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Once you know what the upper limit is, take some “practice” images of stars of known brightness 
using different exposure times. By inspecting the images and using your software tools to measure 
the number of ADUs in the star’s image you will be able to determine the point at which the star 
saturates. From this information, you can establish the maximum and minimum “safe” exposure 
time for each magnitude star you are likely to image. You can then save your findings as exposure 
time versus star magnitude for each filter in a table for future reference. This will save you a lot of 
time and possible frustration in the future.

Keep in mind that a star image can saturate long before it “blooms” (i.e. you see vertical spikes 
coming out of it)!

Here are some other useful tips related to choosing exposure times:

 y If you are uncertain as to the exposure time to use on a new target, always err on the side 
of a shorter exposure. 

 y Very long exposures are best broken into several shorter exposures. The longer the exposure, 
the more chance there is that your image could be spoiled by drive abnormalities, a passing 
satellite, cosmic ray hits, passing cloud, etc. The shorter images can be stacked to improve 
the SNR. 

 y Never take exposures of less than 3 seconds, and preferably never less thn 10 seconds 
— especially if your camera has a bladed shutter. Anything shorter will cause the shutter 
opening and closing to affect the photometric data.

 y Realize that different filters will nearly always require different exposure times, not only 
because of filter throughput and CCD response, but because the star may emit much less 
light in one band than another. This is especially true of bluer filters, particularly when 
observing red stars.

Deciding how many images to make

The first step in deciding how many images to make of each target star in your program is to 
determine what is appropriate for that particular star or class of stars. For example, if you are 
imaging a Mira–type star having a period on the order of many months or a year, then it makes no 
sense to submit more than about one observation per week for that star. In this case, you should 
create at least three images in each filter, process them separately, average the resulting magnitudes 
(actually, the fluxes should be averaged before converting to a magnitude, but in most cases the 
difference is insignificant), and submit just one averaged observation in each filter as a group to 
the AAVSO. 
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“Time series” observing runs in which hundreds of images are made of one star over the course 
of an evening should be reserved for stars which are actually doing something in the astrophysical 
sense over that short a time scale. 

More information on this subject is covered in the section of this guide on “Photometry and 
Science” (see page 64). The point here is that in order to do good science, an appropriate cadence 
of observations is important and it is something you should consider carefully as you set up an 
observing run. Too many observations of some kinds of stars in too short a time can distort a light 
curve and waste your time. Too few observations of other stars can render your data less valuable.

Finding the field

Because of the typically small field of view of a CCD camera, you may have more than a little 
trouble finding the field of the variable you would like to image. Here are some suggestions and 
tips:

 y Know the field of view of your system. Suggestions on how to figure this out are given in 
the Equipment section of this handbook (page 20).

 y Make sure that your telescope is well aligned before you start. Go to an obvious bright star 
first, get it into the center of the field of view and re–sync your alignment. It’s a good idea 
to use a V or B filter when you do this to reduce the chance of getting a “ghost image” of 
the bright star on your next exposure. 

 y Print out VSP charts of different scales and use them to help you check asterisms to verify 
that you are pointing at the star you think you are. You may wish to use the DSS image 
overlay option on VSP. Take your time and get it right!

 y Use chart software (such as Guide, The Sky, etc.) that you can customize to match your view 
in size and limiting magnitude. Overlay a frame on the star map to show your camera’s field 
of view. 

 y Use software to control the pointing of your telescope if it is more accurate than using the 
GoTo controls. This may include a guide scope or camera and its own software if you have 
them installed in your system.

 y Try to place the target star in the center of the field of view and ensure that your comparison 
stars are also in the same frame.
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Special cases and other issues

Bright stars

Bright stars pose a special problem for photometrists. In order to avoid saturation of your star 
image, you will want to use a short exposure time. However, in addition to possible issues caused 
by the shutter opening and closing, very short exposure images can suffer more from scintillation 
effects than longer ones where the “twinkling” is averaged out over a longer period of time. To 
avoid such problems, it is recommended that you never take exposures of less than 10 seconds 
duration. When you reach the point where you cannot take a short enough exposure to avoid 
saturation, you may wish to try one or more of the following techniques:

• Use an aperture mask on the end of your telescope to reduce the amount of incoming light 
getting to your camera. (Note that you will need to retake flats if you do!)

