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A WIDE-SPECTRUM 
LOOK AT THE UNIVERSE

Seeing Beyond the Visual 
Frequency “Peephole”

Good evening.  In recent years, we have begun to 
understand and appreciate that there is more to the 

electromagnetic spectrum than just the rainbow colors.  
Adventure movies often show the use of “night vision”
devices; TV commercials tout products that protect your 
skin against ultraviolet radiation; microwave ovens are in 
almost every home.  Before the advent of CCDs, some 

imaging was done with special film that was sensitive to 
infrared, ultraviolet, or X-ray radiation.  In the last 25 years, 
major progress has been made in looking at the radiation 
environment in which we exist, so let’s take a look at what’s 
going on. 
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What are we really talking 

about?
• Being able to see images of bodies 

radiating outside the normal visual 
frequency band

• Being able to see images that are 
blocked by atmospheric properties

• Being able to see new information by 
combining images taken with different 
frequency ranges

• Being able to see images of bodies 
radiating at extreme redshifts 

There are four capabilities that we are going to focus on 
this evening: collecting images across all of the 

interesting parts of the spectrum, overcoming the 
imaging problems caused by our own atmosphere, 
having the capability to combine images from different 
portions of the spectrum to help us gain new insights, 
and extending the reach of imaging to the very oldest, 

most distant, and fastest retreating objects. It sounds all 
very well and good but sort of theoretical. But a picture is 
worth a 1000 words.  And a good chef precedes the meal 
he offers with an appetizer.  So let me illustrate what this 
slide talks about by providing a graphic appetizer in 

advance of the visual meal that I hope you will enjoy 
tonight.  On a good night you can take your telescope or 
binoculars outside, look up to Ursa Major and see, 12 
million light years away, Messier 81. 
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Messier 81

This picture is small because this is about all you can see 
(even with a quality telescope) from the bottom of our 

atmosphere.  Now let’s take a peek at what can be seen 
using other parts of the spectrum. 



4

Messier 81

This is Messier 81, too!  But how much more you see!  
Look at the elegant detail in the spiral arms of this 

galaxy.  You are looking a composite created from  
pictures taken by a NASA satellite at two different 
frequencies in the infrared range.  I’ll show you this 
picture again later tonight and explain more about it then. 
But first a quick review of some facts that will be helpful 

in your understanding as we proceed.  
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LET’S TALK NUMBERS:

1
1,000

1,000,000
1,000,000,000

0.001
0.000001

0.000000001
0.000000000001

100

103

106

109

10-3

10-6

10-9

10-12

Kilo-
Mega-
Giga-
milli-
micro-
nano-
pico-

VERY BIG & very small

1027 Hella-

The nature of our topic tonight ensures that we will be talking about 
some very big and some very small numbers.  The best place to start 
is with one, then there are big ones and small ones. Often we 
represent these numbers by powers of ten, just to save repeated 
punching of the zero key.  Note that positive exponents indicate the 

number of  places to the left of the decimal point, and negative 
exponents show places to the right. These are the unit prefixes that 
indicate the exponents and are normally followed by some unit name 
, like “byte” or “meter” or “second”.  Note that the prefixes for positive 
exponents are capitalized, and aren’t for negative exponents.  These 

are mostly supplied only in steps of 10 to the third power.  Some guy 
has just proposed that a prefix should be officially defined for 10 to 
the 27th power.  He has  suggested Hella - I wonder where he got 
that idea.  To give you an idea of how big (and useless) that number 

is, the universe is about 14 billion light years across.  That’s only .5 
Hella-feet.  Now let’s turn to some concepts that are central to 
considering radiation.  
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WAVE-LENGTH,
FREQUENCY AND THE 

SPEED OF LIGHT

(Wave-length) x (Frequency) = (Light Speed) 

Light Speed = 3 x 108 meters/sec

We can characterize any electromagnetic radiation with two 
terms, wavelength and frequency. This diagram represents what 

we mean by wavelength.  The wiggly red line depicts some 
property of an electromagnetic signal, say, for example, voltage.  
The three black lines show that the values on the red line repeat 
regularly, that is, cyclically.  The length of the black line is the 
wave-length.  The number of such oscillations in a second is the 

frequency. And the speed with which the radiation travels is 
wave-length times frequency. When we’re talking about 
electromagnetic radiation the speed is fixed at light speed, 3 x
10 to the 8th meters/sec. So, wave-length and frequency 
behave reciprocally - the higher the frequency, the shorter the 

wave-length, and vice-versa. If you know the wave-length you 
can calculate the frequency, and vice-versa.  So, with that much 
of hi-tech stuff, let’s move on. 
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Seeing with the Unaided Eye

What can we see with the unaided eye?  The familiar 
“rainbow” spectrum - violet through red. Notice that the 

waves are closer together at the violet end than at the 
red end.  Because the wave length at the violet end is 
shorter, the frequency must be higher there, right?  The 
graduations at the bottom of the picture are wave 
lengths, measured in micrometers (sometimes 

abbreviated as microns). 
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WHY DO I CALL THE 

VISUAL FREQUENCY 
RANGE A “PEEPHOLE” ?

