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Lee's imagine you're in deep space. Behind 
you, our sun is indistinguishable from che billions 
of scars that compose the Milky Way Galaxy. ln 
front of you, 4,000 light years away, you're able to 
make ouc the bright lighr of rhe Crab Nebula, a 
cloud of gas and dust left over from a violent su­
pernova explosion. You recall seeing photogr-.tphs 
of the Crab Nebula when you were back home 
and remember an ethereal crimson cloud with a 
center of brilliant white. Or was it a green-and­
gold ring of algae-like filaments, focused around 
a haze of blue smoke? Suddenly, it occurs co you 
char you've seen many phoros of rhe Crab Nebula. 
Each was entirely unlike the others, and each was 
emirely unlike the white smudge of light that 
barely makes itself visible to you from your van­
tage poinc in space. 

What's going on? Photographs of deep space 
wolJd have us believe in a Day-Glo universe. 
We're accustomed co gorgeous, derailed depictions 
of nebulas and galaxies, rendered in brilliandy 
sarurated hues. Bue if you've ever been in space, 
or at least looked at a deep space object cl1rough a 
telescope, you know that those colors aren't visible 
co me human eye. In face, many of the colors you 
see in asrrophocographs were never there co begin 
wicl1. Typically, we expect phocographs ro show us 
d1e world - and the universe - roughly as if we 
were seeing it with Ollt own eyes. Bur astropho­
cographs aim to serve a higher scientific purpose, 
and can show us much more chan char. 

Catching Rays 
To understand how astrophotographers 

cake piccure5, ir helps to chink of a camera as a 
data-collecting device. Ir records the wavelength, 
frequc119~ and amplitude of ilie light it receives. 
Encoded in d1is data is valuable information. 
Chemical elemencs emir light ac specific wave­
lengths, and if we mn idenrify rhe wavelengd1S of 
light produced by a galaxy or a nebula, we can also 
identify ilie chemical elemenrs char compose char 
galaxy or nebula. We can then infer ics origiJ1S, irs 
cvolucion, and the temperatures of its individual 
srars. A phorograph is liter-.illy a graph chat depicts 
this information. Color represents wavelength; in­
tensity of ilie color represencs amplitude. (When 
you get sunburned, your skin is a negative pho­
cograph; darkness corresponds co level of lighc 
exposure.) In a fumily phocograph, che colors cor-

respond almoSt exacdy to the wavelengths iliey 
represem. But in ascrophocography, two chemical 
elemencs might emit similar but distinct wave­
lengths of light- say, two difierenc shades of red. 
!cs important that we distinguish these cwo ele­
ment~, so an ascrophorographer might choose to 
represenr one wavelength oflight wi th a contrast­
ing color, rhe same way you might moose colors 
to represenr data on a bar graph. 

Visible Light 
To distinguish the wavelengths of light re­

corded by a camera, it's easiest to control the light 
che camera receives. Astrophorographers use a rool 
called a filrer, a piece of colored glass that blocks 
aU bur certain wavelengd1s of light. A filter allows 
astrophocographers co rake a photo of. say, just red 
light. Typically, asrrophocographers will rake three 
photographs of a11 object, each d1rough a differ­
ent color filter - red, blue, and green. Separaring 
the wavelengths of lighr into chree phocographs 
makes it possible to adjust rhe brightness and con­
trast of specific colors. The three modified phoco­
graphs are layered to produce a single full-color 

We expect photographs to show us the 

world roughly as if we were seeing it with 

our own eyes. But astrophotogrophs can 

show us much more than that. 

image with important features made visible. 
Most nebula~ are surrounded by an abun­

dance of ionized hydrogen gas. Hydrogen is the 
most plcntinil element in the universe, but ilie red 
light it produces is faint. By amplifyi ng rhe red 
layer of a three-color photograph, the hydrogen 
becomes visible. The rosy haze chat character­
izes many phorogrnphs of nebulas indicates an 
abundance of hydrogen gas. A bluish-white fog, 
like rhar seen in visible-light photos of rhe cloud 
nebula, indicates synchrotron radiation, a brighr 
light emitted by charged, fast moving parricles 
passing though magnetic fields. In rhe case of che 
Crab Nebula, it suggests d1e presence of a rapidly 
spinning neutron scar ac its cencer. 

Narrow Band Imaging 
The pinkish color of nebulas can also be in­

dicative of ionized helium gas, which, like hydro­
gen, emits red light. ln f-acr, helium and hydrogen 
are so similar in color iliac they're impossible to 

visually distinguish. When astrophocographers 
wane ro differcnriare between two elements of ilie 
same color, a simple red, blue, or green fi lter won't 
do. Instead, they use filters rhac only let in one 
specific wavelength of lighr - say, light emicred 
by sulfur. With one photograph iliac only shows 
lighr emitted by hydrogen and another chat only 
shows lighr emitted by sulfur, chey can assign an 
arbitrary concrasting color co one of the photos. 
When the photos are layered, the contrasting 
color stands our and separates the wavelengd1s. 

Non-Visible Light 
Whjle ilie visible light emissions of celestial 

bodies are interesting, space objects emir way 
more than just visible light. Thar's why we pho­
rogra~h at nearly every wavelenf,>th of elecrromag­
neric radiation there is - x-rny, gamma ray, ultra­
violet, infrared , microwave, and radio. 

Asrrophorographers can represenr phoros 
taken in non-visible forms of light by arbitrarily 
assigning colors co different wavelengths. Since 
mosr asrrophocographs you see are taken in non­
visible wavelengths, mosr of cl1e colors you see 
have no basis in facr. Usually, astrophorographers 
represcnr low-wavelengd1 light wid1 low-wave­
lengd1 colors, like red, and high-wavelengm light 
wich high-wavelengd1 colors, like blue. 

True o.r False 
Are manipulated ascrophorographs in "fu.lsc­

color"? Many scientists argue rhac iliere's no such 
d1ing as "crue color". After all, organisms - dogs, 
lizards, possible extraterrestrials - perceive color 
in al l kinds of ways. Ir's hard co define what "true 
color" is. What's imporcanc to asr.rophotographers 
is to preserve information about the wavelengd1s 
oflighr. Wavelength is an objectively measurable 
quality. Color is nor. Ascrophotographs don'c 
show us space as we'd see it wid1 our own eyes. ln­
sread, rhey give us a kind of super vision, ilie abil­
ity ro identify rhe chemical composirion of celes­
tial bodies thousands oflighr-years away. Through 
the careful manipulation of rhe fai nt fragmenr.s of 
lighr thar reach OlLr astronomical instruments, the 
universe becomes knowable. • 
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