
The Use of Filters 



The electromagnetic (EM) spectrum is the range of all possible 

electromagnetic radiation. The "electromagnetic spectrum" (usually just 

spectrum) of an object is the frequency range of electromagnetic 

radiation with wavelengths from thousands of kilometers down to 

fractions of the size of an atom.  



The visible spectrum (or 

sometimes optical 

spectrum) is the portion of 

the electromagnetic 

spectrum that is visible to 

(can be detected by) the 

human eye. 

Electromagnetic radiation 

in this range of 

wavelengths is called 

visible light or simply light. 

There are no exact 

bounds to the visible 

spectrum; a typical human 

eye will respond to 

wavelengths in air from 

400 to 700 nm.  



Newton first used the word spectrum (Latin for "appearance" or 

"apparition") in print in 1671 in describing his experiments in optics. Newton 

observed that, when a narrow beam of sunlight strikes the face of a glass 

prism at an angle, some is reflected and some of the beam passes into and 

through the glass, emerging as different colored bands. Newton 

hypothesized that light was made up of "corpuscles" (particles) of different 

colors, and that the different colors of light moved at different speeds in 

transparent matter, with red light moving more quickly in glass than violet 

light. The result is that red light was bent (refracted) less sharply than violet 

light as it passed through the prism, creating a spectrum of colors. 



Newton divided the spectrum into seven named colors: red, 

orange, yellow, green, blue, indigo, and violet (this order being 

popularly memorised by schoolchildren using the mnemonic 

ROY G. BIV). He chose seven colors out of a belief, derived 

from the ancient Greeks , that there was a connection between 

the colors, the musical notes, the known objects in the solar 

system, and the days of the week. 



In physics, wavelength is the distance between repeating 

units of a propagating wave of a given frequency. It is 

commonly designated by the Greek letter lambda (λ). 

Examples of wave-like phenonomena are light, water waves, 

and sound waves. 



Filters work by blocking a specific part of 

the color spectrum, thus significantly 

enhancing the remaining wavelengths. 

The proper filter can greatly enhance the 

human eye's perception of small details 

on solar system and deep sky objects. 

Judicious use of photo-visual filters can 

greatly enhance an observing session. 

Filters can be stacked on top of each 

other to obtain the characteristics of each 

at the same time. For each filter that is 

added to the optical path, some light loss 

occurs. Therefore, when stacking filters, it 

is best to use filters with higher 

transmission values to reduce the amount 

of light loss. 



A set of photo-visual filters is an important 

observing aid that every planetary 

astronomer should have. 

Color filters help overcome image deterioration caused by 

atmospheric scattering of light, permits separation of light 

from different levels in a planetary atmosphere, increases hue 

contrast between areas of differing color and reduces 

irradiation within the observer’s eye. 



All of these factors increase the sharpness of details in the 

atmospheres that are seen on the planets Venus, Mars, 

Jupiter, Saturn, Uranus and Neptune, and on the surface of 

the Moon and Mars. 



Planetary observers work endlessly to improve the definition of 

telescopic images of the Moon and planets. 

Image definition in a telescope is dependent upon resolving 

power, contrast and sharpness. 



 Resolving power is primarily a function of aperture; 

however, optical quality, collimation, tube currents, etc. 

can have great effects. 

 Contrast is the difference in brightness between areas 

of an image. 

 Image sharpness is a factor of “astronomical seeing,” 

atmospheric scattering, irradiation in the eye, and the 

condition of the observer’s eye. 

Each of these factors can be improved upon by the use of 

color filters at the telescope. 



ATMOSPHERIC AND PHYSICAL EFFECTS 

Several atmospheric conditions and physical effects are 

modified by the use of color filters at the telescope. 

Scattering interposes a luminous veil between the observer and his/her 

subject. Scientists have shown that for particles in a planet’s atmosphere of 

a given size, the scattering is inversely proportional to the fourth power of 

the wavelength of the light. Hence, violet light of 400 nm is scattered about 

16 times more than deep red light of 800 nm; Earth’s daytime sky is blue as 

a result of this property. The Martian atmosphere scatters light in the same 

manner and thus allows us to observe Martian aerosols at the different 

relative atmospheric depths. 



Atmospheric penetration : To explore an atmosphere 

similar to Earth’s to various depths, molecular scattering 

can be exploited. Since shorter wave lengths are scattered 

more, it follows that ultra violet light scarcely penetrates an 

atmosphere at all, violet light penetrates to some depth, 

blue still deeper, while blue-green may reach the soild 

surface. 



Prismatic dispersion by our atmosphere is most evident 

when a star or planet is seen near the horizon. It results from 

refraction being less for the longer wavelengths where the red 

appears nearer the horizon and violet toward the zenith. 



Color Contrast is controlled to some extent by filters. Light 

yellow and orange filters are useful in judging the colors of 

the low-hue cloud belts and zones of Jupiter and Saturn. To 

bring out a white area on a reddish background, a green 

filter is useful. 



Irradiation occurs between adjoining areas of unequal 

brightness. The amount the brighter area appears to encroach 

upon the fainter one is approximately proportional to their 

intensity difference. This is evidently a physiological effect, 

originating within the eye itself. A deep red or orange filter 

reduces this effect while observing. 



In general, “astronomical seeing” is improved by using filters. 

Red filters improve seeing the greatest and is followed by 

orange, then yellow, and so on. (ROY G BIV). Each color filter 

will pass their characteristic color of light and block their 

complimentary colors.  

Red objects will appear very dark in a blue or green filter and 

brighter in a red filter. Green features will be bright in green 

light, dark in blue or red light. Blue is bright in blue light and 

dark in red or green and yellow. 