TAKE A LOOK 

AT THIS...

The subtitle of the presentation says we have been 
looking at the universe through a peephole.  Why?  Well,

Take a look at this next slide.
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Our Atmosphere Blocks Most 

Electromagnetic Radiation

Gamma                UV     IR               Radio     

X-ray Visible

This is a graph showing the extent of radiation blockage (0 to 100%) 
versus wave-length.  The horizontal wave-length scale is logarithmic, 

going from .0.1 nanometer to 1 kilometer - a range of 13 orders of 
magnitude!  And there is more not shown on either end (but we’re not 
going to say much about the missing parts. And left of center is that 
rainbow stripe that represents the ground-visible wave lengths.  That’s 
our “peephole”. Now starting at the left, gamma radiation falls mostly 

off the chart, with wave-lengths in fractions of a picometer. X-rays fall 
next, with wavelengths in the fractions of a nanometer.   Next comes 
ultraviolet light between 10 and 400 nanometers, visible light between 
400 and 700 nanometers. Infrared starts there and runs up to 300
micrometers and radio takes over from there out to several hundred 

kilometers.  All of the stuff under the curve is denied to us if our 
vantage point lies on the ground.  Moving up to mountain tops helps 
somewhat, but not enough to keep astronomers happy.  
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SOLUTION...

MOVE OUR 
INSTRUMENTATION 

BEYOND THE 

ATMOSPHERE

This makes (literally and figuratively) a world of 
difference.  It helps even in the visible range by avoiding 

air turbulence, precipitation, ambient light and electrical 
and magnetic displays.  About 25 years ago people were 
beginning to think seriously about taking action on a large 
scale.
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“GREAT OBSERVATORIES”

• NASA Program developed in mid-1980’s

• Four satellites, each covering a different 

portion of the electromagnetic spectrum

• Satellite design should push the state-of-
the-art

• Incorporated on-going work on Hubble 

and Gamma Ray Observatory

The Great Observatories is the name NASA came up 
with in the ‘80s to describe a long-term program to 

provide satellite-based imaging across most of the 
electromagnetic spectrum.  It involves four satellites, 
covering four major segments of the spectrum: Gamma 
ray,  X-ray, visible and near UV and near infrared, and 
mid-range and far infrared. Satellite design was to push 

the state of the art.  Since preliminary work was 
underway at that time on two satellites, Hubble and the 
Gamma Ray Observatory, they were officially 
incorporated in to the program.  
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FOUR SATELLITES

• Named after prominent scientists

• Compton - gamma rays (~10 pico-m)

• Chandra - X-rays (0.12 - 12 nano-m) 

• Hubble - UV, visual and near infrared

• Spitzer - infrared (3 - 180 micro-m)

Here are more details on the Great Observatories. They 
were to be named after scientists whose work correlated 
with the individual satellites’ missions.  NASA’s practice 
was to assign a functional  name to satellites until they 
reach successful orbital operation, at which time an 

“Official” name is announced.  I am using the official 
name here. The names are as follows, along with the 
radiation type and the designed wave-length 
assignments.  
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Great Observatory Satellites 

Namesakes for….

Arthur H. Compton S. Chandrasekhar Lyman Spitzer

Arthur Compton (born 1892, died 1952) Nobel laureate in 
physics in 1927.  He did pioneering work in X-ray scattering, 

the results of which sent Neils Bohr and his quantum theory 
guys back to the drawing board for some major revisions. 
Subrahmanyan Chandrasekhar (born 1910, died 1995) an 
Indian-American astrophysicist.  He was a Nobel laureate in 
physics in 1983.  Discoverer of the Chandrasekhar limit - the 

upper limit on the size of a burned-out star to become a white 
dwarf and the lower limit for it to  collapse into a neutron star 
or black hole. Lyman Spitzer (born 1915, died in 1997) an 
American theoretical physicist and astronomer, known for his 
research in star formation.  He was an early advocate for 

telescopes in space.  Three pretty impressive scientists and 
all worthy of the honor.  
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THAT’S RIGHT….WE’RE 
SKIPPING OVER HUBBLE

