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CCD Photometry Using Filters
John E. Hoot
SSC Observatory
IAU #676
The adv ent of inexpensive CCD cameras has put quantitative photometry within
reach of many amateur astronomers. While working without filters
can be useful in determining light curve periods and timing events
like minima and occultation, in this article I want to make a case
for going to the extra care and expense to perform CCD
photometry with filters.
There are two broad reasons for perform you photometry with
filters. The first, is that the introduction of filters allows you to gain
astrophysical insight from your results. These insights allow you to
infer stellar distances and provide with the ability to pick better
reference stars when performing differential photometry.
Secondly, using standard filter sets, you are able to link your efforts with the
greater body of photometric science. This allows you to link and compare your
work with archival data sets and literature references. It also opens the door to
being able to do collaborative research. By collaborating, you are able to work on
more complex programs and by pooling your efforts with others, overcome
transient problems with weather and equipment.
Black Body Spectra
To demonstrate how using filters can provide astrophysical insights into your
targets, you need to understand the mechanisms that give rise to
stellar spectra. Stellar spectra are the result of several different
phenomena. The most important characteristics of stellar spectra
are determined by surface temperature. Any black body radiates
electromagnetic energy across the entire spectra; however, there
is a wavelength where its emission peaks. This peak point is a
function of temperature. The figure below shows the characteristic
shape of several black body radiation curves.
The

curves at right are mostly in the infrared. However, visible
stars have temperatures that range from 4000K to 50000K. Our own sun has a
color temperature corresponding to 5200K. At this temperature its peak energy
output is at 550nm. Not surprisingly, our vision has evolved so that it is sensitive
to a 300nm wide band roughly centered on this wavelength.
Filtered photometry leverages off this physical phenomena by measuring the flux in
two separate wavelength bands. Each wavelength band is determined by the filter
placed in front of the photometer. The color of a star is primarily determined by its
temperature and its temperature can be quantitatively measured by the ratio of the
flux through two separate filters. This ability to remotely measure color
temperature with a simple pair of filters is a powerful tool for stellar classification.

Another advantage of being able to determine a starâ€™s color is to be able to
select comparison stars for differential photometry that have a similar color index.
It means your differential photometry will be much less susceptible to the effects
of atmospheric refraction and extinction.
Non Black Body Characteristics
Although the primary character of a star's spectra determined by its surface
temperature, there are two secondary mechanisms that need to
be mentioned. The first is absorption of specific wavelengths in the
star's photosphere. At the atomic level, each element in the star
can absorb and emit energy in discrete spectral lines. This
process allows spectroscopists to determine the elemental
composition of stars. In fact, you may think of filtered photometry
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as very coarse spectroscopy. The sample at left shows a sample
stellar spectra. Notice that it deviates from the dashed line
showing and ideal thermal spectra. These deviations are due to
the absorption and emission lines. The excess radiation in the
450nm to 550nm portion of the spectra is due to metals in the star.
As stars evolve, they fuse hydrogen into more complex metals.
Thus, an excess of radiation in this band, is an indicator of the age
of the star.
The spectra drop off below the thermal curve at wavelengths
shorter than about 450nm. This phenomena is called the Balmer discontinuity. It is
caused by hydrogen atoms move from its first ionization level to other levels and
back. Thus, by measuring in these bands, one can determine the temperature and
age of a star. This scattering that gives rise to the classic H-R diagram the
describes stellar populations.
The HR diagram at right shows how stars, at a standard distance, will appear if
one plots their photographic verses their visual magnitude. While spectral analysis
of a star is a powerful tool for discovering a star's physics, it requires large
apertures and complex instruments. The coarse spectroscopy of filter photometry
may be accomplished with smaller apertures and simple filters. The H-R diagram
at right indicates just how powerful a tool simple 3 or 4 color photometry can be in
determining the physical characteristics of a star.
A Short History of Filter Photometry
Some of the first measurements with filter photometry were performed by Joel
Stebbins in the 1930's, but the first widely acknowledged efforts were made by
John and Morgan in the early 1950s. They did early work with a signal channel
photomultiplier tube based photometer. The H-R diagram at left is from their
second paper published in 1953. The power of the technique rapidly led to an
explosive growth in the technique's use and resulting literature.
Photometric Standards
As a friend of mine in the computer field is f ond of saying: "The wonderful thing
about standards is that there are so many to choose from." This
certainly applies to photometry as well. When Johnson undertook
his work, he published his instrumental results. To this day, data
published using the Johnson standard attempts to provide
numbers that would match the results Johnson would get were his
instruments operational.
In practice, each observer's results are affected by a wide variety of factors.
These instrumental fluxes are determined by the telescope's optical response, the
filters employed, the atmospheric conditions at the time the observations are
made and the response of the detector. Selecting a set of filters is just one part of
getting standard results, but it is an important one. Incorrect filter selection will
make it very difficult to transform
Johnson
Johnson’s original work used three broadban d filters, each approximately 100nm
wide. These filters were originally labeled UBY, but are now
commonly refereed to as UB and V. This chart, from Johnson's
1951 paper, shows the passband of his filters.
Johnson-Cousins
Cousins then extended this set of filters into the red and IR
leading to the UBVRIJKLMN filter set that is the most popular of the current
standards. These broadband filters are formed by combining layers of dyed glass.
The prescription for each filter describes each layer by dye number and thickness.
orm your observation onto one of the standard systems.
Bessell
While the Johnson-Cousins standard is the most widely used sta ndard, it was
originally developed in conjunction with photomultiplier tubes.
Typically these tubes have better efficiency at UV and Blue
wavelengths and are almost insensitive to RED and IR
wavelengths. As a result the instrumental magnitudes were a
product of the response of the filter and the detector. The figure
bellow shows the characteristic response curves of several
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photomultiplier tubes.
With the advent of CCD’s and their ability to simultaneously
measure sky, reference and target, the majority of photometry was
being done with CCD’s. The figure at right above, shows a Kodak
E-series CCD response curve. It contrasts sharply with the
photomultiplier tube responses. CCD’s are sensitive into the IR
past 1 micron while rolling off quickly in the blue. Their different
response curves were affecting the quality of transformations.
What Bessell developed was a new set of filter prescriptions that
accounted for the difference in detector responses. The figure
below shows both the old and new prescriptions for CCD photometry. The figure
at left shows the original Johnson-Cousins standards as solid lines while the CCD
Bessell prescriptions are shown with the square boxes around the measured
response data points. When Bessell filters are used in conjunction with a CCD,
they transform easily onto existing standard observations.
Stromgren
While the Johnson-Cousins standard remains the most commonly used standard it
is, by no means, the only standard around. In 1966 Stromgren
proposed using a set of narrow band interference filters to perform
photometry. This offered the advantage that each filter would have
higher transmission efficiency and narrower skirts. This would
mean that the system would be almost completely independent of
the detector and more easily transformed to a standard set of references.
Additionally each filter's passband was picked based on astrophysical
considerations. The figure at left shows the Stromgren passbands. The b and y
filters are positioned in the portion of the spectra that are almost purely
determined by stellar temperature. The v filter is positioned in the portion of the
spectra showing metal excess and the u filter measures the Balmer discontinuity.
Other Standards
In addition there are other standards being employed in modern surveys. The
Gunn filter set is used by the Sloan Digital Sky Survey. The Hipparcos and Tycho
space mission used yet another set of filter standards for the compilation of the
spacecraft photometry. Commonly available to amateurs is the Wratten filter set.
Each set has advantages and disadvantages.
Filter Recommendations
Most amateurs have Wratten filters at hand. They are inexpensive cost only about
$20 apiece. These filters are the place to start if you have them. They will give you
a taste for the filter photometry. They also will let you pick stars for comparison
and checking with similar color indices to your target. The Bessell formulation of
Johnson-Cousins is probably the next best choice. They provide you access to the
largest body of data and collaborators. Their relatively wide bandwidth will let you
work to the faintest magnitudes. A BVR set of filters will cost you from $400 to
$800 depending on their diameter. Stromgren or interference based standards like
Gunn run into the thousands of dollars and their narrow bandwidth will challenge
small aperture amateur telescopes.
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Evaluating Photometry Data Quality
Barrett Duff