Color filters are identified by their Wratten numbers. The 

system was developed by Kodak in 1909 and has been the 

standard ever since.  

#8 Light Yellow (83% transmission)  

 Enhancing the detail in red and orange features in the belts 

of Jupiter 

 Increasing the resolution of detail on Uranus and Neptune 

 Increasing the contrast in the Maria on Mars 

#11 Yellow-Green (78% transmission) 

 Great for bringing out surface details on Jupiter 

 It darkens the Maria on Mars 



#12 Yellow (74% transmission) 

 Enhances red and orange features on Jupiter, blocks blue & 

green  

 Lightens red and orange features on Mars 

 Enhances the blue clouds in the Martian atmosphere 

 Increases contrast in lunar features 

#15 Deep Yellow (67% transmission) 

 Used to bring out Martian surface features and the polar ice 

caps 

 Enhances red and orange features, bands and festoons on 

Jupiter and Saturn 

 Used to enhance low-contrast cloud detail on Venus 



#21 Orange (46% transmission) 

 Reduces transmission of blue and green 

 Sharpens the boundaries between areas on Mars 

 Sharpen the contrast in the belts of Jupiter 

 Brings out the Great Red Spot 

#23A (25% transmission) 

 Great filter for use on Mars, Jupiter and Saturn 

 Best with scopes of 8” of aperture or more 

 Daylight observations of Mercury and Venus 

#25A (14% transmission) 

 Strongly blocks transmission of blue and green 

 Results in very sharply defined contrast between cloud 

formations and the lighter toned surface features on Jupiter 

 Better definition of the Martian polar ice caps 



#38A (17% transmission) 

 Good for use on Jupiter because it strongly rejects red and 

orange in the belts increasing contrast 

 Works well for Martian surface phenomena, like dust storms 

 Increases contrast in the rings of Saturn 

#47 Violet (3% transmission) 

 Good for use on Martian polar ice caps 

 The filter of choice for observations of Venus because of its 

low light transmission and its ability to enhance upper 

atmosphere phenomena 

#56 Light Green (53% transmission) 

 Excellent for observation of Martian polar ice caps 

 Good for yellow tinted dust storms on planet’s surface 

 Increases contrast of the red and blue regions in Jupiter’s 

atmosphere and cloud belts 



#58 Green (24% transmission) 

 Enhances the cloud belts and polar regions on Saturn 

 Increases contrast in Mars polar ice caps 

 Increases contrast of atmospheric features on Venus 

#80A Blue (30% transmission) 

 This filter is the best and most popular for the study of detail 

on Jupiter and Saturn 

 Enhances contrast of rills and festoons in Jupiter’s cloud 

belts, as well as details of the Great Red Spot 

 Brings out detail in Saturn’s belts and polar features 

 Great filter to split Antares 

 If you can buy only one filter, this should be it 



#82A Light Blue (73% transmission) 

 Second most popular filter 

 Work well on Jupiter, Mars, Saturn and the moon 

 Enhances areas of low contrast 

 Great for bright galaxies, particularly face-on spirals like M51 

ND96 – Neutral Density 

 The neutral Density filter transmits light uniformly across the 

entire visible spectrum. 

 It is an excellent filter to use for glare reduction 

 Neutral density filters have transmissions as high as 80% 

and as low as 1% 

 .6 density is 25% transmission 

 .9 density is 13% transmission 



Specialty Filters 

Broadband – also known as Light Pollution Reduction (LPR) 

 These filters are designed to darken the background sky by 

blocking mercury vapor light and enhancing transmission in the 

hydrogen beta, doubly ionized oxygen (OIII) and hydrogen 

alpha regions of the spectrum 

 Increases contrast of some deep-sky objects 

 Works best with emission and planetary nebulae 

Examples 

 Orion Sky Glow 

 Meade Broadband 

 Celestron LPR 



Narrowband Filters 

Ultra-High Contrast (UHC) 

 These filters have a band pass of 22 to 26 nanometers 

 Wider than other narrowband filters but much narrower than any 

broadband filter 

 Optimizes transmission of light in the hydrogen beta and doubly ionized 

oxygen wavelengths, strongly blocking (99.9%) mercury and sodium 

emission bands ( Best filter for use on M27, the Dumbbell) 

 Blocks all types of light pollution from incandescent to fluorescent lighting 

Examples 

 Orion UltraBlock 

 Lumicon UHC 



Oxygen III (OIII) Filters 

 The Oxygen III filter transmits light only in the doubly 

ionized oxygen wavelengths 

 OIII filters have bandwidths of about 10nm centered on a 

pair of spectral lines with wavelengths of 496nm and 501nm 

 Use on planetary and emission nebulae as well as 

supernova remnants 

Filter of choice for the Veil 



Hydrogen Beta Filter 

 A Hydrogen Beta filter has the narrowest band pass of all, only 8nm 

 Its transmission centers on the H Beta line at 486nm 

 Amateur astronomers usually purchase this filter to view only two objects 

– IC 434 the Horsehead nebula in Orion and  NGC 1499 the California 

nebula in Perseus 



Hydrogen Alpha Filter 

 These filter are used for solar observing 

 They transmit strongly in the hydrogen alpha portion of the 

spectrum thus revealing solar prominences and flares 



Polarizing Filters 

These filters adjust the brightness of images to a more optimal level 

for observing. They consist of two polarizing layers mounted in a 

rotating cell. They vary the light transmission from 3% to 40% and 

are mostly used for lunar observing and splitting double stars. 

Most astronomers agree, if you can buy only one specialty filter, 

you’ll get the most gain with an OIII filter. 



In Summary 

Filters do not make images pretty, but they do help you to 

see detail you may not be able to see without them 

Don’t Fear the Filter 