IT’S WORTH A WHOLE 
EVENING, ALL BY ITSELF

BESIDES, YOU ALL KNOW 

QUITE A LOT ABOUT IT 
ALREADY
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Compton Gamma Ray 
Observatory - Four Instruments

• BATSE - Burst and Transient Source 
Experiment

• COMPTEL - Compton Gamma Ray 
Telescope

• EGRET - Energetic Gamma Ray 
Experiment Telescope

• OSSE - Oriented Scintillation 
Spectrometer Experiment

Compton had four instruments aboard. BATSE detected 
and located Gamma ray bursts - extremely energetic 

explosions occurring at great distances. COMPTEL was 
able to determine the energy levels of mid-range energy 
gamma ray photons and the direction to their source.
EGRET performed much the same function for high 
energy photons. OSSE did much the same job for 

photons in the lower energy range.  Let’s look more 
closely at their relationships. 
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Here you can see a diagram of the Compton physical 
configuration.  Because of the wide range of energies 

involved, the different instruments were designed and 
built by different experimenters and, for BATSE, con-
figured differently. 
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120 pico-m 0.000012 pico-m

p

Here are the working ranges of the instruments covering the total 
spectrum range of Compton.  Scientists working in this area of 

the spectrum like to talk in terms of the ENERGY of the radiation, 
rather than its wave-length or frequency, so you will notice that 
the scale along the bottom is calibrated in eV, which stands for
“electron Volts”.  We can convert eV to wave-length and here are 
the values of the corresponding wave-lengths at the scale 

extremes.  Note that the lowest energy converts to the longest 
wave-length, and the highest energy to the lowest wave-length.  
And note that the wave-lengths are AWFULLY small.  Now let’s 
look at some imagery.  The next three images are all of the same
geometry - an oval in which the origin is the center or our galaxy, 

the horizontal axis is the plane of our galaxy with its extremes at 
+ and - 180 deg. And the vertical with extremes of + and - 90 
deg, so these are maps of the WHOLE sky.
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BATSE Detected 2700+ 
Burst Sources

(Colors encode intensity)

This is the product of BATSE’s whole job - the bursts 
occurred about one per day during Compton’s active life.  

Statistical analysis of this data indicates that there is no 
preferred direction from which the bursts come.  Some 
interesting facts and hypotheses have been developed 
from this data and follow-on data from later satellites.  
Fact - there seem to be two classes of bursts - long and 

short, with the dividing line between them at about 2 
seconds.  Hypothesis - long bursts are due to extremely 
distant supernovas, and short bursts are due to merging 
neutron stars.  This is a fascinating area and we could 
spend a lot more time talking about it, but we had better 

move on. 
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COMPTEL Full-Sky Map

Gamma Ray Sources of 0.75 to 3.0 MeV

Here is a display of Comptel’s results. The red coloration 
shows the highest intensities and the blue the least.  The 

biggest red area (at the extreme right) is the Crab 
nebula. In contrast to the burst map, distribution here is 
far from random. 
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EGRET - Full-Sky Map

Gamma Ray Sources of 30 MeV to 30 GeV

As we move to the map of the higher energies, we can 
see the strong bias to the galactic plane, and to the 

center of the galaxy. 
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OSSE Looks at the Center 
of Our Galaxy

With OSSE pointed to the center we see 2 things to be 
expected and  one unexpected.  The specific radiation 

that produced this image is generated by the annihilation 
of positrons produced in novas, supernovas, neutron 
stars and black holes.  The horizontal blobs are probably 
just extensions out into the plane of the galaxy of the 
central bright spot.  But what’s that blob extending out 

above the plane of the galaxy.  One hypothesis is that it 
is an “anti-matter cloud”.  Wouldn’t that be interesting! 
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Compton - Milestones

• Launched in April 1991

• At 17,000 lbs., heaviest scientific 

satellite orbited up to that time

• Successful operation of all instruments 

until 2000, when a gyroscope failed

• Intentionally de-orbited to an ocean 

landing by NASA in June 2000
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Successors to Compton

• BeppoSAX - Italian Space Agency 1996 

- 2002

• HETE-2 - High Energy Transient 

Explorer 2000 - 2006

• Swift - launched 2004, still operating

• Fermi - launched 2008, still operating

BeppoSAX and HETE-2 (High Entergy Transient 
Experiment) Continued the job of Compton’s BATSE in 

the search for Gamma Ray Bursts.  One the biggest 
unknowns at the time of Compton’s space mission was 
“what specific star or galaxy produced a specific gamma 
ray blast?” The short duration of the blast made it 
difficult to put telescopes on the point of the blast in time 

to catch after effects that might show up in other wave-
length domains. SWIFT combines blast detection with an 
x-ray and a UV telescope that can slew to the point of the 
blast very quickly.  Swift also provides accurate location 
to a ground network to search for “afterglows” of bursts.  