Following is a transcript of the presented talk.
At this point, I'm going to assume that you have picked your equipment -- your
camera, your telescope, your filters, and everything, and you decided you wanted to
do some real science with it now. And we have an object, and let's say it's a variable
star. And now you've got your first image. And the question is, "How good is this What does it mean?"
Well, you can look at this image, visually, and you see that there are some bright
stars in there, some dimmer stars. If you were to, for example, have the value, the
magnitude value for two or three of these stars in a given band, you could estimate,
visually, what some of the other magnitudes might be. Obviously, that's not a
science. You can go out in the sky and do that sort of thing. So how do we do
science on an image like this?
This one is of the open clusters that's frequently used to calibrate photometry
systems. This is one of several well-established comparison stars in a cluster.
You've heard from the other speakers about how CCD chips work. So, what we
want to do now is look at the file itself that comes from the CCD camera and see
what's in that file.
First, there's a header, which gives you information about the time and date of the
exposure, perhaps the camera temperature and a lot of other information. And the
body of the file is just a list of pixel values, the numerical values of every pixel that's
in there. So what you're seeing is just a display of a set of numbers that are used
by your record system to recreate this image, but the science is done on the values
that underlie each of these pixels.
So let's assume that your star of interest is this star right here. You want to know it's
not a variable. What about that star -- you want some information about it. So, let's
draw a circle around that particular star and see what the pixels look like. So, here
is the matrix -- I don't know if it's projected too well or not. At any rate, perhaps you
can see that here in this central area, you're having your highest pixel value. That's
where the star is. And the fact is you're good at looking at this sort of thing, you can
get a little idea of going across the row here and just get a little concept of the pointspread function. Just from those numbers you can expect those to occur. Many of
the softwareâ€™s can do this. You can get a nice distribution off of those numbers.
But what are the numbers actually?
Well, they're a combination of several things. They're a combination of electrons that
were generated by the photons of the star falling on a particular -- on an individual
pixel. It's also sky noise that falls on there. You've also heard about the different
kinds of electronic noise, dark noise, read-out noise, bias, and so on. Now, this
particular set of numbers were taken from an ST6 camera which already has part of
those noises removed, because this one was dark framed. In other words, a dark
frame was taken then a light frame and a dark frame subtracted from the light
frame. So we're seeing information here that are numbers that have been partially
processed or upgraded. But we've still got a lot of other things in those numbers
that we've got to try to identify.
This reminds me of the elderly lady that walked into a photo processing shop that
specialized in retouching photographs, restoring old photographs. And she took out
a kind of an old scratched and faded picture of a young man in a hat and handed it
to the proprietor and said, "This is an old boyfriend of mine in college, and I would
like very much to have this picture restored. Can you do it for me?" And he looks at
it and he says, "Yeah, sure. I can do that." And, it had been painted but the
painting was faded, but he said, "What color were his eyes?" And she said, "Oh, it's
been a long time ago, but I think they were blue. Yes, blue. And by the way, you
notice he's wearing a hat. Could you take off the hat? I'd prefer to have him without
his hat on." So the guy looks at it a minute and he says, "Yeah, I can do that. But
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what color was his hair?" And she says, "Oh, gee, that's sixty-five years ago. That's
a long time. I don't remember, but when you take his hat off, you can see it."
When I look at numbers like this, and I realize what the challenge is, I kind of think
of what's under that hat. But fortunately, we have an advantage. First of all, each of
these numbers, we know something about. Well, first of all, we know that the actual
information we're seeking is there. It's not imagined, it's there. The thing is it's mixed
up with noise. We just want to figure out how to separate them. But fortunately, we
have some procedures for doing that. And you've already heard a little bit about
some of those procedures today, and you're going to hear some more probably
later. But our mission then is to figure out how much of those values represent
signal from the stars that we want and how much represent noise. In other words,
we're talking about the signal-to-noise ratio, which you're going to hear over and
over and over in this workshop.
So, let's look at some of the factors that affect the quality. I'm going to do a quick
overview of some of these things just to give you an idea of what is really behind it.
The instrument, of course; the night is very important, and the observer; don't forget
the observer. The instrument includes the telescope, the filters, the CCD camera,
the optics, and the telescope, of course, affects it because through the -- first and
foremost through the aperture -- the larger the aperture, the smaller the spot size.
And you've heard a little discussion earlier about the significance of that, but you're
going to get to come back to that a little later.
Exposure time is, of course, very important. The drive system, how accurate it is
and how much it's going to smear the light across the CCD chip. And there are
quite a number of other factors that relate to the telescope itself. The filters -- of
course, the quality of the lens, the focus, the IR rejection, which are all very
important, because if you don't have the IR rejection, for example, you're going to
end up getting a lot more light out of your blue stars than you wanted. The camera
itself, and of course, many, many other factors.
The camera somehow deals with the Pixel size, the dark noise, the read-out noise
that you heard about. The optics system, the number of surfaces involved, whether
you have focal reducers, adaptive optics or other media in your camera that are
going to chew up some of the energy that you're trying to study. The night is
especially important because even with the very best equipment, usually, if you
have a very turbulent night, you're going to smear that star image all over the place.
And frequently to such an extent that the noise -- signal-to-noise ratio drops to an
unuseful level.
Transparency of the night -- that's really we're talking about the sky brightness and
noise. That comes from the molecules and particles in the air, and depending on
the wavelength you're working at. And light can be reflected from those particles
either from outside of -- in other words, from other objects in the sky or from planets
-- the moon particularly, or from city lights, that are going to give you this
background light.
The operator is the ultimate responsible for the errors or for the quality of the data
that comes out of the system. The operator has to set the proper exposure time to
the best counts on these pixels up here -- well on that matrix that I showed you, the
highest count is about 47,000 on one of the pixels, and that was a 16-bit, that goes
up to 65,000 counts. We typically stop at about that 30,000 to 40,000 count level
just to avoid the problem of many errors and some other issues. At any rate, it's very
important to get a good exposure time.
Pointing is very important, because if you're doing a comparison star and an
unknown star or a set of comparison stars, and if you were to point at the unknown,
you might end up finding that part of your comparison stars were either out of or at
the edge of frame or they're over near the edge where you can't use them very well.
So you have to find a good center and make sure that your telescope's pointing in
the right direction. First setting the temperature as low as possible to keep down the
dark noise but not so low that it will vary. You want to go low and steady. And you
want a very accurate time-stamp on your image.
Data reduction techniques; regarding those, we're going to get into those this
evening with more detail. But those are just a few of the areas where the operator
has to be very careful. And now I want to look at the errors in just a little different
way, a little different classification, so that we can understand a little bit better what
they are and what we can do about them.
The first type of error is random errors and then we have systematic, and
illegitimate. Now, this is an artist's term, illegitimate, but I like it better than saying
stupid blunders. Anyway, those are the three main types. Now, random errors are
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inherent to the management process, and, fortunately, random errors can be
reduced by taking additional measurements. At least to some extent it can be
reduced. It can also be modeled and refined by simplistic measurements. For
example, for the point-spread functions, you can do a point-spread function and do
a lot with that in taking out some of the uncertainty out of your instrumentation.
The systematic errors, however, cannot be taken out by taking additional
measurements. Systematic errors affect all measurements in the same way, and so
the way to reduce them -- you'll never get rid of all of the systematic errors, but you
should reduce them and minimize them by carefully calibrating your system against
standards. Lew mentioned that on the filters -- how you compare the different filters
to see what kind of results you're getting with a certain filter. You have to do this
with -- analyze all aspects of your system in this way in order to make sure that
you're calibrating out any systematic errors. So keep your equipment at its peak
operating performance. And by applying careful data reduction techniques. And
again, we're going to get into that in a little bit.
Now, the illegitimate errors are just dumb mistakes -- usually sloppy procedures,
poor instruments, got the wrong filter in place, or you didn't check to see that it was
really centered. And we had quite a few recently -- or we had a filter that was stuck
between two positions, and, boy, that really created some chaos when we realized
what was going on. Arithmetic errors -- errors in recording things -- the way you get
rid of the operator-type of errors is to develop very careful work habits and to use
checklists.
Now, checklists are particularly helpful. I recently had a student go up to the
observatory with me, and I always make sure that we have a checklist that says
exactly what we're going to do that evening, everything. I have a sample of one
here. I should have put it on a transparency so you could see it. If you want, I can
show it to you later. And it's very important to do that. So check yourself just like a
pilot checking out an airplane. Check your system out carefully and make sure
you've set everything, every temperature, everything correctly before you start
taking your images.
So, now we come back to the question, "How good is the data?" That's where we
start. I've got this image. How good is it? Well, what I did just taking this matrix,
which happens to be a 9-by 9-pixel matrix centered on the star, I added up all of the
values that you see here. Just in my head, so to speak, not with a calculator, added
them all up, and that is the total energy noise and signal that has fallen on that
particular star. And then I looked around this area at an annulus to see what values
of pixels -- what the background pixels, what values they had, and I listed a whole
bunch of those and took a median value, which turned out to be a hundred fortyfour. So I multiplied a hundred forty-four times eight one, which is eighty-one pixels
here, and that gave me the total background noise that's included in this image. So
the difference is to simulate the signal. So, the net count.
Now, there are a lot of other ways of doing this. This is called aperture photometry,
in essence. And I took this aperture as 9 by 9 matrix. It could have been a circular.
It could have been, let's say, five pixels in radius, and then you could have put an
annulus around that and measured the background from the annulus. But you could
have used spread function and other means of calculating the signal and the
amount of noise that's in this particular star. I ran the data through my Mira program
which I frequently use for photometry, and I set the aperture at the radius of five
pixels and the annulus was seven pixels and the outer was ten pixels. And then I
compared that to it with my hand count, and for this particular star, it came out very
close.
Here we have a very good signal-to-noise ratio. As calculated by Mira was 820. As I
calculated it to 707, and I'm not sure why it would differ that much. But, in any event,
comparing this with three other stars, we got a V magnitude of 7.96, and I got 7.986
by my method. The Mira showed an uncertainty of a thousandth of a magnitude,
and my calculation was two thousandths of a magnitude. So this means that this
particular image -- the quality of data of this particular image is very good to give
such a high signal-to-noise ratio that gets you down into the subhundreds of a
magnitude. Now, the particular star that we're looking at, it turns out it is variable
stars, but it varies only two hundredths of a magnitude, and it does that over a
period of about seven hours. So, to get a light curve on a star of such a small
variation, you're going to need some very high signal-to-noise ratios to do it.
For a lot of work, it is conventionally said that a signal-to-noise of a hundred to one
is good. And that gives you one percent -- in other words, about a hundredth of a
magnitude, plus or minus a hundredth of a magnitude, and thatâ€™s good for a lot
of work. But if you really want to get something where you're looking for something
like this particular star, you need to do better than that. So you need to get a signal-
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to-noise ratio that's about 500 to a 1,000; in that range. So, signal-to-noise is the
name of the game. What you want to do is to maximize the amount of light of the
star on a minimum area of the image, as subject to the caveat, which was discussed
earlier.
You don't want to undersample it. You've still got to cover enough pixels. But I'm
assuming that you picked a good camera that has the right number of pixels, so that
you're going to get something like eighty pixels under a star like this one, in any
event. But still, the smaller the star spot, the higher the signal-to-noise ratio will be.
And you will minimize all types of noise in the image.
Do those things that I went through about keeping all your equipment, the operator,
and everything up to snuff and you will get images of quality to meet your
expectations and get good results. Thank you.
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Variable Star Photometry
By: Lee Snyder
Co-Chairman, IAPPP Western Wing
snyder@rigel.physics.unr.edu
THIS PRESENTATION IS ABOUT USING CCD PHOTOMETRY TO OBSERVE
VARIABLE STARS WITH SMALL TELESCOPES AND SMALL CCDs.
When developing a CCD research observing program on Variable stars one of the first
decisions is to pick a type of variable star you are interested in. You should then start
acquiring data on that type of Variable, whether it is an Eclipsing
Binary, Pulsating, Cataclysmic or Irregular Variable you are interested
in.
Research everything concerning the star. You will need to know the
spectral type, magnitude, color index, coordinates precessed to the
date of your planned data acquisition and the galactic coordinates.
You will need to build a finder chart. Different programs like MegaStar
are available for this. In the June 1999 issue of Sky & Telescope
(see references) all the available Sky-Charting software programs are
listed along with an evaluation of their capabilities. Through NASA on
the Internet you can obtain astronomical data on any star. The new version of
Smithsonian Astrophysical Observatory’s SIMBAD program allows you to identify your
Variable, it displays all known data on the Variable and cites all references published.
You can then insert the 1950 coordinates of the Variable, identify an area in arc
minutes or degrees and the program displays every known star, including data, within
this area. This allows you to select Comparison stars and Check stars, which are
discussed later. Build charts down to 14 and 15 magnitudes. When you use
programs to build a finder chart they allow you to print inverted and mirror images of
the CCD field of view for your system. These are invaluable for orientation at the
telescope to locate your Variable and Comparison stars in the sky. The Workshop
Program tonight will demonstrate making and using finder charts.
I. TRANSFORMATION COEFFICIENTS
The first thing you will be doing with your CCD thru the telescope is acquiring
transformation coefficients. To allow you to compare your reduced data of a variable
star with others you will need to apply these transformation coefficients to adjust your
data to a common photometric system. The wide band UBVRI Johnson system is
recommended as the a photometric system as it is the most common among
amateurs. The filters in this system have about 90-100 nanometer band spread which
passes more light and allows small telescopes to work on fainter stars than the narrow
band systems. The procedure to acquire the coefficients for your system is to observe
standard stars whose magnitude and color indices are defined in the reference system,
Johnson UBVRI. The differences between the values in the catalog and what you
measure are "transformation" errors and coefficients are computed and applied to
subsequent data to bring your measurements in line with the Johnson system.
I will cover the mechanical procedures to acquire the transformation coefficients but
for the mathematical explanation I refer you to the references below. All CCD
photometric reduction programs will determine the atmospheric extinction coefficients
at your location and from your observations of standard stars at various air masses of
any color. These reduction programs also determine the coefficients for
transformation to the standard photometric UBVRI system from your observations of
standard stars. The input files to these programs are your observed instrumental
magnitudes and colors of the standard stars and a catalog file containing the
standardized magnitudes, colors and usually the stellar coordinates for use in
computing the atmospheric extinction coefficients or applying them if already known.
II. DIFFERENTIAL PHOTOMETRY
The simplest observing system and highly recommended for the beginner is differential
photometry. It is the most accurate for measuring small variation in brightness down to
5 millimags (0.005). The system uses a second star with the same color and
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magnitude as the Variable and is used as a comparison star preferably in the same
image, which removes the effects of clouds/transparency and extinction. All changes
or differentials are determined as magnitude differences between the Variable and
Comparison star.
In choosing the comparison star it should be in the same field as the Variable, to
minimize atmospheric extinction, and match the color and magnitude of the Variable
as close as possible. If both cannot be matched exactly then the priority is color as
color index is tied in with transformation corrections.
Try to use two Comparison stars in each image if possible, as this will allow identifying
non-constant comparison stars. Some software now use the mean magnitude of up to
five Comparison stars to compute the delta (Variable - Comparison). And also
compute the mean values of Comparison stars from one session to another.
The difference in magnitude is usually stated Variable minus the Comparison. If the
Comparison star is not in the same image with the Variable the acquired Comparison
images should bracket the Variable images. Example sequences would be
Comparison, Variable, Variable, ... Comparison. Depending upon your system and
equipment but do not do not go over 25 minutes between Comparison images. This
will give a pretty full curve even for a short period eclipsing binary.
The procedure to use for differential photometry would be to take one image per filter
of both the Variable and the Comparison star with an exposure time long enough for
good signal comparison. Saturate the pixels 50 to 80% of full well according to the
type of camera used. Using software you process the image to remove any dark
current and to calibrate each pixel (flat fielding)
III. CALIBRATING IMAGES FOR PHOTOMETRIC USE
Most procedures of processing with bias, dark and flat-fields are elaborate methods
and produce excellent results. For example, Newberry, Michael 1995. Less
elaborate methods work just as well. Subtraction of darks removes bias also, and
since the camera's bias is relatively stable, acquiring and subtracting a bias frame is
not required. Santa Barbara Instrument Group uses this procedure in it software
With a temperature-controlled CCD camera darks only have to be taken for each
different exposure time. With an uncontrolled-temperature camera darks need to be
taken for each different exposure time and when the ambient temp changes. Using a
digital thermometer take darks when the temperature increases 3 degrees. Remember
that the dark current doubles for each 6 to 7 degree increase, and the ambient
temperature around your telescope is usually stable during the middle of the night.
Flat-fields are easiest to acquire using the twilight sky. Approximately twenty minutes
after official sunset point the telescope 45 to 60 degrees in the west and take a
minimum of three images, preferably five, in each filter. Expose long enough to get 50
to 80% of full well, depending upon your CCD camera makerâ€™s recommendations.
To improve the flat-fields taken with any CCD camera using the twilight sky try using a
piece of diffusing screen white plexiglass in front of the telescope (Emerson & Little
1999). It improves the flat images by making them more uniform and reduces the
noise in the images. Using a diffusing screen doubles the exposure time but produces
excellent results. This improvement in flats can be measured, see below. If you do
not change the camera orientation from its position of the previous session you can
use those previous night flats
Using twilight sky for flats you have to insure you have not changed the CCD Camera
orientation from the last evening session and that you have left the focus on the star
unchanged. You cannot focus on the twilight sky.
To measure the quality of flats taken by your system divide one into another. This
gives a uniform frame and produces a ratio. Then measure the standard deviation (sd)
over a large number of pixels on the frames. Comparing each session’s flats gives the
repeatability of your flats. Variation of the sd should be only few tenths of a percent
which is equal to a few thousandths of a magnitude of noise. One system I use gives
sd = .0075. Any flat deviating greater than .002 from this I don’t use when I reduce the
data. Using aperture photometry the software extracts the counts and subtracts the
sky background which is converted to magnitude difference or magnitudes if the
Comparison star has been standardized.
Results are stated in magnitude differences, Variable minus the Comparison. You
cannot determine the actual magnitude or colors of the Variable unless you
standardize the Comparison star, than an accurate magnitude and color index can be
computed.
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IV. APERTURE PHOTOMETRY DEMONSTRATION
Using a computer and an Lcd projector with the CCDRED program, Unified Software
Systems, a demonstration of aperture CCD photometry was given. Instrumental
magnitudes were extracted from star images. After your data is reduced in the format
Time verses Differential Magnitudes you plot a lite curve and analyze the morphology
of the curve.
V. ACQUISITION SEQUENCE
The type of variable determines the CCD acquisition sequence of data points. Rapid
or high-speed acquisition would be defined as fast as your system and you can work.
Exposure time on faint objects and readout dead time determines how rapid you can
work.
Short period Eclipsing Binaries require rapid to one every 10 minutes. It is best to
acquire the whole curve or acquire as soon as possible as orbit periods will change
over a long period of time. Acquiring Times of minimum or maximum requires one
hour to one whole session. Enough of the plot of the observations, Dm versus HJD, at
minimum or maximum is needed from the eclipse slope to determine the time of
minimum or maximum light. If the determination is done mathematically at least ten or
more data points on the descending and ascending slopes should be used.
The acquisition timing on pulsating Variable stars can require rapid to one every week
depending upon which type of pulsating Variable you are working on, Cepheids or RR
Lyrae type. The periods of Cepheids vary from 5 to 30 days requiring rapid acquisition
to less than one data point per day on the 30 day Cepheids. RR Lyrae variables
require rapid acquisition as their period of pulsation is less than one day.
Long period Irregular and Semi Regular Variables can require from one per day to one
per week as the periods run from 30 day to 1 year where three to four data points a
month might be sufficient.
Cataclysmic are eruptive system which are usually faint requiring long exposure times
so you may not be able to do what we consider rapid CCD procedures. Just get the
highest speed you can and monitor during the quiescent (quiet) period. If you are
interested in this type of Variable, log on to Center for Backyard Astrophysics website
and join their group.