• Try using a photometric blue (B) filter instead of a visual (V) filter. Not only does the filter 
itself reduce the amount of light reaching your camera, but CCDs are less sensitive to the 
B–band than V– or R–, or Ic–bands.

• Defocus the image a little. This spreads the light out over several pixels, thereby allowing 
you to increase the exposure time before saturation occurs.

Scintillation is caused by refraction of starlight 
by individual turbulent cells in the atmosphere. 
The stars scintillate on both short and long 
timescales, but the amplitudes of changes on 
short timescales are larger. Scintillation has been 
measured experimentally (see Young 1967) and 
the noise effects on a signal can be approximated 
as a function of the telescope aperture, the 
exposure time, the airmass, and the elevation of 
the telescope site. This graph shows the effects 
of aperture (top) and site elevation (bottom) on 
the scintillation noise as a function of exposure 
time using Young’s equation (assuming S0=0.09, 
airmass=1.5). Larger telescope apertures serve 
to average over more small turbulent cells, so 
the noise effects in large aperture telescopes are 
greatly reduced. Radu Corlan’s website has useful 
tables of scintillation effects, available at:
http://astro.corlan.net/gcx/scint.txt.

InfoBox 4.3 – Scintillation
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In any case, where you have to use very short exposure times to avoid saturation, you should 
consider taking multiple images and then combining them into a single measure if the star varies 
slowly enough. This will help lessen the impact of scintillation.

Crowded fields

Inexperienced observers should avoid imaging fields in which the stars are very close together. The 
reason is that it is very difficult to do accurate photometry when stars are touching or overlapping 
each other. Data containing the combined measurement of two stars is generally of very little use. 
In order to separate the two stars, you must use mathematical techniques such as point spread 
function (PSF) fitting which is beyond the scope of this guide.

The one exception to this guideline is when the nearby star has 1% or less of the counts of the 
target star throughout the range of the variable. In this case, it would be OK to use the combined 
magnitudes of the variable and the nearby star. However, in crowded fields, this is rarely the case. 
Worse, variables with large ranges (like Miras) may be much brighter than the nearby star at 
maximum, but fainter at minimum. This case often leads to confusion of the two by observers, and 
the AAVSO archives have a number of “flat–bottomed” light curves as a result.

Near horizon

Observations made low on the horizon should also be avoided. Observe objects only when the 
airmass is less than 2.5 (or altitude > ~23°). When light from a star has to pass through a thicker 
cross–section of the earth’s atmosphere, its brightness is diminished. This is known as attenuation 
or atmospheric extinction. It is possible to apply corrections to your data to make up for this, but it 
gets complicated since the rate of attenuation changes rapidly as you near the horizon. The effect 
also differs depending on the color of the stars you are measuring. At some point, you will need to 
apply different amounts of extinction to every star even in the same field of view. The seeing also 
gets worse as you get closer to the horizon.

The thickness of the atmosphere is quantified in terms of airmass. Airmass is defined as the length 
of the path that light takes as it passes through the atmosphere as related to the length of the shortest 
possible path – straight up. Thus, the airmass for an object directly overhead is 1 and the airmass 
for something on the horizon is very large.

When you submit your data to the AAVSO, it is desirable for you to include the airmass for each 
observation. If your photometry software does not calculate it for you or you can not get the 
airmass from your planetarium software, you could estimate the zenith angle of your target and 
compute it yourself (see InfoBox 4.4).
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Image Inspection

Before you begin measuring your images, it is important that you perform at least one round of 
quality control by inspecting them visually. In doing this, you will be made aware of potential 
problems with your system or procedures as well as conditions outside of your control which may 
affect your final results. In some cases, you can still use the images, but in others you cannot. Either 
way, it will save you a lot of trouble later on when you try to figure out why an observation is so 
different from the rest.

The next few pages contain a list of common image problems and how they manifest themselves. 
Examples of images with these problems can be found on pages 38–40.
 
