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SPECTROSCOPY 

Typically, one can observe two distinctive classes of spectra: continuous and discrete. For a continuous 
spectrum, the light is composed of a wide, continuous range of colors (energies).  This is shown in 
Plank’s law of black body radiation. With discrete spectra, one sees only bright or dark lines at very 
distinct and sharply-defined colors (energies).  These are the result of the following conditions: 

• Hot transparent gas produces emission spectra (producing light of specific spectra) 
• Cool transparent gas results in absorption spectra (the cool gas absorbs specific spectra of light 

passing through it). 
• Hot opaque objects produce continuous spectra (black body) 

 

http://www.pas.rochester.edu/~blackman/ast104/absorption.html 

 

https://www.khanacademy.org/partner-
content/nasa/measuringuniverse/spectroscopy/a/absorptionemission-lines 

 

https://www.khanacademy.org/partner-content/nasa/measuringuniverse/spectroscopy/a/absorptionemission-lines
https://www.khanacademy.org/partner-content/nasa/measuringuniverse/spectroscopy/a/absorptionemission-lines
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Hot opaque objects produce continuous spectra (aka, black body radiation (Plank’s law)) 

 

 

 

 

Continuous spectra arise from dense gases or solid objects which radiate their heat away through the 
production of light. Such objects emit light over a broad range of wavelengths, thus the apparent 
spectrum seems smooth and continuous. Stars emit light in a predominantly (but not completely!) 
continuous spectrum. Other examples of such objects are incandescent light bulbs, electric cooking 
stove burners, flames, cooling fire embers and... you. Yes, you, right this minute, are emitting a 
continuous spectrum -- but the light waves you're emitting are not visible -- they lie at infrared 
wavelengths (i.e. lower energies, and longer wavelengths than even red light). If you had infrared-
sensitive eyes, you could see people by the continuous radiation they emit! 
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Optical spectroscopy (Wikipedia) – absorption and emission spectroscopy  

 

Emission and absorption spectral lines correlated to changes in electron orbital energy.  
http://montessorimuddle.org/2012/02/01/emission-spectra-how-atoms-emit-and-absorb-light/ 

 

Electrons exist in energy levels (i.e. atomic orbitals) within an atom. Atomic orbitals are quantized, 
meaning they exist as defined values instead of being continuous (see: atomic orbitals). Electrons may 
move between orbitals, but in doing so they must absorb or emit energy equal to the energy difference 
between their atom's specific quantized orbital energy levels (photon energy = frequency of the light; 
higher frequency means more energy). In optical spectroscopy, energy absorbed to move an electron to 
a higher energy level (higher orbital) and/or the energy emitted as the electron moves to a lower energy 
level is absorbed or emitted in the form of photons (light particles). Because each element has a unique 
number of electrons, an atom will absorb/release energy in a pattern unique to its elemental identity 
(e.g. Ca, Na, etc.) and thus will absorb/emit photons in a correspondingly unique pattern. The type of 
atoms present in a sample, or the amount of atoms present in a sample can be deduced from measuring 
these changes in light wavelength and light intensity. 

Optical spectroscopy is further divided into atomic absorption spectroscopy and atomic emission 
spectroscopy. In atomic absorption spectroscopy, light of a predetermined wavelength is passed 
through a collection of atoms. If the wavelength of the source light has energy corresponding to the 
energy difference between two energy levels in the atoms, a portion of the light will be absorbed. The 
difference between the intensity of the light emitted from the source (e.g., lamp) and the light collected 
by the detector yields an absorbance value. This absorbance value can then be used to determine the 
concentration of a given element (or atoms) within the sample. The relationship between the 
concentration of atoms, the distance the light travels through the collection of atoms, and the portion of 
the light absorbed is given by the Beer–Lambert law. In atomic emission spectroscopy, the intensity of 
the emitted light is directly proportional to the concentration of atoms. 

 

 

http://montessorimuddle.org/2012/02/01/emission-spectra-how-atoms-emit-and-absorb-light/
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Spectral emission lines from various elements – each element has a unique “fingerprint”. 
(https://practical-chemistry.com/practical-work/chemistry/atomic-structure/atomic-emission-spectra/) 

 

Applications in Astronomy 

While certain information, such as temperature, can be determined from analyzing blackbody spectra 
(Plank’s law), more information can be obtained from detailed spectral analysis. It is ironic that one of 
the most powerful investigative tools in astronomy is based on events happening at the 
smallest of scales: interaction between light and electrons.  More specifically, how electrons in 
atoms are affected by photons.  The same physical principles that allow metallurgists to 
determine the composition of an alloy they can hold in their hands (see “X-ray spectroscopy” if 
you want to learn more about this) are the same principles that allow astronomers to 
determine the composition of stars light years away. 