VI. FIRST TIME CCD PHOTOMETRY RECOMMENDATIONS
Acquire CCD data points on an object previously researched so a comparison can be
made between your data and published data and plots. This will also allow you to use
the same Comparison stars used in research work on this same object.
Plot CCD data points after each session. This will identify any errors which you can
eliminate before you start work on the next session.
Use only two filters, B and V or V and R till you acquired a sequential rhythm.
Become totally familiar with the potential sources of errors in your procedures and
system and eliminate or minimize each one.
You must archive your data. Dr. Edward Schmidt at University of Nebraska
eschmidt@unlinfo.unl.edu archives data in the United States for the I.A.U. archives at
Strasbourg, France. When you send data you will need a cover sheet with names of
the stars used, number of observations, your photometric system, instrumentation and
observing details and reference to any publication citing the object and observations.
A file number will be assigned to your data which can be used in any reference in any
future publications.
VII. GENERAL PARAMETERS DETERMINED FROM PHOTOMETRY
By using two filters when you acquire data such as B and V or V and R you can
determine the color index of the Variable. This allows you to determine the spectral
class of the star and lets you make a close determination of the luminosity class by
using Color- Color charts.
Figure 1 is an example of the newly discovered eclipsing binary HD172022. This
binary has been classified with a spectral type = A5V, which is a main s equence star.
Using the color chart the (B - V) color index for an A5 Mail sequence
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star is 0.15. The measured (B â€“ V) with a CCD was 0.19. This
difference is color excess in the red, Observed (B â€“ V) minus
Charted (B â€“ V). (0.19 â€“ 0.15 = 0.04) Most stars are reddened
by only a few tenths when their light passes through the interstellar
medium on its way to your CCD, therefore we can consider
HD172022 not reddened.

Figure 1

Figure 2 is a Galactic Chart with HD172022 plotted at the galatic
Figure 2
coordinates; longitude (l) = 87.07 and latitude (b) = +24.9. This places
the star in Draco and far enough above the galactic plane that we can assume
negligible values of interstellar extinction and reddening and substantiates the
minimum 0.04 color excess determined above.
VIII. WHAT CAN BE LEARNED FROM BINARIES
We can determine the following parameters from eclipsing binaries using plotted light
curves:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Period of orbit - times of minimum
Inclination of orbit
Mass ratio
Luminosity ratio
Spectral type / temperature from color index
Effective temperature of stars in degrees
Limb darkening coefficients
Gravity and albedo (reflection) coefficients
Surface structure of stars (area, mean radius, volume, meandensity)

IX. WHAT CAN BE LEARNED FROM PULSATING VARIABLES
We can determine the following parameters from pulsating variables:
1. Period of pulsation
2. Spectral type - color - temperature
3. Times of maximum
X. SUMMARY
In closing I would like to recite a quote: “There are many stars out there waiting for
you. There are more stars then astronomers and always will be.” Dr. Douglas Hall,
Vanderbilt University.
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Unified Software Systems, P.O. Box 23875, Flagstaff, AZ 86002-3875

THERE IS A REASON FOR PHOTOMETRY OF VARIABLE STARS - HELP
UNDERSTAND THE UNIVERSE, WHICH REQUIRES A KNOWLEDGE OF
EVOLUTION OF STARS. KNOWING PARAMETERS OF STARS AT THEIR
DIFFERENT AGES HELPS DETERMINE THE EVOLUTION OF THESE OBJECTS.
Lee Synder Biographical Information:
Lee Snyder has been doing photoelectric photometry for fifteen years, using a Meade
10" (25 cm) and Celestron 22" (56 cm) Schmidt Cassegrains,
equipped with an Optec photometer and a Lynxx CCD Camera. Lee
has the advantage of using the MacLean Observatory located near
Lake Tahoe, Nevada at 9,000 ft (2700 m) elevation. Lee has
discovered several variable stars, and has issued numerous papers
pertaining to these and his other observations. Lee Snyder has also
participated as co-author with several collaborators on various variable
star projects. His favorite projects involve work on eclipsing binaries,
and organizing the annual IAPPP Western Wing symposiums. In an
earlier life, Lee flew B-52 bombers for the U.S. Air Force.
Leroy F. Snyder
MacLean/Tahoe Observatories
P.O. Box 3964
Incline Village, NV 89450
(775) 831-1931
snyder@rigel.physics.unr.edu
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All Sky Photometry
Dr. Arnie Henden
aah@nofs.navy.mil
Transcript of Talk:
I’m pretty sure, but when we were talking earlier, he did say I could talk as long as I
want (Arnie’s talk got going late and would obviously run into dinner). But we're
talking about dinner; I think people would probably be a little upset if I did that.
My e-mail address is available if anybody has any questions. I’ll get i t off of here
before anybody can write it down (laughter). This is what we're all
working for, the lightcurve of a variable star, actually, and there are
two things that you're looking for on something like this. One is
precision of the measurement. How well does the lightcurve look,
and the other is -- notice over here that I am quoting the V
magnitude. These are calibrated M form magnitudes of the star.
Which means that if I take my data and compare it with published
data that has also been transformed, two lightcurves should
compare to each other basically to the precision of the
measurement. The precisioning here is about two millimags, the
quality of the data. It's a very bright star, so it's easy to view with
our telescopes.
You notice there's one point up here that's discrepant, and that's
because the star is saturated, so I got a bad measurement. Too
bright. So this is one that does well -- as I mentioned, would be
interesting to look at, and I went ahead and did it for the fun of it. I
do those kinds of things when it's cloudy, so I don't have to worry
about real-time science. And I'm going to have to cut this short.
You should see the stack of view graphs I have here.
Sequences, in general -- what you're trying to do is calibrate some star in field of
something that's interesting. And what you want to do is place it on a standard
system, in this case, Johnson-Cousins, that almost everybody uses. It could be a
single star; it could be a set of stars in that field. For example, if you're doing visual
observation such as is done by the AAVSO, you want to have a sequence of stars
calibrated in the magnitude range of the variable undergoes. We may want the
large number of stars. If you're just dealing with eclipsing binary and doing it with
CCD photometry, you may only need one or two stars to calibrate, but you need to
calibrate the star.
So for the AAVSO, you may want a wide magnitude range. You need to know the
color of the stars because, again, for visual observing, you want to have the star
colors to be identical, if you can, then you don't have transformation errors. And the
other thing is if you're doing CCD work, if your comparison stars happen to be very
red, the chances are very good that the basic comparison stars themselves are
variables. So, by knowing the colors of the stars, you can really improve the quality
of the sequence stars that you're going to use.
I can go into all-sky photometry, but we'd still be here by midnight. Basically,
everything in astronomy is differentials, even all-sky photometry is differentials using
known standard stars, even those in a different method. In our case, what I use are
what are called Landolf standards, and I'll give you the references to those. Arnold
Landolf is an astronomer at Louisiana State University, and he has
tirelessly developed a large number of stars and calibrated them on
Johnson-Cousin. And by doing all-sky photometry, instead of doing
differential within the field of the star, you can count for zero point of
your instrumental system; you can count for extinction and how the
atmosphere varies. And then, also, take into account transformation
between your system and the standard system. Even though you
use the same filter and same CCD, there are manufacturing
differences, and so on and so forth. Your system is not equipped
with the same standards.
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For doing all-sky photometry, there are a couple things that you
want to do in preparation. One is that you want to get a photometric
night. If there are clouds in the sky, you really don't want to try to do
this. I tend to use charts whenever I'm doing standardizing in the
field because you may want to move the CCD in such a way to
optimize the number of stars that you can pick up. A lot of times for
looking at bright variables, such as AAVSO stars, there may not be
another bright star in the field of your CCD, so you may want to
offset some. And then I'll explain just a little bit when we talk about
extinction measurements, but the best time to do all-sky photometry
is when the object is highest in the sky. That will generally take
place when it is transiting the meridian. And same thing for Landolf
fields, you want to do calculations and extinction and so on. You
need to know when the Landolph field is transiting, when it gets to a
very low altitude or high air mass.
So measuring these fields for doing standardization’s -- what I usually do is I take a
test frame very beginning. I need to know how to set the exposure. When you're
doing stars that cover a wide dynamic range, you have to make sure the brightest
star doesn't saturate, that you're still getting sufficient signal in the same star. It may
be that you have to do two exposures in order to cover the range of
magnitudes. Also, you need to use at least two filters. You have to know the colors
of these stars, and the only way you can do that is to use more than one filter.
In general, I tend to use four filters. It's mostly more of a check than anything else,
because there's certain relationships between the colors that you get like V minus B
versus V minus I, or something like that. There's certain relations for standard Main
Sequence stars, and you want to make sure that those relations are held and you
know that one filter wasn't contaminated by clouds, or something like that.
I tend to intermix Landolph field observations. So, for instance, if I'm trying to
calibrate one particular field, then I would take Landolph fields before, Landolph
fields after; so you bracket them.
In astronomy you always want to interpolate not extrapolate. What that means is
that if you are trying to calibrate fairly red stars, you want to make sure that your
Landolph standards are both bluer and redder than any star you want to calibrate.
And this Landolph field covered a wider air mass than the fields you want to
calibrate. And the other thing of importance is that I never try to calibrate a field with
just one observation. There are just too many chances of error that can creep in,
whether or not all your Landolph fields are infallible. Whether programs you want to
calibrate is in an arch or band of sphere going across a jet con trail. And so if you
observe on more than one night, you not only can see how well your calibrations are
on a night-to-night basis regarding things like clouds, but you also then pick up
whether or not any of the comparison stars happen to be variables themselves.
I can quit, right? I want to get into the nitty-gritty just a little bit. The only equation
I'm going to show, and it's really simple; all algebra. Basically, all you're doing is this
is the standard magnitude that you're trying to come up with. This is the
instrumental magnitude that's extrapolated above the atmospheric extinction, and all
you're doing is getting simple linear function with colors. It's really very simple. You
have a zero point and you have the slope. The slope is the transformation
coefficient, and the zero point is determined each night.
To get it above the atmosphere, remember we're looking through a fair amount of
atmosphere. What you have to do is take the instrumental magnitude, which you
calculated, and you have to remove an affect due to the air. Extinction coefficient
here is the magnitude for air mass. X is the air mass that you're looking for. That's
all you have to do. It's really trivial. Simple math.
Same thing for color. Colors are actually just this equation applied twice. So once
for the blue, once for the visual. You just subtract the two, and that's what you come
up with. Again, you have a zero point. You have a slope and, again, you have a
color index again raised above the earth's atmosphere. In this case, there are a
couple extra terms I could have talked about in the extinction coefficient. So, the
whole problem of doing all-sky photometry is the determination of the zero points,
the slopes, and the extinction coefficient.
The slopes have been the same, just don't change very much. You only have to
determine those every once in a while. The extinction coefficient changes on a
nightly basis, as do the zero point. That's the whole purpose of what you have to do
in doing this kind of thing.
I'll show you a couple examples here. Here's the visual, the slope coefficient for the
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visual filter. There's a lot of scatter here, but look at the scale. We're talking only a
few hundredths of a magnitude. Basically it stays pretty constant. Variation errors
depend on the quality of the night and the kind of stars I was using. The main thing
is you can take a mean of these values and just use that. You don't have to do it on
a nightly basis. That's the transformation coefficient.
Here's a typical example of the extinction coefficient measurement, and, again, is
time down here and the value of the extinction coefficient, and now it looks we're
talking a tenth of a magnitude. And what happens is on a nightly basis, the
extinction does change. It certainly changes on a seasonal basis. From the amount
of moisture in the air, dust in the air, and things like that. So, if you're going to do
all-sky photometry, you have to determine the extinction on a nightly basis. And
where is your site, 5000; 7000; 7600 feet?
This is the zero point. Here's another reason why you want to determine the zero
point and extinction of the coefficient. That is -- well, which do we want to take?
You have this set of numbers up here, and all of a sudden it jumps down. And the
reason for this is that these are two different CCDs. So when I change CCD zero
point, and that's because of the way the electronics are set up and so on. Even
though these are both SITe chips. The electronics are just enough different to
actually have a different zero point.
The next thing is -- this thing goes down and jumps up and goes down and jumps
up. What that means is the mirror is dirty. So if the mirror is dirty on here we
reilluminized and jumps back up. This period covers two years.
There is some scatter here at the zero point. The scatter at the zero point often
comes from the seeing. If the seeing is poor, then it depends on the aperture size.
Let me show you what one of these Landolph fields looks like. This is a field I've
labeled SA107. I have a whole set of these charts, in case anybody is ever really
interested, and some of this will actually get into the book. But it turned out that
even though the Landolph standards are scattered all over the sky, if you go and
peruse the list, you'll find certain regions there are a number of Landolph standards
that all fit in a single CCD frame. And this is one of them. Field called SA107. You'll
see that I have -- what is it -- seven stars marked here that are all Landolph
standards. And this is one of the reasons why you want to use the 12-arcsecond
aperture. It's because if you don't use the same size aperture as what Landolph did,
what will happen is that you'll either include a real faint star or you won't include the
faint star. And the question is: Did Landolph include the little faint star? If you use
the same size aperture, you don't have any question. But for each of those
Landolph stars, I have a little table that will give you all the magnitudes and
everything to reach those stars.
One reason I'm giving you that little list is because you notice up here I have a set of
floppies and I have a set of CD's. What I have are a set of images I took with a 1meter telescope of this particular field going from an air mass of about 1.2 to an air
mass of about 2.6. And these are available for people who want to play around with
doing photometry on this field, learning how to do the extinction coefficient, learning
how to do the transformation coefficient. And what you will find on those disks are
images like this. They're about 600 by 400 arcseconds. And these are the
Landolph stars -- one, two, three, four, five. And there's a little one over there. So
the nice thing about these, they're nice little processed images taken on a
photometric night with a decent telescope. It's a nice way of learning how to do
this.
For one of these stars, Star D in this case, and I can probably pick it up and show it
to you again, here are the air masses, and that information is in the header of the
image to calculate the delta. Here is the instrumental V magnitude for Star D, and
you can see that at low air mass it's for a 16, and it goes down to 16.18. By the time
it's done, it's 2.6 air masses. You can see where that .15 air masses comes into
play there. Same thing here. Notice here that the axis’ are slightly different. And
the reason for that is that you're dealing B minus V. You're dealing with images that
have been taken. They're taken a bunch of ways, but there's enough time between
images that the air mass actually changes. Not very much up here, you know,
you're dealing with thousandths of an air mass, but once you get down to higher air
masses, then you're talking tenths of an air mass.
So it becomes important not only in determining what the function of air mass versus
color is, but also the fact you have differential air masses, differences within
individual frames itself. So if you want to get really accurate, you have to pay
attention to that kind of stuff. I'm not going to be that accurate here. Again, you can
see here you can now see it's 1.2 to about 1.3, so the extinction coefficient B minus
V is about .10.