Fermi is the latest addition to satellites in this area.  Let’s 
move on to Chandra
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Chandra X-ray Observatory

• Initial design by Marshall Space Flight 
Center and Smithsonian Astrophysical 
Observatory

• 100 times more sensitive to X-ray 
sources than any previous satellites

• Launched in July 1999

• In 64-hour orbit - 83,000 x 9,900 miles

• Still in full operation 

Here are some of the basic facts. Let’s take a look at the 
satellite itself 
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Chandra Spacecraft

Chandra was carried to near-earth orbit by the Shuttle 
and then boosted to its final eccentric orbit by a two-

stage rocket system.  The unique requirements of the X-
ray imaging hardware account for the long tapered tail of 
the satellite.  Instrumentation includes an imaging 
spectrometer and a high-resolution camera.  Let’s look at 
some of the images. 
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Supernova Remnant

Cassiopeia A

The best guess is that this supernova dates from about 
350 years ago. The thin green ring on the periphery is 

about 10 light years in diameter.  It’s a shock wave from 
the supernova explosion.   At the upper left is a silicon-
rich jet, probably from a secondary explosion early in the 
process.  Below, and almost 90 deg from it (the angle 
looks smaller due to perspective) are blue fingers of iron 

gas from the core of the exploding star.  The red, green, 
and blue colors correspond to low, medium, and high X-
ray energies. 
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The Center of Our Galaxy

We saw an image a few slides back of this region in 
gamma rays.   Here, the lobes of hot gas extending to 

either side of the center show that they are radiating at  
X-ray wave lengths too.  The supermassive black hole at 
our galaxy center is believed to be untypical. The fuel 
source for others of its kind is powerful winds pulled off 
massive young stars nearby by the gravity of the black 

hole.  Our black hole suffers from a poor source of fuel 
because the stars supplying the winds are fewer and 
farther away.  Nevertheless, the experts say that the 
characteristics of the gas lobes indicate repeated 
powerful eruptions over the last 10,000 years. 
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NGC 2841

Chimney Smoke?

Chandra catches the results of outflows of gas from giant 
stars and supernova explosions in the disk of the galaxy 

that rise outward like smoke from chimneys.  The gases 
are heated to millions of degrees and consequently 
radiate at wave lengths to which Chandra is sensitive.  
This image is a composite of x-ray data (blue) and optical 
data (gray).  This combination of images provided the 

first concrete picture of a process that was only a theory 
up to that time.
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Serious Science,

Accidental Art,

or Astrophysical 
Rorschach Test?

This beautiful X-ray nebula spans about 150 light 
years.The bright spot in the center is a very young and 

powerful pulsar.  It is estimated to be about 1700 years 
old and to be about 17000 light years away.  It is a 
rapidly spinning neutron star that is spewing energy as it 
rotates at 7 revolutions / sec.  At its surface its magnetic 
field is 15x10 to the 12 power times Earth’s field.  

Chandra paints the lower energy areas red and the 
higher blue. This is surely serious science, It is also 
accidental art,  but what worries me a little is, is it an 
astrophysical Rorschach test? Who put it there?  What 
do YOU see?  Let’s move on to Spitzer
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Spitzer Space Telescope

• Launched August 2003

• In heliocentric orbit, drifting away from 

Earth’s orbit at 0.1 AU per year

• Main mirror is 85 cm in diameter, made 

of beryllium, and cooled to 5.5 deg. K

• Coolant exhausted in May 2009, but 

mission continues with reduced 
capability

What does Spitzer look like?  Let’s see
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The Complete 

Spitzer in the 
Clean Room

Compare height 

with the technician 

at lower left

Here it is being prepped for launch.  The tech in the lower 
left gives you some idea of scale.  It weighs over a ton, 

and has some sophisticated insides.  Here is the 
telescope itself
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The 
Telescope 

Assembly in 
the Clean 

Room

The shiny disc in the center is, of course, the mirror.  It’s 
focal length is about 35 feet.  Let’s take a look at the 

instrumentation
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Three On-board Instruments

• IRAC - InfraRed Array Camera

• IRS - InfraRed Spectrograph

• MIPS - Multiband Imaging Photometer 

for Spitzer

IRAC operates simultaneously on four wavelengths 
grouped in the near infrared.  IRS is a spectrometer with 

four sub-modules with wave lengths grouped in the mid-
infrared.  MIPS has three detector arrays sensitive to the 
far infrared.  Their relationships are depicted in the next 
slide. 
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Instrument Wavelength 
Coverage