Spectral lines (emission or absorption) allow us to also determine “red shift” of distant objects.  
“Red shift” tells us how fast the object is moving away from us.  If the object is “blue shifted” it 
means it is heading towards us.  The “red-shift/blue-shift” effect can be noticed by our ears 
where sound waves are shorter (higher pitch) when objects (such as a race car) are moving 
towards us, and are lower pitched (longer wave length) when they are receding.  In astronomy, 
if we know precisely what frequencies are emitted from hot hydrogen gas, and we observe the 
same pattern (“finger print”) but at stretched/longer wave lengths (lower frequency), we can 
determine the velocity of the object relative to us. 
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Implications for Amateur Astronomers 

The human eye is generally capable of distinguishing blue stars from red stars.  So, to some degree, you 
can estimate the temperature of stars by their color – red stars are cooler, blue stars are hotter, and 
white stars are in-between.  However, the eye integrates the incoming light and it is not capable of 
“separating” specific spectral lines.  Very few amateurs are involved with spectral analysis. 

However, this is not to say that knowledge of spectra is not important.  Many emission and reflection 
nebula emit very specific spectra.  While the intensity of light is too low for our eyes to detect color, the 
color is there.  Bandpass filters (filters that allow only specific wave lengths (color) to pass through and 
blocking all other wave lengths) can be very effective at improving visibility of certain nebula.  The 
nebula does not become brighter, but by reducing “sky glow” (background sky-light), the contrast can be 
greatly increased making the object easier to see.  Basically, filters allow the “good light” to reach your 
eye and prevent the “bad light” from hiding it. 

 

Useful Filters for Viewing Deep-Sky Objects 
By David W. Knisely, Prairie Astronomy Club https://www.prairieastronomyclub.org/useful-filters-for-
viewing-deep-sky-objects/ 

One of the biggest breakthroughs in the past 40 years for deep-sky enthusiasts has been the 
introduction of effective multi-layer interference filters for certain classes of deep-sky objects.  With 
filters, objects which might ordinarily be difficult to impossible to see in most amateur telescopes 
even under dark sky conditions come within range of the experienced observer.  Even those bright 
and easy “showpiece” nebulae often gain significant detail and contrast with proper filtration.  Some 
filters even allow urban or suburban observers to view certain objects under less than pristinely dark 
skies by reducing the background glow of the night sky.  Since they were introduced in the late 
1970’s, these filters have become a vital part of the amateur’s “observing arsenal”. 

There are a number of popular misconceptions concerning what these filters can or cannot do, so 
here, we present the major ones and provide the truth about them: 

https://www.prairieastronomyclub.org/useful-filters-for-viewing-deep-sky-objects/
https://www.prairieastronomyclub.org/useful-filters-for-viewing-deep-sky-objects/
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While many amateurs consider the term “skyglow” to mean man-made light pollution, there are 
actually several components that go into it (including some that are present even well away from 
man-made lighting). 

 

There are a number of different filters available on the market today for improving the views of 
various Deep-Sky objects, with most coming in one of three classes: 1. Broad-Band “light pollution” 
filters (which allow a broad spectrum of light to pass, filtering out frequencies common with light 
pollution), 2. Narrow-Band “Nebula” filters (which only allow a narrow frequency band to pass 
through), and 3: Line filters (which allow very narrow band to pass through). 

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/FilterMyths800x600.jpg
http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/ComponentsOfSkyglow800x600.jpg
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{Lulay’s note: two common “nebula” filters are OIII (pronounced “oh – 3”) and Hydrogen beta – see note 
at the end of this article for further explanation}  

BROAD-BAND “LIGHT-POLLUTION” FILTERS 

     The broad-band “Light-pollution Reduction (LPR) filters are designed to improve the visibility of a 
variety of Deep-Sky objects by blocking out the common Mercury vapor, Sodium, and some other 
emission lines from man-made or natural sources which contribute to light pollution, while letting 
through a broad range of other more useful wavelengths.  Since the eye is mainly a “contrast 
detector”, this selective screening out of some of the background skyglow increases the contrast and 
helps Deep-sky objects stand out more noticeably.  While these broad-band filters do not eliminate 
the effects of light pollution or make the objects brighter, in many cases, these filters can improve the 
visibility of some deep-sky objects to at least some degree. The greatest improvement in the overall 
view is often found with emission nebulae, but broadband filters can also give a slight contrast boost 
to some reflection nebulae and a few of the larger more diffuse galaxies under mild skyglow or dark-
sky conditions.  In addition, larger versions of these broadband filters which fit over camera lenses 
can be somewhat useful for photography of wide star fields when some skyglow is present. 