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\a__henden.html

7/14/2003

A. Henden

Page 4 of 4
So here is a rough plot of that same thing. Here is the B minus V magnitude and
here is the air mass. You can see where the point pretty well lie in a straight line,
accept for this flat spot. The reason the last point is off is because if you get down
into higher and higher air masses, the seeing also gets worse. In this particular
case, the seeing was pretty bad and pushed the point off of the curve. For
something like this, I would probably throw this point out and determine the slope
without it.
0.6 is about 22 degrees above the horizon, something like that. One thing you
should remember, when you're doing this stuff for the first time, always plot
everything. The reason is that you have to understand what's going on. What the
relationship is. Is this really linear? Are there some bad points in here? You have
to go through this process by hand the first few times so you really understand
what's going on, then you can let the computer program do it for you.
Let me finish up here. I'm spending too much time. We'll go through the properties
and steps that I described. First thing you want to do is you want to flat field your
image and dark subtract. Flat field your image as best you can. If you have a focal
reducer in your field of view, you have vignetting in your image. You really have to
do that beginning properly. Usually in a sequence, we try and measure the stars in
the corners versus a star in the middle. If you start getting one or two percent
problems in the flat field, then your measurements are one or two percent off.
Automatically, it's a systematic error. You've got to take care of that.
I tend to do this aperture magnitude unless I'm doing something very special. And
part of that is because Landolph did aperture magnitude. It's easier to do with the
same size visual aperture. And the other is because you can get better data.
Questions asked. Well, yes and no. The problem is that the coordinates are not
updated, and they're very poor coordinates. And the only ones that are on the web
are I think a1992 paper and this one here is 1983 paper. And those are kind of
interesting papers because they include some stars that are outside the equator. So
I use them quite a bit when I want to get one air mass and 1.2 air masses.
Question asked. Now, one of the reasons I'm doing this is because there is no all
sky photometric catalog. If you point your telescope in one specific area of the sky,
chances are a thousand to one that there's a calibrated star in that field. Now, the
exceptions to that are really bright stars you might find in a Tycho catalog. Tycho
catalog only B and D. So if you want an I magnitude, we don't have it. And anything
fainter than 10th magnitude in the Tycho catalog has large errors, and you really
don't want to use those either. So the whole point is it’s really nice to have all sky
catalog, photometric catalog. It isn't here yet.
Question: What about the LONEOS Catalog? Answer: The LONEOS Catalog is
unfiltered, so it doesn't buy you anything. More Questions followed for a few
minutes.

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\a__henden.html

7/14/2003

Page 1 of 1

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\Arnie_Henden_-_...

7/14/2003

Page 1 of 1

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\Arnie_Henden_-_...

7/14/2003

Page 1 of 1

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\Arnie_Henden_-_...

7/14/2003

Page 1 of 1

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\AH2.gif

7/14/2003

Page 1 of 1

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\A__Henden\AH3.gif

7/14/2003

Tutorial

Page 1 of 7

Photometry Recap
Dr. Scott Teare
Workshop Chairman
In wraping up the Photometry Workshop, Scott Teare presented a Tutorial as a recaop. Below
is a transcript of his remarks:
I don't know if you will remember any of this stuff. I know a better definition of photometry, I wish
would have come out of the talks. You don't just show up, and decide you are
photometry at the telescope. There is actually some planning involved to get
going. What you want to know is what field of view you are looking at, before
you get going.
For anyone who would be thinking of taking notes, the handouts, we put a few of them on each
end of the table. Just pass them around. They will save you from having to take to many
notes. If you find mistakes, I'll correct them. It's entirely possible.
What we are going to do, is set the goal of doing imaging. We are starting out with a specific
task in mind; variable stars, maybe reduce something a little more complex, a galaxy on a pixel
by pixel level. It all ends up being the same. The goal for this tutorial is extremely simple, the
simplest project I can think of is to determine the sky brightness at Mt. Wilson.
Mt. Wilson has two things that makes it famous; one is Edwin Hubble, who had his career
there. It also has extremely bright skies now, because it overlooks Los Angeles in a very
serious way. And it also has really great seeing. So that's going to be our goal, we are going to
calculate the sky based upon some data.
These equations we see before us; the two equations which you actually use for the
photometric reduction, the things to notice are the little ring things in front of the brackets. The
small one represents instrumental scales, the large ones present standard scales; the ones that
we really know the data on the star. We know what its magnitude is. The little Greek
characters are transmission coefficients. And this set is the zero points.
As Arnie pointed out, zero points are not expected to change a lot, once you know the
transmission coefficients, you are perfectly happy to keep on going.
Now lets figure out these values and these values. we will take a really simple approach, and go
through an example frame of data and show how to extract the data from the frame. And we
are just going to calculate a simple magnitude as if these values don't exist. And then we will
fold this information into a second part.
Here are the goodies. This is a simple frame of data, its same frame you have on the back of
the sheet. I show a different Landolt field. We have five standard stars. This is an example
that we are going to talk about. You can see right away that these stars are well off the center
of the field. And that isn't to say that anything ugly is happening in my telescope. All the
values for the skies around these areas are going to be effected by all these things yet. As well
this is also for me anyway, a very packed field. There is a lot of data here. There is a lot of
stars.
And if I was to take this little orientation here, center of which is the star aperture, the outside
area of which is the sky annulus. And if I just plop that down on each of the stars, you can see
that it is very easy for that structure to have more than one star in the field.
So you probably are not going to get away with something very simple in every case. In some
cases, I may want to run with this one. I may want to get the star annulus around it, but I may
want to take the sky from some other area around it. If I haven't reduced the data and gotten a
very flat, non-variation of signal there is not much to do.
So the assumption for the moment is that we reduced the data so that the data is properly
flattened and we can just pull the data off using a structure like this.
Since we will be doing the sky brightness, there is a little trick we can play that makes it a bit
better. And that is match the area of the star to the area of the sky annulus.
And that gives us common numbers to work with when we are dividing through
things. There are two equations that we have that do extend a little below the
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table in order to reduce the data. Just because there are two equations, it
doesn't come for free, it doesn't come easy. There are a whole lot of little
things you have to do along the way. It is all very straight forward, and you can
do it by reputation once you've done it -- the first thousand times.
A good number to work out is the plate density, or plate scale of your camera. This is basically
the X and Y dimensions of your CCD on the sky, and the number of pixels that you have. That
gives you a number in arcseconds per pixel. Or square of seconds per square of pixels.
What we are going to be doing with this data, this data frame, is extracting the number of star
counts that were in the central star aperture. We are going to be getting the sky counts from
that annular area. We are going to keep progressing through in order to get to the thing that we
really want, and that is the count rate of the sky, and the count rate for the star itself.
For any type of a sky brightness on a telescope, even for visual skies, you might say I have 6th
magnitude skies. The CCD works on a slightly different unit. The unit is magnitudes per square
arcsecond. So the numbers are going to look a little strange, if you are not used to it. But it is
translatable.
You are going to be bouncing between some of these, slides, so I am going to stick them on
top.
What's going to happen?
There is a certain common set of steps that you are going to do, no matter how you try to
reduce the data. The common steps are:
1.
2.
3.
4.
5.

You are going to get an image frame of data.
You will do reductions on it. - you can see that we have four filters worth of data.
You will extract sky and star counts.
We are going to convert sky counts to a rate.
And the star counts to a rate.