The instrument capabilities are graphed here against the 
wave length scale on the bottom of the diagram.. Note 

also the two humps labeled “Starlight” and “Dust”. They 
show, qualitatively, intensity vs. wave length for the two 
main sources of radiation.  Now let’s look at results.  
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Orion 
Nebula 
as seen 

by 
Spitzer 

& 
Hubble

Two different views of the same object, and at the same 
scale.  Spitzer sees more detail, farther out from the 

bright central stars - dust clouds probably.  Now let’s 
superimpose the two pictures, home in on the central 
stars somewhat and add more colors to the false color 
palette. 
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ORION

Super-

imposed 

images

Wave length  
(microns)      Color

.43-.53        Blue
.6-.91         Green
3.6            Orange
8               Red

Orion, at 1500 light years distant, is our nearest massive 
star factory.  There are actually four bright stars in the 

center, each more powerful by a factor of 100,000 than 
our Sun.  The swirls of green come from Hubble’s UV 
and visible light detectors.  They are hydrogen and 
gaseous sulfur heated by the intense radiation from the 
central stars. The red and orange wisps were detected 

by Spitzer and contain carbon rich molecules.  Spitzer 
also exposed infant stars embedded in the dust and 
gases.  These are the orange-yellow dots. In this false 
color rendition,  the specific wave lengths that produced 
the various colors are listed here.  Now, let’s take yet 

another look at the center of our galaxy
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Center of Our Galaxy

Red = Spitzer   Yellow = Hubble   Blue = Chandra

The width of this image is about one-half degree, or 
about the width of the full moon. The center of the galaxy 

and the location of its supermassive black hole is here.   
This blue blob is emission from a double star system 
containing a neutron star or a black hole.  Note the 
variety of shapes radiating in the infrared.  
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Cassiopeia A

Here’s another look at the supernova remnant 
Cassiopeia A.  The previous image was pure Chandra.  

Here the reds are from Spitzer, Hubble supplies the 
yellows, and Chandra the greens and blues.. The jet we 
noted before is now more  delicately structured.  Onward! 
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Messier 81

You’ve seen this one before, and here it is again.  The 
main image is a composite of data from two Spitzer 

instruments, the Infrared Array Camera and the 
Multiband Imaging Photometer.  The insert (upper right) 
shows a visible light picture for comparison.  The red 
clumpy knots in the spiral arms show where massive 
stars are being born, 
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The Eagle Nebula - M16

This is a recent Spitzer image of M16.  Hubble took a 
visible light picture in 1995 that had relatively wide 

circulation in the public press - it was on TV’s Star Trek 
Voyager and on liner notes for a Pearl Jam album.  That 
picture showed three opaque pillar-like dust clouds. They 
show here as these wispy green areas.  The red areas 
here did not show at visual wave-lengths.  The central 

red area is dust that has likely been warmed by a 
supernova explosion that we would have been able to 
see one or two thousand years ago.  Astronomers 
speculate that the shock wave from the explosion 
probably destroyed those dust pillars 6000 years ago, but 

since the Eagle nebula is about 7000 light years away, 
we will have to wait another 1000 years to see what 
happened.  In other words, don’t hold your breath! 
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OPENING THE PEEPHOLE...

• Good coverage of the electromagnetic 
spectrum across all “interesting” areas

• Observation points beyond our 
atmosphere

• Comprehensive capability to combine 
images from multiple frequencies

• Imaging out to 13 billion light years -

95% of “Big Bang Time”

• Today - 17 “Observatories” operating 

The Great Observatories have provided:

To summarize, the four properties that we talked about at the 
beginning are all present in the great observatories, and you’ve 

seen evidence thereof.  And now, Compton is no longer 
orbiting, but several successors have picked up the function.  
Chandra has exceeded its design life but is still going strong. 
Hubble is in its final operating configuration and will be replaced 
by the James Webb telescope around 2013.  Spitzer is on its 

last legs, but ESA’s Herschel, launched in 2009, is covering the 
infrared.  Today, according to research by Anthony Origela, (a 
recent addition to our membership)  there are 17 space-based 
observatories now in operation.  How’s that for following up on 
success?  
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Question Time….

? ?
?

?
?

?

??

?

?

If you are interested in following up on anything, I can 
provide the references.  Thanks for your attention.  And 

thanks for the good counsel of Joel Thomas, Dave Wood 
and Ron Olson. Good Night!