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/FilterTypes1Small.jpg
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Some available broad-band filters are the Lumicon Deep-Sky, the Astronomik CLS, the Celestron 
LPR, the Thousand Oaks Broadband LP-1, and the Orion SkyGlow.  The broadband filters can offer 
a modest boost in contrast and visibility of the fainter outer detail in emission nebulae over non-
filtered views for objects like the Orion Nebula (M42), the Lagoon Nebula (M8), the Merope Nebula, 
the Trifid (M20), and a number of others.  However, the improvement is not as noticeable on star 
clusters or galaxies.  I have found that using the filter on larger and more diffuse galaxies like M33, 
M81, M101, NGC 253 and NGC 2403 in my 10 inch when weak skyglow is present will help boost 
the visibility of the detail, but the effect is fairly mild.  On star clusters, there is even less of an effect, 
since some of their emission falls in the portions of the spectrum blocked by these filters.  In that 
case it may be better to use slightly higher power on some of the smaller objects to dilute the light 
pollution effect a bit.  Since some light is blocked by the filters, there can be times when a few 
objects may even look fainter from a dark sky site when using a broad-band filter than without 
one.  Severe levels of light pollution may also be too much for the broad-band filters to handle 
effectively, so you still want to find as dark an observing site as you can and use averted vision.  The 
broadband filter has an additional bonus, as it does work fairly well as a blue filter for observing 
Jupiter and for bringing out the white clouds and polar caps of Mars.  In summary, the broad band 
“light pollution” filter can be somewhat useful in compensating for some light pollution, but may not 
be the most impressive filter intended for deep-sky use. 

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/BroadbandFiltersOnGalaxiesSmall.jpg
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NARROW-BAND “NEBULA” FILTERS 

Narrow-band “Nebula” filters, as the name implies, are mainly designed for viewing many emission 
nebulae.  These filters allow only the bright pair of nebular emission lines of Oxygen III (4959 
angstroms and 5007 angstroms wavelength), the Hydrogen Beta emission line (4861 angstroms), 
and wavelengths between H-beta and the OIII lines to get through.  Narrow-band filters darken the 
background skyglow significantly without hurting the nebula, and are often of considerable help 
when observing in mild to moderate light pollution.  The filter’s improvement of the view of emission 
nebulae is usually superior to that of the broadband filters, as many faint nebular objects become 
much easier to see (without the filter, some may not be visible at all!).  Even the more prominent 
nebulae which are visible without filters gain considerable detail and contrast with the narrow band 
units.  However, these narrower filters require the use proper dark adaptation and averted 
vision for decent results.  In addition, low to moderate powers (3.6x per inch to 9.9x per inch of 
aperture) can often be somewhat more effective for filter use, especially for the larger and more 
diffuse emission nebulae, although considerably higher magnifications can be used successfully 
once the observer has gained more observational experience.  These filters will, for example, often 
show the Rosette Nebula TO THE UNAIDED EYE when you look through them from a dark sky 
site.  Indeed, under a really dark sky, the contrast and detail improvements provided by a narrow-
band filter can be even more impressive than under a light-polluted sky, so most observers continue 
to use their filters at such dark-sky sites. 

Some available narrow-band filters are the Lumicon UHC, Astronomik UHC, DGM Optics NPB, 
Meade Series 4000 Narrowband, Thousand Oaks Narrowband LP-2, and the Orion Ultrablock.  The 
NPB, and Meade Narrowband also have a deep-red passband for the Hydrogen Alpha line.  This 
feature may sometimes help bring out faint red colors in the very brightest emission nebulae when 
used in large telescopes and with observers that already have a lot of red sensitivity with their 
eyes.   In comparison, the various narrowband nebula filters mentioned above have very similar 
characteristics, although the Lumicon UHC has a slightly higher light transmission factor in its 
primary passband than the Ultrablock, which may be helpful for viewing faint nebulae.  At times the 
Ultrablock has also been slightly less expensive than the UHC, but when not sale priced, the two 
filters are of similar cost.  Many of these narrowband filters will perform quite well, and the overall 
difference between them can be very slight.  However, these “nebula” filters usually slightly reduce 
the brightness of most star clusters, reflection nebulae, and galaxies, although in moderate light 