This is what it looks like. Star Field -- this little pattern (annulus) is place on each of the stars,
hopefully avoiding any background stars around it. You are going to take all the counts that
come into this area, all the counts that come into the annular area, and reduce them down. This
is a thing that is not on your handout.
What I have done is to go in front of each star, for each of the filters. Those are the exposures,
that are the count in the sky annulus, the count in the star aperture, just as if you plopped down
those little rings and had the computer count it. There it shows you an array of numbers sitting
under it. All you have to do is have a computer add them all up and get some shapes.
[Question about annulus] The star aperture - the little blotch in the center is the star. There is a
ring around it - that's an aperture. And then we have an annulus separated out from this. This
is sort of a dead area, and this area here, in theory is supposed to be equivalent to this, but I
can't draw. And so this is the second thing, there are two annular regions in there.
From these raw counts, and ignoring for the moment the exposure, what we have is the number
of star counts from that annular region reduce to as if it were a single pixel. I think there is
something like a hundred pixels in the annular region and so we are going to take the sky
counts divided by some appropriate number to reduce this to a single pixel.
[Question about round annulus vs. square annulus and pieces of a pixel] Gotta do the math.
We also are able to get the star counts, remember the star aperture is a combination of the sky
background and the star that you are really interested in. And so you have got to get rid of the
sky background that is not part of the star signal. And so we get with these two numbers, and
come up with this number.
So in units we have sky counts per pixel, which is raw counts. We have star counts, and that is
a straight number. Everybody confused?
Ok, here is where the fund starts to come in. The observing we do, we do an awful lot with stars
in the Spring. For these five stars that are identified, we know their magnitudes and their
colors. These are going to be our standard stars that we are going to use to do calibration and
calculate the transmition coefficient and zero point.
In order to get the sky rate here, I converted that single pixel of sky counts per pixel to sky
counts per square arcsecond. I calculated the plate scale beforehand. That gives us this
number, and we are also able to get the star rate, counts per second which is divided by the
exposure. And on each of the frames, a different exposure based on the color filter we are
using. The camera we were using obviously didn't have a good blue response, as it keeps
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getting a significantly less number of exposure seconds.
Ok, so, with the data in this form, we should have sky rate per square of seconds, and star
counts per second. I've chosen this form of signal to noise for a reason, at Mount Wilson,
seeing is actually pretty good. As I mentioned earlier, a star typically has a blear disk of about
an arcsecond. So, by taking this and by saying its signal is roughly being calculated over an
arcsecond, and the sky rate is then a square arcsecond, two numbers that are reasonably
comparable divide the two out and you have your signal to noise ratio. And I have lots of signal
compared to my noise in this case.
I don't know if this is the perfect way of putting these numbers in a comparable fashion, but its
good for argument sake.
Having done the signal-to-noise ratio, in this case we have lots of signal, I can then make the
instrument magnitude. And the Instrument Magnitude is the simplest relationship we have.
Right here, -2.5 log, the count rate, or in the case of the star, or in the case of the sky
background, per arcsecond.
[Question: Are the star counts in square arcsecond] I am sort of inferring that because my blear
disk is about an arcsecond.
[Question: What do you do if your seeing is not that good] I think you have to cheat those
numbers a little bit. Actually these were taken on a two arcsecond night. It is not perfectly clear
to me what a really good representative number is, for that signal to noise. I think that's a good
question to ask around. Signal to noise is so much of a problem.
[Question: This calculation of signal-to-noise, it doesn't really effect the accuracy of the
photometric calibrations] Right, but it is an indicator that you can expect problems later.
Ok, so we have our simple calculation, and from that this number pops out for the stars per
magnitude.
And that's really the first step in our reduction. You have actually got our count rate into a scale
that is closer to that which you are going to use.
If we ignore the color terms for the moment, and just say well, we've got all these magnitudes,
and we know what their stellar magnitude is because these are known stars, I can get a first
order guess at what the zero point is. And this is where you get a feeling for what is meant by
the zero point. All it really says is, take some properly combined data to represent the
fluctuating star, as measured in your system, and then compare it to the stellar magnitude.
So the Zero Point is just the difference between the known stellar magnitude and stars of a
given magnitude and you get a result of 19.5. And so you can see that if you had a bad night to
be doing your data on, smoggy night, cloudy night, or whatever, this instrumentation magnitude
would be lower if you have some kind of extinction in the way that varies on a night-to-night
level. But this number is never going to change, and that's why the zero point changes so
often.
We happen to have the sky right here. If I do the same thing saying, -2.5 LOG, I've got its
instrumental magnitude. And then I can take the Zero Point, and to it the Instrumental
Magnitude, and the I have a first order guess of the sky magnitude. Very straightforward,
nothing really challenging type of a program.
If your telescope perfectly matched the standard star system, this is actually a pretty good
guess, and you're almost done. It's when your filters don't match perfectly that you run into
some problems and have to do a little more work.
To do a little more work, we will show you a spreadsheet, color coded in a slightly different
way. We still have the filter data for each filter going this way. The raw data information we
were just talking about is transferred to right here. We have the sky rate, we have the star rate,
we have our signal to noise. All kinds of interesting data with the raw data and the raw
extracted data. An of course, this is all based on standard stars. We have calculated the
instrumental magnitude, we did that on the other slide. This is where we start to get a little bit
more excited about getting a color term in there. And what the instrument color is, is the
difference between the instrument magnitudes in one color. and the instrument magnitude in
another color. So in this particular model, I have taken the instrument color V and subtracted
the instrument color B which gives me this number. For red data is this number in the R minus
V giving this number. And that's giving us the difference between two instruments filtered data
in magnitudes.
For the standard color, that is the difference between standards here in the same order we did
here. In other words, this number is V minus B, but for the actual known magnitudes. Let's go
back one slide, two slides, three, four...

file://I:\IAPPP\Web%20Site%20-%20html\Entire%20Web%20Site\Past_Meetings\2000\Tutorial\tutorial.html

7/14/2003

Tutorial

Page 4 of 7
The equations that we are working with are about this kind of deal. Where I am trying to get
data that represents this term and data that represents this term. And so what we can do, for
those of you who remember your basic slopes of lines stuff, if you take the difference between
values -- if I have this set of equations for one set of stars, and the same equations for another
set of stars, the difference for the Zero Points drop out and the slope is the ratio of these two
numbers. An that, is where spreadsheets do very well. What the spreadsheet has done is
calculate the transformation coefficient by looking at the slopes of the b-v and the B-V. Or as
the way I understand it, as opposed to how the spreadsheet understands, plot this data. And
plotting the data is never a bad thing. By drawing a line through the data. This is that same
pairs of data, where I put the Instrument Color on the X-axis for V, and the Standard Color on
the Y-axis, and plotted the points, you can see it makes a straight line. The slope of that line is
whatever this works out to numerically.
For the V Color, things get a little bit different. For R and I, you see this same kind of structure.
[Dr. Hall observation on departure of slope from a perfect 45 degrees] Those are very good
points. What Dr. Hall was saying was that if you have a telescope that exactly matches the true
magnitude system, you don't really need to do the color corrections, it all lines up perfectly. In
the previous case we just did, where you don't have to do the colors at all, this curve would end
up being 45 degrees, more or less, and the point ends up being zero. But you wouldn't know
that unless you do it. Yep, its all with the doing.
Equivalently, what this gives us, is a little bit of interesting information about our system, that
comes from just one frame of data. If this number is not one, if this number is not zero, that
number one, and that number one, it means that you don't happen to have a telescope that is
exactly on the standard system. You have some corrections required for your unit.
What's also interesting is that this number is a real product of your system. Its intrinsic
characteristic of your filter, your camera, and your optics, how your system runs. Do this really
well once, and you may not have to do it again for 3 months, 6 months or a year. something
like this. Although from time to time you should really look at it.
The Zero Point however, is going to change on a nightly level. That's what I was getting at a
little bit earlier. And what that means in terms of our plotted data, is that this straight line, the
slope may remain the same for the whole year. But from night to night level, this curve shifts up
and down, on each of these. And so, what can we don about this?
I know what we can do about this, it actually the program, the night sky brightness problem,
which we have done lots, and we are basically going to do again. A couple of things in
between. If known these coefficients, for the system, you can see there is some sort of
averaging that's going on to get a fitted curve to that data point. This is in some way an
average number. I can use these numbers and the instrumental information and back calculate
what the standards should be, letting us know how good that data is. Sort of a fit pass. And
that calculated magnitude is shown here. You can see, to a pretty good degree, we get back
the same numbers. To make that work here, we are going to calculate what is the difference
between the actual known value of the star and what I have calculated the slope. They have
worked out you can see the transmission milli-mags. And that's the difference in the data
shown here.
Its now useless information, these slopes are used now with the sky rates to produce and
Instrument Magnitude. Following the same pattern we did here, we get a color. An then we can
calculate what the standard color would be for these objects. Which leads directly to our
measurement of the sky magnitude. Average Values of which are put here, and so on. To
summarize, what we are seeing on this chart, we take known information about our standard
stars, we've taken the raw data which includes the sky data and the star data. Drop it into some
common unit, and take the sky data, a rate per square arcsecond. In terms of the star
information, just as a rate. Calculate the instrument magnitudes and colors, got the standard
color, and use that to get a measure of the night's photometric performance in terms of its
transmission coefficients and the zero point. And then from there anything else that was in that
frame that I have an Instrument Magnitude of, I could use these transformations on. And for
this example, we used the sky rate information to get a standard magnitude for the sky.
Now, for this night, was it really valuable to go to all this bother to calculate the color
information? And the answer to that is most likely, no. And, in fact, that is what you see on this
plot. The circles, are the single color index. The plus signs are the simple photometry. And
there is some scatter in the data, but they follow the same trends, showing basically that we did
a lot of work for not much - for this kind of data.
However, we are trying to get data on stars in which this matters. An interesting thing to point
out, and this is one of the reasons you do an exercise like this, if you look at the data in this
region. I will just remind you that this is the measurement number and there are 20
measurements in this problem, and we have the magnitude listed here. So there is no true
meaning to this direction. It happens to be just the colors, the B color, V color to R color and I
Color. But something sort of ugly seems to hang out right here. But, when we did the back
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calculation of the stars, it wasn't that bad. We got back some pretty good numbers. That's a
good reason to look back at the data to see what you could have done, what I could have done
that was less than good.
In particular to look and realize that these stars here, are bigger in size so therefore brighter
than the other stars. And as well as the problem is showing up in the R and I data, and if we
looked at the magnitudes for the R and I data on these stars, you would see that we actually
have pretty bright stars; at 8th magnitude and 9th magnitude in I, and 9th magnitude and 10th
magnitude in R. And so what has mostly likely happened is that the clumsy data reduction
person, which we will give no name to, didn't really think clearly enough about where he is
putting his aperture, to get the sky information. And probably what happened is, this star
extends out some amount, and I was getting contamination from the star itself in my data.
Does that really matter if you are just calculating the sky brightness? No. But if you are going to
use that data to do subtraction of the star, it can be significant.
Ok, the one last thing, just to show it is not a horrible thing to plot your data. The signal to noise
is calculated, the signal to noise is not really that relevant. You can see for our magnitudes,
they're 9th to 10th magnitude, we have gobs of signal to noise. It follows some down until it
kind of gets lost. But there is some kind of anomalous thing going on here, in that I have much
better signal to noise for this 12th magnitude star than I have for this neighbor. But in plotting
milli-mag variation, as I get down in magnitude, the variation has increase as well.
This is a partial representation of what is going on. Along with my calculations.
So that is my whirlwind tour of how to structure your data.
[Question: Why the dead space between the aperture and the annulus?] What you do know for
sure is that you may not get all the light in the aperture from your star. so you are trying to give
a little extra room to move off the star. What I find is that I don't always like where my aperture
is going to lie, so I might what the freedom to move that around.
[Question: Oh, I understand that, my question is why the dead space? To me you want to
integrate everything inside the aperture. In other words, the annulus, the bigger you make that,
the better chance you have of picking up stuff nearby. ] The field dictates what you do. [Right,
and then the inner aperture, the star is actually spread out beyond the edge of the inner
aperture, so why don't you just spread that out to the annulus, so that everything inside the
annulus is the star.] You could do it, certainly, it is just another degree of freedom. The real
kicker is always you want to be sure that what ever star information you are getting matches
whatever your standard is. If the standard that you are using is Landolt. (Oh, I see, you find an
annulus that works best in that, around for all the things you want to do, nail it down, go do all
your measurements, and that is the annulus.]
[Question: Do you vary the size of the aperture for the magnitude of the star?] No. What I match
is whatever the standard is that I am using for a comparison.
[Question: How do you account for stars in your annulus in the background sky?] My
preference is not to, I like not to have them there. [You can't always get that]. That's right. I
choose this field to demonstrate mostly what a crowded field would look like. You really hate
doing this to yourself if you are doing something simple. For things like sky brightness, look for
less stars, adn do yourself a favor. But, you can sort of go through on a pixel by pixel basis in
your annulus and see what the scatter is, you can plot it, you can look at it. As your
sophistication and caring increases, you can do star subtractions, or all kinds of equalizing
things. Or just go somewhere else in the field to get the data.
Certainly, all these numbers, potential errors in your data reduction, and how you put things
together, all add into really how well the data comes out in terms of accuracy. Its not just
numerical uncertainties in there, there can be errors that get into your aperture and annulus.
[Question: In differential photometry, do Zero Points really matter?] If you don't have a standard
magnitude for the star, it is hard to extract a zero point. And I don't know if it would have a huge
amount of meaning. This is sort of a differential photometry approach anyway, just taken to the
next level.
[Question: What about square apertures, does it make a difference?] I've heard all kinds of
arguments that talk about variations as you go into the wings of squares, and for that reason,
you want to avoid it. But I haven't gone through the calculations to convince myself.