Saturation

Stars that are much too bright for the exposure time often suffer “blooming”. It is important to note, 
however, that a star’s image can be saturated well before you see any blooming. To see if a star has 
saturated, check its ADU count in the brightest center of the star. It would be a good idea to do this 
for the target star as well as for the check star and all the comparison stars you plan to use. If the 
ADU count for any of them gets close to or exceeds the “full–well depth” of your camera, then that 
star is saturated and should not be included in any measurements. It is perfectly OK to use other 
un–saturated stars in the field as long as they aren’t affected by blooming spikes from any star that 
is saturated.

InfoBox 4.4 – Estimating airmass

Airmass (X) can be approximated using this formula:      X = 1/cos(θ)

Where θ is the zenith angle or the angle of the object you are imaging as measured from 
directly overhead. (Zenith angle = 0° directly overhead and 90° on the horizon.)

Altitude
(angle above horizon)

Zenith angle
(angle from overhead)

Airmass

90° 0° 1.00
60° 30° 1.15
30° 60° 2.00
23° 67° 2.56
20° 70° 2.92
10° 80° 5.76
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Filter problems

The filter wheel inside your CCD camera is a fairly delicate piece of equipment. Sometimes the 
filter wheel can get “stuck” causing it either not to turn at all or to rotate only half–way into 
position. A filter stuck part–way will often obscure the stars in part of your image. If the filter wheel 
does not turn at all, you may think you are imaging in a certain color when you aren’t. This may be 
harder to detect until after you perform your photometry and see how the magnitudes of the stars 
you measured compare with the magnitudes you derived from another color filter. If something 
doesn’t make sense, go back and check it!

Scattered light

Reflections off the inside of your telescope tube 
or other optical elements can cause bright areas, 
rings or double star images that could affect your 
results. This is particularly evident when the 
moon is up or there are bright stars or planets 
near the field you are imaging.

Atmospheric problems

When you are setting up your equipment for a night of imaging, take a few moments to study the 
sky! Record what you see — especially if there are clouds about — and make notes about the 
seeing conditions and transparency. As it is difficult to see thin cloud in a very dark sky, you should 
consider recording what you see when it is still twilight or during dawn. 

Clouds in negative image Light curve of VW Cep showing the effect of clouds

Negative image showing the effect of scattered 
light from the Moon in the upper right corner.
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It isn’t always easy to detect the effect of thin cloud in your images, but later on as you study the 
results of your photometry and suspect that something could be wrong, your notes may come in 
very handy. In rare cases, a thin, uniform cloud may affect your target star and the comparison 
stars you are using to the same degree, and due to the way differential photometry works, the effect 
will be cancelled out. However, this is rarely the case so you should look at the results of your 
measurements during questionable weather conditions with a great deal of skepticism.

Cosmic rays

It is not unusual for you to see the effect of cosmic ray hits on your images especially if you are 
observing from a higher–altitude location. These will manifest themselves as small streaks, curls or 
small, sharp (1–3 pixel) bright spots on your images. They are random and generally do not pose a 
problem. If however, one should happen to land in the signal circle or the sky annulus of a star you 
are measuring, the effect might be noticeable.

Airplanes/satellites/meteors

Much as with cosmic rays, airplane, meteor and satellite trails which pass through your image 
are not a problem as long as they aren’t too close to a star you are measuring. If you are unlucky 
enough for this to happen, you may have to choose other comparison stars or skip using this image 
altogether.

Ghosts (residual bulk images or RBIs)

Due to the way the chip works in your CCD camera, if you image something bright, it is possible 
for you to get a “ghost” of that same object on the next image you take. You can tell it is a ghost if it 
looks like a fuzzy patch and gradually fades with each subsequent image. Generally these artifacts 
are not a problem unless they interfere with a star you are trying to measure or confuse you as to 

Negative image showing the bright star DY Eri Next image taken showing a “ghost” of DY Eri 
in a different field
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the identification of the field. They are more prevalent with images taken using a red (e.g. Rc– or 
Ic–band) filter. To avoid them, try warming up your CCD and waiting few minutes for the image to 
“bleed”. When you cool your camera down again, it should be gone. Another possible option is to 
keep any bright objects near the edge of your field of view so the ghost is unlikely to affect anything.

More potential image problems:

filter stuck part way

trailed tracking problem

focus ice crystals

problem with flatsatellite cosmic particle