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/Narrow-bandFilterSlideSmall.jpg
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pollution, a narrow-band filter may still be of some use on these objects with larger 
apertures.  Photographic use of these narrow band filters is also not recommended.  There are some 
filter manufacturers that have appropriated the “UHC” label from Lumicon without permission and put 
it on filters that are a little too broad to be considered narrow-band nebula filters.  Examples of these 
“false UHC” filters include the Astronomik UHC-E, Baader UHC-S, and the Celestron UHC-LPR,  so 
these should be avoided unless you just want a filter that is really just a broad-band LPR unit. 

LINE NEBULA FILTERS 

Line Filters are very narrow passband specialty units which are designed to let in only one or two 
spectral lines from emission nebulae, such as the close pair of Oxygen III lines or the Hydrogen-Beta 
line.  In the line filter category, the Oxygen III (OIII – pronounced “oh three”) filter is the real 
standout.  Its very narrow bandwidth allows only the pair of emission lines of Oxygen to get to the 
eye, and for many planetary and some diffuse emission nebulae, the boost in contrast has to be 
seen to be believed!  The Veil and Helix Nebulae look like photographs in a 10″ with the OIII filter, 
and some of the “green box” emission nebulae in SKY ATLAS 2000.0 jump out at you.  You may 
even see some nebulae which are not shown on some atlases. (Lulay’s input: the Veil Nebula is 
almost invisible without a filter, and with an OIII filter is very easy to see and quite beautiful! The 
images below do not do justice to the OIII filter effectiveness on this nebula). 

 

One neat trick for finding tiny planetary nebulae using nebula filters is to “blink” the objects by 
holding a narrow-band filter between the eyepiece and the eye.  The stars in the field will dim 
somewhat, but the planetary nebula will remain undimmed, thus standing out from the background 
stars. The OIII filter is often the best one for use on many planetary nebulae, with the “blinking” 
technique becoming vastly more effective, as the stars nearly vanish, leaving the planetary standing 
out like a sore thumb. 

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/OIIIfilterVeilSlide800x600.jpg
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 However, since the bandwidth of the OIII filter is so narrow, it may hurt some nebulae with 
significant H-beta emission somewhat, like the nebulae around Gamma Cygni or the 
Horsehead.  This is one reason why experienced observers often have *both* a narrow-band nebula 
filter *and* an OIII line filter to cover all the bases.  Differences between the OIII filter and narrow-
band filters like the Lumicon UHC are mainly in nebula visibility and contrast.  Many nebulae show a 
slightly larger area of nebulosity in the UHC filter with slightly higher brightness, but in the OIII filter, 
they will often have more contrast and dark detail.  However, the OIII filter really dims the view of 
star clusters and galaxies even more than the narrow band filters do, although observers with large 
telescopes may find the OIII useful for bringing out a few emission nebulae in other galaxies, like the 
HII regions in M33.  In addition, for the larger more diffuse objects, a selection of a fairly low 
magnification (3.5x per inch to 7x per inch of aperture) is sometimes helpful in initially viewing them 
with the OIII filter.  On smaller planetary nebulae that have high surface brightness however, the OIII 
can sometimes be successfully used to bring out some inner detail at powers up to around 50x per 
inch of aperture.  Thousand Oaks has produced its own Oxygen III filter (the “OIII LP-3 filter”), as has 
Astronomik, Meade, Orion, and a number of other outlets.  Baader’s OIII filter has a very very narrow 
passband width which has tended to cut into the 4959 angstrom OIII emission line a bit, although 
many amateurs still report good results with that filter. 

Another somewhat less-used line filter is the H-Beta filter.  As the name indicates, the filter only lets 
through the H-Beta emission line of Hydrogen, and is best known for its effect on the Horsehead 
Nebula, the California Nebula, the Coccoon Nebula, and a number of other rather faint objects.  On 
an 8″ to 10″ scope, the Horsehead Nebula goes from near invisibility to visibility, and the California 
Nebula becomes fairly easy, gaining a great deal of contrast and filamentary detail.  Again, for the 
larger and more diffuse objects, lower magnification can often prove more effective when using the 
H-Beta filter. 