Handouts
Photometery is "goal oriented imaging" to obtain spectral information.
Goal: Determine the night sky brightness at Mount Wilson Observatory.
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The basic relationships for 2 filter, differential photometry:
V + v + ε(V-R) + ζv
(V-R) = η(v-r) + zvr
l
l
l
l

v, r represent instrumental scale magnitudes
V, R represent standard scale magnitudes

ε,η are transformation coefficients

ζv, ζvr are zero

points

Doing Photometry
Common Steps
l
l
l

l

Image frame data reductions for each filter
Extract sky, star counts
Convert
- sky counts to sky rate / square arcsecond
- star counts to star rate
Calculate S/N ratio

Simple Differential Photometry
l
l

Calculate the zero point for standard stars
Calculate magnitude for program stars

Color Corrected Differential Photometry
l
l
l

Convert filter data to color data
Calculate transformation coefficients and zero points for standard stars
use transformations to determine program star / sky magnitudes
Photometry Equation Basics

Basic Properties
Area of Star Aperture = Area of Sky Annulus
CCD Ariel Plate Scale = (Xsky *Ysky) / (#pixels X * #pixels Y)
Dealing with Counts
Star Counts = Counts in Star Aperture - Counts in Sky Annulus
Sky Counts per Pixel = Counts in Sky Annulus / #pixels in Annulus
Star Count Rate = Star Counts / Exposure Time
Sky Count Rate (per sq arcsec) = Sky Counts per Pixel * CCD Areal Plate Scale Exposure
Time
Signal to Noise Ratio = Star Count Rate / Sky Count Rate (per sq arcsec)
Star

Filter Exposure

Sky
Counts

Star
Counts

Net Star Counts

Star Inst
Mag

Zero
Points

111 2039

V

20

31891

49352

17460.6

-7.35

19.75

111 2093

V

20

32008

47654

15646.0

-7.23

19.77

111 2088

V

20

32006

40312

8305.2

-6.55

19.74

111 1965

V

20

32455

75170

42715.0

-8.32

19.74

111 1969

V

20

32683

142355

109672.0

-9.35

19.73

111 2039

R

5

12385

22101

9715.6

-8.22

19.88

111 2093

R

5

12270

18516

6246.1

-7.74

19.91

111 2088

R

5

12155

17859

5704.8

-7.64

19.95

111 1965

R

5

12898

41177

28279.4

-9.38

19.85

111 1969

R

5

13348

97307

83952.8

-10.56

19.77

Sample Data
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Physics from the Guelph-Waterloo Programme for Graduate Work in Physics in 1991 for his
work on quantum effects in semiconductor heterojunctions. He has designed instrumentation
and simulation software for the nuclear industry in Canada. At present, he is a Research
Associate in the Astronomy Department of the University of Illinois, developing a Laser Guide
Star Adaptive Optics System on the 100-inch Hooker telescope at the Mount Wilson
Observatory. Dr. Teare is involved in educational outreach programs through the Telescopes
in Education (TIE) Program sponsored by NASA-JPL and the Mount Wilson Institute, and is
developing photometry and imaging programs for use by TIE student observers.
Scott W. Teare
University of Illinois
Mt Wilson Observatory
Mt. Wilson, CA 91023
(626) 585-9152
teare@ee.nmt.edu
http://www.astro.uiuc.edu/~teare
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ASTEROID PHOTOMETRY OF 321 FLORENTINA AT NORTH PINES
OBSERVATORY
Gary Frey
P.O. Box 1114
Mayer, AZ 86333
e-mail: gfreynpo@primenet.com
Abstract
This paper provides a description of North Pines Observatory in
Mayer, Arizona and the results of the author's firstattempt to determine
the rotational period of an asteroid. These observations clearly
demonstrated the previously-known 2.869 hour period of 321
Florentina, and displayed a light curve amplitude of 0.61 magnitude in
December, 1999.
Background -- North Pines Observatory
For the past 15 years, I have performed photometry of variable and
binary stars. (Ref. 1-6, 8) All of this photometry was performed with B,
V, R, and I filters and reduced to the standard Johnson system, so
that the data could be collaborated with others. In 1999, 1 attended the
Minor Planets Amateur-Professional Workshop Conference at Lowell
Observatory in Flagstaff, Arizona and became very interested in the
photometry aspect of asteroids. Brian Warner gave an interesting talk
about asteroid photometry, and that attracted me to give it a try. (Ref.
7)
North Pines Observatory (NPO) is located in Mayer, Arizona, 85 miles
(53 km) north of Phoenix and is situated at an elevation of 4,531 feet
(1,381 meters). The West observatory (Figure 1, left) is a 6-meter (19
ft) dome which houses a 20 inch (51 cm) aperture f.10 Classical
Cassegrain telescope on a massive German equatorial mount,
originally constructed and use for many years by the late Richard
Lines and his wife, Helen. It is now used for visual viewing by Prescott
College Astronomy classes, Elder Hostel groups, Boy Scouts and Girl
Scouts, the Prescott Astronomy Club, and a public Open House each
year during Astronomy Week. At times, a CCD camera is attached
andused to record occultations.
The East observatory at NPO (on right in Figure 1) is a 5-meter (16 ft)
dome, which houses a second 20-inch (51 cm) computer-controlled
telescope, used for photometry. This is also an f/10 Classical
Cassegrain telescope, on a fork mount with an open-truss tube that I
designed and built six years ago (Figure 2).
Three computers are located in the 5-meter dome: one for telescope
control, one for the CCD camera on a 4-1/4 inch (108 mm) f/4.5 finder
telescope, and one for the CCD camera on the 51 cm (20 inch)
Cassegrain scope. Telescope control is provided by an open-loop
stepper motor system with a pointing accuracy of 3 arcminutes, and is
capable of 20-minute unguided exposures. These three computers and
dome rotation are operated from a control room 150 feet from the
observatory (Figure 3). Three other computers (one for display of
previous CCD images, one for Guide 6 software star charts, and one
for internet access) are also located in the control room, along with the
hot chocolate and cookies. There are three security-type video
cameras used in conjunction with the computers to operate the
telescope and align the dome slit (Figures 4 - 6).

Figure 2

Figure 3

Figure 5

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Cookbook CCD Camera For Photometry
After looking at several commercial CCD cameras, I decided to build
the Cookbook 245 camera (Figure 7). (See Cookbook Camera web

Figure 12
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page in References at end of this paper.) I felt that a very good CCD
camera could be built for a substantially lower cost, and I found out
that this camera works extremely well. (IMPORTANT FEATURE... IF
IT BREAKS, I CAN FIX IT!!). The 51 cm f/10 scope is used as an f/3.3
system for CCD imaging, by employing the Optec Maxfield focal
reducer, which does not have any vinetting or aberrations; the stars at
the edge of the field are still round. (See Optec web page in
References.)

Figure 13

Figure 14

Asteroid Selection
To determine which asteroid would be suitable for evaluation, I found a
list of â€œRotational Periods of Asteroidsâ€• (Figure 8) on the
Uppsala Astronomical Observatory web site (see References at the
end of this paper).

Figure 15

Reviewing this list, I found 321 Florentina, which had a reported period
of 2.87 hours and was indicated to have a very reliable synodic
rotational period.

Figure 16

CCD Image And Star Magnitude Calibration
Dr. Ame Henden of the U.S. Naval Observatory in Flagstaff performed
an experiment in which unfiltered CCD images of M67 (using a specific
area of calibrated star magnitudes and color index) of maximum
exposure were sent to him for analysis by various observers. The
intent was to determine the variations in CCD cameras and their
spectral response. The test results from about 30 people are published
by Dr. Henden on the USNO web page (see References). The images
were analyzed, and an equation for the V and R response of each
system is presented. These results indicate why unfiltered CCD
images give different magnitude values for various objects.

Figure 17

Figure 18

Using the calibrated field from the USNO (Figure 9), 1 generated
Figure 19
several unfiltered CCD images of 1.0, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
and 6.0 min. exposures on M67. Analysis of the images was performed with the object
of obtaining a signal-to-noise ratio of greater than 100 for a 14.5 magnitude star
(expected brightness for the asteroid). The final results indicated an unfiltered
exposure of 3.0 minutes (180 seconds) was satisfactory (Figure 10).
Asteroid Imaging and Data Reduction With Automatic Software
Asteroid 321 Florentina was imaged on Universal (UT) dates of December 7, 1999 (2
h UT) for 82 images and December 8, 1999 (6 h UT) for 108 images (Figures 11 and
12). (The asteroid is indicated by the arrows.) Several dark frames and flat fields were
also taken. Asteroid image acquisition was performed automatically, using Richard
Berryâ€™s CookBook Camera software AP245PLUS. (See References for web
page). The multi-image function of the program was set to take an image exposed for
180 seconds and then wait for 60 seconds before taking the next exposure. Since the
telescope runs in an open-loop drive system, a very accurate polar alignment and
precision drive gears allows the scope to run all night without requiring tracking
corrections, and the asteroid was maintained in the camera field of 12 X 15 arcminutes.
To evaluate the preliminary light curve, a program called PHOTOMET, also by Richard
Berry, was used. In this program, master dark frames and master flats are generated
first. Then a comparison star, check star, and the asteroid are selected in the first
image. The program then pulls in each asteroid image, subtracts the master dark
frame, flat fieldsthe image and performs annular photometry on the comparison star,
check star, and asteroid to remove the sky background. This process is continued until
all images in a LOG.DAT fileare completed. The program automatically tracks the
asteroid as it moves across the field.
A preliminary light curve of the asteroid and check star is generated and displayed on
screen (Figure 13), with the data saved in an Excel spreadsheet format for further
evaluation. The flat light curve of the check star (upper line) indicates that the
comparison star is not a fast variable. The Photomet light curve is not saved, but can
be printed using the "Print Screen" feature on the keyboard.
Importing the Excel formatted data, and using a program called AUTOPLOT.EXE by
Lew Cook, a similar output curve is generated (Figure 14). This curve can be saved,
analyzed, and displayed as needed.
To obtain accurate asteroid photometry and determine a light curve period, a group of
LONEOS reference stars were imaged on the same night as the asteroid; these
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results (Figure 15) were then used to determine a magnitude vs. intensity relationship
so that the comparison stars in the asteroid image field(Figure 16) will have accurate
magnitudes.
Cookbook 245 CCD Camera images are saved in a specific Cookbook format; they
must be converted into FITS format to be used in other data analysis programs. A
program called CB245, by Richard Berry, can be used to automatically reformat the
Cookbook images into FITS format images, using script filesand batch filecommands
(Figure 16).
The corrected FITS image of the LONEOS stars, along with each asteroid image are
entered into a program called CANOPUS, by Brian D. Warner, by which the LONEOS
stars and comparison stars and asteroid are measured using annular photometry and
the sky background is subtracted. The program then calculates the instrumental
differential magnitude of the selected comparison stars from the LONEOS stars and
assigns a magnitude value to each comparison star. The asteroid instrumental
differential magnitude from the corrected comparison stars is calculated from each
image and saved in a data file (Figure 17).
Composite Asteroid Light Curve
The composite light curve of 321 Florentina obtained on Universal Dates December 7
and 8 1999 UT showed a rotational period of 2.869 hr Â± 0.008 hr (Â±29 sec), with
anamplitude of 0.61 magnitude (Figure 18). The published period is 2.87 hr, as
indicated in the Uppsala "Rotational Periods of Asteroids" data listing. This light curve
was corrected for light travel time to the Earth. Data supplied by the MP02000 Viewing
Guide software indicated that asteroid 321 Florentina is about 18 miles (11.3 km) in
diameter. On the date of imaging, the asteroid was about 1.861 AU (17,300,000 miles)
from the Earth at about 14.2 magnitude.
Asteroid light curves are not as stable or reproducible as stellar light curves. This is
due to the ever-changing surface features due to the rotation of an asteroid,
demonstrated by the NASA NEAR spacecraft images of 433 Eros shown in Figure 19.
Also, the relatively fast movement of an asteroid constantly changes the Earth-SunAsteroid relationship, and therefore, the asteroid illumination constantly changes, as
seen from Earth. It is usually assumed that asteroids have settled down into a single
pure rotational axis and do not tumble as they rotate. It has been determined that the
more dense the asteroid, the faster the rotation. This is based on the physical
relationship that an asteroid will spin only as fast as it can. Any faster rotation and the
cohesive strength of the material is not high enough and the asteroid will fly apart.
Concluding Remarks
In conclusion, it appears that the NPO telescope and CCD 245 Cookbook Camera
system, used with Photomet and Canopus software, can produce very accurate light
curve results. The next step will be to determine the asteroid absolute magnitude
based upon the Johnson system. An Optec filter stepper motor system and V, B, R,
and I filters will be used to calibrate asteroid data to the standard Johnson system.
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Uplsala Astronomical Observatory Web Sites Home Page: http://www.astro.uu.se/
Planetary Systems Group: http://www.astro.uu.se/planet/
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http://www.astro.uu.se/~classe/projects/rotast_eng.html
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Lew's CBA CCD Projects page: http://www.geocities.com/Icoo/lewccd.html
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Ph: (719) 481-0557 Fax: (719) 481-0833
e-mail: brianw-mpo@compuserve.com
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Abstract
XTE J1118+480, an X-ray nova, was discovered by the RXTE satellite at the end of
March 2000 and an optical counterpart was quickly identified by Uemura, Kato and
Yamaoka. The discoveries were announced on the internet VSNET e-mail service.
This paper reports on the techniques used to obtain, reduce and analyze a time
series of observations on the star which led to the determination of the 0.171 d
period of the small (0.055 mag.) amplitude variation over a long weekend. For
much of the work, data reduction tools and services available freely on the internet
were used. Results were posted daily on the internet as they were obtained,
allowing world wide dissemination of the findings as they were being made. The
discovery of the period was announced in IAU Circular 7397 and a paper on the
initial international collaborative investigation was submitted to PASJ by the
principal investigator, Makoto Uemura of Kyoto University, less than three weeks
after the initial RXTE announcement.
Introduction
Internet services, both e-mail and web sites, are playing an ever-increasing part in
the communication of discoveries, collaboration between observers, distribution of
free data reduction and processing software and sharing of results. There are
several e-mail services which alert observers to unusual events in the sky. One of
these, the Variable Star Network (VSNET) managed by Taichi Kato of Kyoto
University, targets cataclysmic and other rapidly varying stars. Alerts are posted by
observers and other researchers. Special studies are coordinated through postings
to these lists. CCD cameras are used in collection of light curves. Free software is
available through internet downloads to observers allowing them to reduce the
images to obtain light curves. Other software is available for plotting and analyzing
the light curves. This paper describes the events and techniques used that led to
small discoveries related to a newly found X-ray binary.
Initial Announcement and Observations
An announcement by Ron Remillard (Kato 2000) on March 31, 2000 of the
detection of an X-ray source in Ursa Major by the RXTE All-Sky Monitor Satellite
alerted variable star observers of the presence of a target. Uemura and Kato (2000)
announced that there was a star brighter than 15th magnitude near the position
determined by the satellite in a posting at 2.3 hours past the initial announcement
followed by a report by Buczynski (2000) at 4.7 hours that the star was at
magnitude 12.91. These reports prompted one of us (LMC) to observe the star the
evening following the announcement. Observations began 13 hours following the
Remillard posting. A continuing series of 370 16-second exposures was taken that
evening over 2.8 hours (0.116 day). The star was still about magnitude 13 (Cook,
2000a). This first night's short observing run was followed up the next two nights by
similar series of 5.1 and 5.0 hours. Light curves showed considerable scatter, more
than intuitively seemed appropriate for the system and the brightness of the star.
Further VSNET Alert notices were posted by observers over the next few hours with
magnitude and position developments.
The second night's observations were reduced first, before the first night's data was
reduced. Richard Berry's Photomet, a CCD photometry reduction program was
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used (Berry, 2000). It allowed the 690 CCD frames to be reduced in a period of
about 3 hours. Faster processing would have been possible in an automatic mode
had better telescope tracking allowed that feature of the software to be used. This
order (second night first) was used to permit a look at the variation of the star over
a longer observing run than was obtained on the first night. Personal commitments
of one of us (LMC) required postponing the processing of the first night's data until
after the second night's data had been collected.

