth's 

atmosphere so gamma-ray telescopes must be flown at high 

altitudes such as those attained by research balloons or 

orbiting spacecraft. Because each band of electromagnetic 

radiation can provide key information about physical 

processes in the Universe, astronomers increasingly rely on 

observations across the electromagnetic spectrum. For high-

energy processes, gamma rays are important.  



Compton had four instruments that covered an 
unprecedented six decades of the electromagnetic 

spectrum. In order of increasing spectral energy 
coverage, these instruments were the Burst And 

Transient Source Experiment (BATSE), the Oriented 
Scintillation Spectrometer Experiment (OSSE), the 
Imaging Compton Telescope (COMPTEL), and the 

Energetic Gamma Ray Experiment Telescope (EGRET). 
For each of the instruments, an improvement in 

sensitivity of better than a factor of ten was realized over 
previous missions. Compton was safely de-orbited and 

re-entered the Earth's atmosphere on June 4, 2000  



The Compton Observatory had a diverse scientific agenda, 

which included studies of very energetic celestial 

phenomena: solar flares, gamma-ray bursts, pulsars, nova 

and supernova explosions, accreting black holes of stellar 

mass, quasar emission, and interactions of cosmic rays with 

the interstellar medium. 



Compton Discoveries 



The all-sky map produced by Energetic Gamma Ray 

Experiment Telescope (EGRET) is dominated by emission 

from interactions between cosmic rays and the interstellar 

gas along the plane of our Galaxy, the Milky Way.  



In a map of the Galactic center region, scanning 

observations made by the Oriented Scintillation 

Spectrometer Experiment (OSSE), reveal gamma-ray 

radiation from the annihilation of positrons and electrons 

in the interstellar medium.  

http://heasarc.gsfc.nasa.gov/docs/cgro/cgro/osse_511map.html


One of the Burst And Transient Source Experiment’s 

(BATSE), primary objectives was the study of the mysterious 

phenomenon of gamma-ray bursts - brief flashes of gamma 

rays which occur at unpredictable locations in the sky. 

BATSE's all sky map of burst positions shows that, unlike 

Galactic objects which cluster near the plane or center of the 

Galaxy, these bursts come from all directions.  



The third member of the Great Observatory family, the 

Chandra X-Ray Observatory (CXO), was deployed from a 

Space Shuttle and boosted into a high-Earth orbit in July 

1999. This observatory is observing such objects as black 

holes, quasars, and high-temperature gases throughout 

the x-ray portion of the EM spectrum. 



Chandra detects and images X-ray sources that are billions of 

light years away. The mirrors on Chandra are the largest, most 

precisely shaped and aligned, and smoothest mirrors ever 

constructed. If the surface of Earth was as smooth as the 

Chandra mirrors, the highest mountain would be less than six 

feet tall! The images Chandra makes are twenty-five times 

sharper than the best previous X-ray telescope. This focusing 

power is equivalent to the ability to read a newspaper at a 

distance of half a mile. Chandra's improved sensitivity is 

making possible more detailed studies of black holes, 

supernovas, and dark matter. Chandra will increase our 

understanding of the origin, evolution, and destiny of the 

universe. 



Chandra is designed to observe X-rays from high-energy 

regions of the universe, such as the remnants of exploded 

stars. The two images of the Crab Nebula supernova remnant 

and its pulsar shown below illustrate how higher resolution 

can reveal important new features. 

Crab Nebula - ROSAT Credit: S. 

L.Snowden USRA, NASA/GSFC  

Crab Nebula - Chandra 

Credit: NASA/CXC/SAO  



The Chandra telescope system consists of four pairs of 

mirrors and their support structure. 

X-ray telescopes must be very different from optical 

telescopes. Because of their high-energy, X-ray photons 

penetrate into a mirror in much the same way that bullets slam 

into a wall. Likewise, just as bullets ricochet when they hit a 

wall at a grazing angle, so too will X-rays ricochet off mirrors.  



Probably the most surprising objects observed in X-rays are 

comets. Now X- rays are normally associated with the hottest 

things in the universe, black holes, the beginning of the 

universe... Comets were pretty well described by Fred Whipple 

as being "dirty snowballs". So how does a snowball make X-

rays?  



It gets back to a strange phenomenon called charge exchange. 

The Sun is constantly streaming very hot particles called ions 

into the Solar system. This stream is called the solar wind, and 

the ions are so highly charged that they will actually steal 

electrons from cold gas if they can. A comet becomes active 

when it gets close to the Sun and it starts putting cold gas out 

into space, and as you can imagine, it is quite cold. This charge 

exchange takes place every time an ion gets close to a cold 

gas molecule, and each time this happens, an X-ray is emitted. 

This makes comets very bright in X-rays.  



On July 14, 2000 the 

Chandra X-ray Observatory 

imaged the comet 

repeatedly for a total of 2 ½ 

hours and detected X-rays 

from oxygen and nitrogen 

ions. The details of the X-

ray emission, as recorded 

on Chandra's Advanced 

CCD Imaging 

Spectrometer, show that the 

X-rays are produced by 

collisions of ions racing 

away from the Sun (solar 

wind) with gas in the comet. 