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/PlanetaryHuntingwithOIIIMedium.jpg
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 An improvement over non-filter use for additional objects like M42/43, the North America Nebula, 
and a few others can also be noted, but in many cases, these other objects can appear somewhat 
better overall in the Narrow-band or OIII line filters.  The H-beta can also be used to observe some 
of the structural details of some brighter nebulae by comparing the H-beta view with that in other 
filters.  However, the H-beta does not usually work well on most planetary nebulae, as it nearly 
wipes out some of them and greatly dims most of the rest.  The total number of emission nebulae 
which the H-beta will significantly improve is smaller than with the narrow-band and OIII line filters, 
but it is considerably more than the three or four that some sources cite for the filter.  Many of these 
“H-beta” objects tend to be fairly faint to begin with (like the Horsehead) and require larger apertures 
for decent views even with the filter.  Unless you really like looking at these faint H-beta targets, you 
may be able to do without the H-Beta filter, at least initially.  Thousand Oaks also makes an H-Beta 
(LP-4) as does Astronomik. 

 

  

http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/HorseheadAndHBetaCompSmall.jpg
http://www.prairieastronomyclub.org/wp-content/uploads/2013/11/MakingFiltersWorkSmall.jpg
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For recommendations, if you can afford only one filter, get a narrowband filter like the DGM 
NPB, Lumicon UHC, Thousand Oaks Narrowband LP-2, or Orion Ultrablock (whichever is 
least expensive at the time).  If you can afford to get two filters, the OIII makes an excellent 
companion filter to a narrowband one but remember to use them with an eye that is properly dark 
adapted and employ averted vision.  Filters won’t make the objects brighter, but in many cases, they 
can make many of them a lot easier to see.  Have fun! 

David Knisely, Prairie Astronomy Club, rev. 10/30/13 
 

Lulay’s notes: 

Narrowband and line filters are relatively expensive – on the order of $100 for 1.25”, and double that for 
2”.  Colored filters commonly used for planetary observations are far cheaper ($10 or so).  However, 
planetary filters only marginally improve observing ability of planets, whereas nebula filters can have 
very significant effect on some nebulae. 

What are “OIII” and “hydrogen beta” and why are these the common nebula filters? 

From Wikipedia, OIII: In astronomy and atomic physics, doubly ionized oxygen is the ion O2+ (also known 
as O III in spectroscopic notation). Its emission lines in the visible spectrum are primarily at the 
wavelength 500.7 nm, and secondarily at 495.9 nm, are known in astronomical spectroscopy as [O III]. 
Before spectra of oxygen ions became known, these lines once led to a spurious identification of the 
substance as a new chemical element. Concentrated levels of O III are found in diffuse and planetary 
nebulae. Consequently, narrow band-pass filters that isolate the 501 nm and 496 nm wavelengths of 
light, that correspond to green-turquoise-cyan spectral colors, are useful in observing these objects, 
causing them to appear at higher contrast against the filtered and consequently blacker background of 
space (and possibly light-polluted terrestrial atmosphere) where the frequencies of [O III] are much less 
pronounced. 

Hydrogen beta: relates to the Balmer series which describes hydrogen ionization (feel free to look it 
up…).  The visible spectrum of light from hydrogen displays four wavelengths, 410 nm, 434 nm, 486 nm, 
and 656 nm, that correspond to emissions of photons by electrons in excited states transitioning to the 
quantum level described by the principal quantum number n equals 2. 

Why these two filters?  Lulay’s speculation: Oxygen is common in emission nebulae.  OIII spectra is 
centered on 500nm – the easiest wavelength for human eyes to see.  Hydrogen is the most common 
element in the universe, but its spectral wavelengths are not quite so easily seen by human eyes, but are 
quite visible. 

Other references: http://loke.as.arizona.edu/~ckulesa/camp/spectroscopy_intro.html 

How to build a spectroscope: https://www.skyandtelescope.com/get-involved/pro-am-
collaboration/the-revival-of-amateur-spectroscopy/ 

 

http://loke.as.arizona.edu/%7Eckulesa/camp/spectroscopy_intro.html
https://www.skyandtelescope.com/get-involved/pro-am-collaboration/the-revival-of-amateur-spectroscopy/
https://www.skyandtelescope.com/get-involved/pro-am-collaboration/the-revival-of-amateur-spectroscopy/
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