Figure 1. CCD Observations of XTE J1118+480 on April 1, 2000 UT.
The observations showed considerable scatter (Figure 1). An apparent periodicity
was suggested amongst the scatter. The shape seemed sinusoidal and the period
(if the variation was periodic) was about 0.18 days from inspection of the light
curve. This curve was posted on a web page (www.lewcook.com/xte1118.htm) and
an e-mail was sent (Cook 2000b) noting the nature of the variation and period. Fiftythree hours had passed. After one week, enough data had been gathered to be
confident of the nature of the variation and the period and an IAU Circular was
issued (Cook et al, 2000) concluding the period was around 0.1706 day.

Figure 2. 10 point averaged CCD observations from the first 3 nights at CBA
California.
Another night’s photometry in addition to the first night’s showed that the variation
appeared to repeat with the 0.17 day period in the three nights’ data (Figure 2).
Analysis gave a better result with the period finding routine PDM in the AVE
software package (Figure 3).

Figure 3. PDM Theta diagram for the first three nights’ data taken at CBA
California. The 0.170 day period (5.8 cycles per day) has aliases at 8.8, 7.8 6.8, 4.8,
3.8 and 2.8 cycles per day which were eliminated by more data.
Other investigations were carried out through campaigns conducted through the
VSNET collaboration and the CBA. A combined satellite and optical campaign
(Haswell 2000) began on April 8 involving the EUVE, RXTE, and HST satellites.
Results of these investigations will be announced later. By April 15, enough data
had been gathered on the variation to permit some conclusions to be reached.
Uemura, et al (2000), concluded the star was likely a black hole. Its location in Ursa
Major placed it somewhat above the galactic plane, offering the potential for further
work by others in addition to continuing the photometric campaign.
The star remained essentially the same average brightness with the sinusoidal
variation being maintained for three weeks. Several more nights data were collected
which allowed a better determination of the period. The observations, nearly 3000
by that time, were run through the PDM period finding routine in AVE with a period
of 0.170818 day chosen by inspection, which agreed with the period found by the
CBA team as reported by Patterson (2000a).

Figure 4. Phase diagram on a period of 0.171818 days of all CBA-California
observations through April 23, 2000.
The phase diagram on this period (Figure 4) shows considerable scatter about a
mean curve. To get an averaged phase diagram the observations were sorted on
phase and averaged in groups of 50 producing a relatively smooth sine wave
(Figure 5). The shape of the curve and the period seemed unchanging.
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Figure 5. Averaged Phase diagram through April 23, 2000 (CBA-California data).
The data is repeated over two cycles for clarity.
The data accumulated over the month of April 2000, including concurrent runs at
CBA California in integrated (('pink') light and at the US Naval Observatory in
Flagstaff in ultraviolet (U). One feature of the light curve that was troubling from the
start was the fact that there was considerable scatter in the data. It is a common
goal of photometrists that spurious scatter in light curves be eliminated, and much
effort goes into approaching that goal. Simple photon statistics will limit the
precision that can be obtained. Based upon other work done at CBA California,
there was an impression that scatter exceeded that from photon statistical noise
alone. The concurrent observations from April 7, 2000 were compared by averaging
3 consecutive measures of the 16 second CBA-California data and plotting them
with the USNO U data after making an arbitrary zero point shift to align the curves.
The two sets of data track well on a broad scale and there is a tendency for them to
track together with some scatter based on a visual inspection of the curves (Figure
6). The amplitude of the slower variation seemed slightly larger in the unfiltered
curve (open squares) than in the U curve. Further observations by David Skillman
(Patterson, 2000b) indicated the star shows short-term variation at a 9.9 second
period.

Figure 6. Simultaneous observations through a clear filter (open squares) at CBA
California and a U filter (USNO). The rapid variation in the star evidenced by the
large scatter is seen in both sets of data.
Changes in the shape of the light curve were seen in CBA California data from the
nights of April 29 and 30, 2000. There was a departure from the sinusoidal shape
seen in the first month of the study, with the shape becoming sawtooth shaped
(Figure 7). There are undoubtedly many other studies which will emerge from this
very interesting star.

Figure 7. Phase diagram for data collected April 29 and 30, 2000 showing the
change from a sinusoidal shape to a sawtooth shape. Zero phase is arbitrarily
selected.
Equipment and Resources
The CBA California telescope and CCD Camera system consists of a fork-on-disk
44 cm Newtonian reflector which carries a Cookbook 245 camera (Berry et al
1994). A Schuler Astro-Imaging Systems clear filter was used. U.S. Naval
Observatory equipment used was the 1.0-m Ritchey-Chretien telescope at Flagstaff
and a Tektronix 1024 CCD camera equipped with a filter matching the U of the UBV
system. The CBA California data was reduced using Richard Berry's Photomet
program (Berry, 2000) while the USNO data was reduced using IRAF software. The
output data from Photomet were loaded into AutoPlot.xls, a freeware Excel
Spreadsheet (http://www.lewcook.com/autoplot.htm) designed for plotting data.
Heliocentric
corrections
were
calculated
using
SunTime.xls,
(http://www.lewcook.com/SUNTime.htm) another freeware spreadsheet.
The AVE software package is available free from the Spanish organization GEA
(Grup
d'Estudis
Astronomics)
at
their
web
site
(http://www.astrogea.org/soft/ave/aveint.htm). While the software uses Spanish
menu titles they are nearly identical to the English words and there are English
language instructions on using the software on the GEA web site, so the difference
in language is unimportant in using the software. VSNET Alert archives can be
viewed at:
http://www.kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-alert/maillist.html.
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Summary
The discovery of a high galactic latitude X-ray star by the RXTE satellite and
announcement on the VSNET e-mail service led to a flurry of work by investigators
around the world. They cooperated by sharing photometry, visual observations,
archive research and astrometry. The level of cooperation, the speed of the
investigation and the availability of internet services to post documents and
findings, facilitated by software freely available through internet sites highlights the
utility of internet communication. The collaborators used it to distribute findings plus
keep other observers and investigators current with happenings in a near real time
mode. This points to an ability to gather resources and apply them in speedy
manner to any urgent observing target. Because it is always night somewhere, the
impact of these services is global.
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An Introduction to Astronomical Spectroscopy
Transcript of presentation given at 2000 IAPPP Western Wing Symposium
(with subsequent grammar cleanup by speaker)