In the collision the solar ion 

captures an electron from a 

cometary atom into a high 

energy state. The solar ion 

then kicks out an X-ray as 

the electron drops to a 

lower energy state.  
X-rays from Comet C/1999 S4 (LINEAR).  



A composite image by Chandra (blue) and by the HST (red & 

green) shows where the hot, X-ray emitting gas appears in 

relation to the cooler material seen in optical wavelengths. A 

planetary nebula is formed when a dying red giant star puffs off 

its outer layer, leaving behind a hot central core. 

White Dwarfs & Planetary Nebula – NGC6543 Cat’s Eye 



NGC3079: A spiral galaxy about 55 million light years from Earth 

Chandra’s X-

ray image 

combined with 

Hubble’s optical 

image reveal 

towering 

filaments of 

warm (about 

ten thousand 

degrees 

Celsius) and 

hot (about 10 

million degrees 

Celsius) gas 

that blend to 

create the 

horseshoe-

shaped feature 

near the center. 



NGC6888 – The Crescent Nebula – 5,000 light years from Earth 

About 400,000 years ago, 

the massive star 

HD192163 expanded 

enormously to become a 

red giant and ejected its 

outer layers at about 

20,000 miles per hour. 

200,000 years later, the 

intense radiation from the 

exposed hot, inner layer of 

the star began pushing 

gas away at speeds in 

excess of 3 million miles 

per hour. 

The collision of the high 

speed stellar wind with the 

slower red giant wind 

compressed the gas into a 

dense shell. 



The Spitzer Space Telescope represents the fourth and 

final element in NASA's Great Observatory program. 

Spitzer fills in an important gap in wavelength coverage 

not available from the ground -- the thermal infrared. 



The Spitzer Space Telescope was launched into space by a 

Delta rocket on August 25, 2003. Spitzer obtains images and 

spectra by detecting the infrared energy, or heat, radiated by 

objects in space between wavelengths of 3 and 180 microns 

(1 micron is one-millionth of a meter). Most of this infrared 

radiation is blocked by the Earth's atmosphere and cannot be 

observed from the ground. 



Spitzer Discoveries 



Rocky terrestrial planets, perhaps like Earth, Mars or 

Venus, appear to be forming or to have recently formed 

around a star in the Pleiades ("seven sisters") star cluster, the 

result of "monster collisions" of planets or planetary embryos 



Located about 400 light-years away, the Pleiades is one of 

the closest star clusters to Earth. One of the cluster's stars, 

known as HD 23514, which has a mass and luminosity a 

bit greater than that of the sun, is surrounded by an 

extraordinary number of hot dust particles — hundreds of 

thousands of times as much dust as around our sun. 

Astronomers believe the dust must be the debris from a 

monster collision, a cosmic catastrophe.  



A new image from NASA's Spitzer Space Telescope shows a 

baby star 1,140 light-years away from Earth blowing two 

massive "bubbles."  

The young star, called HH 46/47, is using powerful jets of gas 

to make bubbles in outer space.  



The infant star can be seen as a white spot toward the center of the Spitzer 

image. The two bubbles are shown as hollow elliptical shells of bluish-green 

material extending from the star. Wisps of green in the image reveal warm 

molecular hydrogen gas, while the bluish tints are from starlight scattered by 

surrounding dust. Red specks at the end of each bubble show the presence 

of hot sulfur and iron gas where the star's narrow jets are currently crashing 

head-on into the cosmic cloud's gas and dust material. 



This "death star" galaxy was discovered through the combined efforts of both 

space and ground-based telescopes. NASA's Chandra X-ray Observatory, 

Hubble Space Telescope, and Spitzer Space Telescope were part of the effort.  

Known as 3C321, the system contains two galaxies in orbit around each 

other. Data from NASA's Chandra X-ray Observatory show both galaxies 

contain super massive black holes at their centers, but the larger galaxy has 

a jet emanating from the vicinity of its black hole. The smaller galaxy 

apparently has swung into the path of this jet.  



M81, NGC 3031, Bode's Galaxy  

M81 may be undergoing a surge of star formation along the spiral arms due 

to a close encounter it may have had with its nearby spiral galaxy NGC 3077 

and a nearby starburst galaxy (M82) about 300 million years ago.  



Baby Stars in the Witch Head Nebula  

Eight hundred light-years away in the Orion constellation, a gigantic murky 

cloud called the "Witch Head" nebula is brewing baby stars.  

The stellar infants are revealed as pink dots in this image from NASA's 

Spitzer Space Telescope. Wisps of green in the cloud are carbon-rich 

molecules called polycyclic aromatic hydrocarbons, which are found on 

barbecue grills and in automobile exhaust on Earth. 



What’s Next ? The James Webb Space Telescope 

The James Webb Space Telescope (JWST) is a large, infrared-optimized 

space telescope, scheduled for launch in 2013. JWST will find the first 

galaxies that formed in the early Universe, connecting the Big Bang to our 

own Milky Way Galaxy. JWST will peer through dusty clouds to see stars 

forming planetary systems, connecting the Milky Way to our own Solar 

System. JWST's instruments will be designed to work primarily in the 

infrared range of the electromagnetic spectrum, with some capability in 

the visible range. 

JWST will have a large mirror, 6.5 meters (21.3 feet) in diameter and will 

reside in an orbit about 1.5 million km (1 million miles) from the Earth.  