Dave Kenyon
drdkccd@vfr.net
http://www.vfr.net/~drdkccd/
What we are going to talk about today is spectroscopy and go
through a bit about how to classify stars on an H-R diagram. Then I
am going to show you a very simple spectrometer or spectrograph
that you can put together. I know this is very easy to do as I have
had students in an introductory astronomy class build one and test it,
so I'm fairly certain that it's not to complex. .
Most everything we know about the stars comes from spectroscopy. Spectroscopy
began back in the mid 1800’s and amateurs played a key part in the early days of
stellar spectral analysis. Amateurs were working right along side the professionals
on this. Then, it popularity began to fade due to the increasing complexity of
improved spectrographs. A good quality spectrograph needed a collimating lens, a
prism, you need to understand how Photograph plat processing was done as well as
the time involved in the process. Plus, spectra were poor quality and very hard to
read.
Nowadays, there is a lot of support infrastructure to help the amateur spectroscopist
to be successful. There are a great number of projects in which the amateur can
participate, and the IAPPP can help facilitate linking interested parties for project
participation with these professionals. The amateur-professional relationship is an
ideal arena for beginning spectroscopy users to develop your own projects as well. I
am certain that there will be a continued increase in the of linkage of professional
projects as well.
There is not a lot out there currently written on spectroscopy from an application
standpoint. There have been some articles in the popular astronomy magazines on
process and application. There is an amateur spectroscopy forum-web page on the
internet at: http://users.erols.com/njastro/faas/
I believe that the introduction of SBIG’s spectrometer product, and the inexpensive
defraction grating available from Rainbow Optics will drive up the popularity of
spectroscopy. Hopefully, what I’m going to talk about, along with these products, are
going to put spectroscopy back into an active amateur endeavor.
BBasically, every star we look at in the sky can be classified (at least
if you can get a decent spectra of it) in two ways. One is it’s
spectral class. That being basically its temperature. The other is the
star’s luminosity class, which is in essence its size.
Let take a look at spectral class - I know it is not politically correct,
but the old ‘O Be A Fine Guy/Girl Kiss Me Right Now Slap’ is still
the standard for remembering the spectral sequence. A few
alternatives have been proposed which are more politically correct,
but none have stuck.
Very simply stars are classified from O to M, hotter stars on the left
(O), cooler stars on the right (M). There are a few special cases such
as Wolf-Rayet stars which are extremely hot stars, as well as S, R
and N stars that are very cool and probably most often referred to as
Carbon or C type stars.
Luminosity classification refers to the size or area of the star. The
upper portion of the H-R diagram is very luminous super giants are
found. These are huge, enormous stars. Then coming down the HR diagram we reach the white dwarfs. If you plot the temperature
(spectral class), verses the luminosity (size) of a large number of
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stars as Hertzsprung and Russell did, on an X-Y graph, you get
something that looks like this graphic.
The “S” shaped line running from the upper left to the lower right is
called the Main Sequence.
It turns out that 90% of all of the stars in the sky fit along the main
sequence line. Our Sun just about in the middle at spectral
classification G4. The other important piece of information related to
identifying the spectral class of a star, is that you also know its
intrinsic brightness, or absolute magnitude as well.
The luminosity classification is essentially done by measuring the width or
broadening of the hydrogen absorption lines. A very large star, a supergiant, has a
spectrum which looks almost like a pure gas behind a light source. You get these
nice, thin, crisp, absorption lines. Where as a small star, like a main sequence star,
has a gas envelope which is gravitationally very tightly compressed. The close
proximity of the envelope to the gravitational field of the star has compressed the gas
to a very high density. This high density causes an increase in inter gas interactions.
Due to the Doppler Effect, the absorption lines begin to broaden bit. This is how
luminosity classification is accomplished.
Now, here is a way to look at this pictorially. The stars are not to
scale, of course, but you would have white, blue to yellowish stars
moving from left to right on the H-R diagram. At the bottom left is
where you find the white dwarfs. In the upper right are where we
find the red supergiants, and red giants a bit below them. Then of
course to the lower right we have the cool M, carbon stars.
So, after you have plotted a large number of stars on the H-R
diagram, What do you know about them? Already? You know hot
they are, you know their luminosity, and you know basically how big
they are as well. You also know a lot about their atmospheric
density as well.
Now, here is one of the challenges of spectroscopy, that is to know
when you have obtained the spectra of an object, to actually figuring
out what’s going on. This graphic which was taken from Seeds
book, “Foundations of Astronomy”, is an excellent reference. It is a
computer generated simulation of the way that a perfect stellar
spectra would appear if everything was ideal. Is essence, taking all of the elements
that make up a star and modeling the absorption behavior at a given temperature
across the visible spectrum yields this graphic.
As you can see, if you start at the top with very hot stars and move down in
temperature, you begin seeing the hydrogen absorption lines strengthen (absorbing
more and darkening), and become more pronounced. Then as the star’s temperature
reduces, the lines begin to fade. So this is one very obvious difference between, say
an A star and a G star, is that you have a more pronounce hydrogen, Alpha and Beta
absorption in the A star than the G star.
It is apparent from the simulation, that as a star’s atmosphere cools, absorption lines
due to molecular metals start to appear. These are the absorption lines due to
calcium, iron, magnesium and titanium.
So as you move down the temperature scale from the very hot stars to very cool
stars, and plot their ideal absorption behavior with respect to the frequency of light
passing through the star’s atmosphere from 400 nanometers (4000 Angstroms) to
700 nanometers (7000 Angstroms), the star should, in theory, produce these ideal
spectra.
This is not a bad place to start. Begin by collecting spectra of a number of different
spectral classes and matching your spectrum to the ideal ones in the graphic. Here is
a set of raw spectra I collected recently. As you can see they are a bit of a challenge
to read. This is where the new tools I spoke of earlier can be helpful.
One that I use on a regular basis is the line analysis tool in MaximDL, available from
Cyanogen Productions. Another tool is AIP for Windows available from Willman-Bell.
Both of these tools are of great assistance in analyzing spectra. Basically, you run
the line analysis tool along the dispersion ,and you can see absorption lines dipping
down and emission lines peaking up. It is fairly easy to identify the prominent
absorption lines such as oxygen due to the earth’s atmosphere and of course the
H-Alpha and H-Beta, the two major dips.
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Learning to read spectra was once described to me as like learning to bird watch.
You have to practice looking at these spectra for a while, until you can get a feel as
to how things look. To learn the features necessary to tell a sparrow from a finch if
you will.
How do you build a simple spectra graph? Basically you need two
things. You need to be able to disperse the incoming light from the
star and something to collect the image. An inexpensive diffraction
grating shown here is available from Rainbow Optics. You can also
buy a similar type of grating from Edmund Scientific. To assemble
the spectrograph, place the dispersion grating between 15mm and
25mm from the detector’s focal plane. This should produce a good
dispersion, along with the zero order image on the detector.
From the standpoint of resolution and quality, you have quite a range
from a very cheap plastic grating for a few dollars, to a few hundred
dollars for the Rainbow Optics version. Of course, a CCD camera is
needed as well. The set of spectra that I showed earlier were done
on just an ST4, with the diffraction grating screwed into the camera
nose piece, and popped it into a telescope. The images were about
2/10 of a second. Very simple to obtain in a short period of time.
It is easy to envision placing one of these diffraction gratings into
your filter wheel and as you progress through the night collecting
your CCD photometric images, you could select the grating and
collect a few spectra at the same time. So this simple form of
spectroscopy integrates very nicely into existing CCD methodology
and techniques currently in use.
Now, one point on obtaining finer resolution, basically it is very straightforward with a
diffraction grating. The further the grating is from the detector, the greater the
dispersion – and there for the finer the resolution. You can continue to increase
resolution until you hit the limits of the atmosphere and your optics. Many of these
type of spectrographs are operating at a manometer per pixel. So it is very possible
to do professional work with low-resolution spectrometers.
Now the SBIG product is an significant investment. However, it has superb
resolution. There was a superb review of it in the May 2000 Sky & Telescope.
There is another technique, although lower resolution, which will help you learn to
classify spectra and to get a better feel for what you’re looking at. Place the grating
close enough to the CCD that the zero order image appears on the chip. The zero
order image is the original star image on the left side of the previously shown
spectra.
In these dispersions the spectra run from blue to red moving left to right. Now, what
we have is a true, referenced, comparable spectra. You can align a large number of
spectra for comparison with the major absorption lines all coincident. Since you can
align the zero order images of different spectra, it is not necessary to place the object
of interest or the dispersion in exactly the same place on the CCD each time. As long
as you have the zero order image – the original image and the dispersion- all of the
reference lines are in the same position with respect to the zero order image. The HAlpha, H-Beta, and Oxygen absorption lines are all coincident.
Maurice Galvin who is a very accomplished spectroscopist in England recently
obtained spectra of a few Quasars and was able to measure their cosmological red
shifts with this technique. There is a lot of capability available to the amateur by
placing another “filter”, if you will, into your wheel set.
Now, let’s look at a few practical examples which can aid you in learning to read a
CCD spectra. First, if you notice, these CCD spectra do not have that classic gray
and black, half-inch wide strip with absorption lines as you would see on an emulsion
recorded spectrum. A modern CCD spectrum has this ‘hump like” shape. This shape
is due to the quantum efficiency of the CCD across the visible spectrum. In the case
of spectra shown above, they were collected on an older non-‘E’ chip. This detector
has a very low response in the blue, therefor the roll off in sensitivity at that end of
the spectrum.
The Infrared filter off was not used and thus the extended response past red into IR
can be seen. Most CCD’s are very efficient in infrared you can obtain very good
spectral imaging out into the reds and the IR.
Now, here’s another caution that I’d like to share with you. Most of the historical
spectra which you can access are limited in bandwidth to blues to UV. This is due
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to the response of the emulsions on the plates, which were used. So they are
actually to the left of the spectra I have shown. They basically start roughly in the
middle and move into the area where the CCD is not very efficient. It is very difficult
to compare classic older spectra with a CCD version.
You need to use spectra, which have a broad visual range and reach into the red.
There are a few references available which are useful. My favorite is ‘Stars and Their
Spectra,’ by Kaler. It is a reasonably up to date as it was published in 1997. I have
found it to be a good reference for Selecting stars of different spectral classifications
and developing my own reference set.
There are also a number of web sites focused on spectroscopy. These seem to truly
be the best source of reference spectra available. These spectra were collected with
fundamentally the same equipment set as you will be using; a grating and a CCD
detector.
It is also very easy to develop “known sources” for your spectrometer. Use a physics
lab hydrogen emissions tube as well as a mercury tube. Using aluminum foil, poke a
very small hole in the foil to produce an artificial star. Place this “star” 30 or 40
meters from your telescope and spectrometer and image it. You will find that you can
collect a very clean set of reference lines in H-alpha and H-beta using the hydrogen
tube. Additional lines can be obtained with a helium and a mercury tube as well.
In the above setup, the pinhole image is the zero order image. The emission then
would be seen, dispersed to one side of the zero order image. This is also a good
way of characterizing the spectral Performance of your particular chip..
For calibrating the spectra uses the standard CCD processes of bias frame and dark
frame subtraction. If you’re imaging bright objects like those showed a bit earlier
(these were imaged at a Very cold temperature of –10C or –15 C), at a 1/10 of a
second exposure. At this temperature and exposure time the dark counts are very
low. The literature and other spectroscopists agree bias and darks should be
removed as it will correct for other anomalies.
Flats are a real issue. The grating introduces artifacts during flat field capture. The
alternative is to use a chip flat. The chip flat will do a good job of eliminating dust
donuts, basically the inconsistencies on the chip due to closely spaced particles of
debris. The chip flat will also normalize and flatten the gain of each individual pixel of
the spectra as well.
Keep in mind, a chip flat is very plane looking if the chip you are using has no major
manufacturing flaws. So, to some extent, if you can’t get consistent chip flat field, the
chip may not be usable for spectroscopy.
One potential downside you may encounter is if some of the dispersion lands on a
defect in the chip, you may wind up chasing an ‘artificial’ discovery. The chip can
introduce what appears to be an absorption line because it just happened to land on
a defect. One solution to this problem is to move the placement of the dispersion to
different areas of the chip and then median average these different spectra.
There are few potential projects to begin collecting spectra for beginning with
variable stars. Mira type, and some irregular variables, their spectra’s vary with the
light curve. So I can envision a number of projects where you collect photometry with
your standard filter set then, while on the object, collect the spectrum.
Follow your normal observing program for your object (weeks or months of the
period), you might be able to identify a of correlations of variability and changing
spectra. This would be good team project or club project. Have people in different
complexes work on collecting photometry and spectra. In the complex where I am
located, we have four or five buildings there, and we have discussed having students
doing some photometry and putting some time into collecting spectra.
I have only briefly touched on carbon stars. Carbon stars produce a “string of beads”
or “pearl beads” looking spectra. Lots of metals, lots of molecular activity going
there. These stars are a hot topic in the professional community for studies. Beta
Lyra types, Gamma Cass, they have spectra that change. Emission stars, E stars,
like the stars in the Pleiades; there is a lot of interesting spectral activity going on in
these objects. And of course, acquiring the spectra of the very hot Wolf-Raye stars,
a very mainstream topic right now.
Next, there of course is novae. Nova are very important subjects to study. The
downside of novae are that one has to be there the night that you are set up,
calibrated, your chip is cold, you are ready to roll. The IAPPP in particular, the
AAVSO and with the internet today, there is a very good alert system so you can be
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alerted to the latest information.
Comets, are another main stream topic, we have Comet LINEAR coming up in July
of ‘00. There has been some discussion in the literature obtaining spectra of the
atmospheres and the methane line along with looking for complex molecules.
Monitoring CO2 on Venus is interesting and tends to be a good educational tool, but
I’m sure there are some amateur-professional relationships that could be established
there as well.
The bottom line is that there is excellent equipment and the tools are getting there.
Choose one of these programs, which matches your interests. I am sure that we
could generate a lot of support and provide some solid data collection for the
professional programs. The web page I mentioned earlier (Maurice Galvin in
England) has put together a great site, however, I will caution you that it is under
construction. There are not that many reference spectra, there are a couple of
articles in the literature but it is still coming up to speed. There are bibliographies of
people that are involved in this on these sites which you may fine useful as well.
So there are opportunities. Literally, I have tried this, I have had students set these
systems up, take spectra, and they work. So I am surely confident that the capability
is well with everybody in this room to do this. Thank you.
Any questions?
[Question] Although I understand how (spectroscopy) works, I’m just curious,
because of the spectral response rates of the filters, that one drops down and
another one comes up again, you can have a gap in there where there is a window
of no coverage.
[Answer] These are not filters, the grating is placed in front of the chip, and then as a
point light source passes through the grating, you see a zero order image on the
chip. Then there is a dispersion of the light out to the left. So, you are not filtering
through anything. There is just one grating in front of the chip, and the grating works
across the entire spectrum of visual light.
Oh, something I forgot to mention is that if you like to look at classic spectra, then
orient the camera with the grating so that your dispersion is north-south in the field.
You can hold your RA slow button down so that as you drift, you get a classic looking
banded dispersion. Also, try to get the grating aligned up with the CCD array,
otherwise, you can get an array effect and fringing at times in the spectra.
[Observation from Audience] There are some absolutely superb websites set up on
gratings and grating prisms by Christian Buil in which he describes when the cone of
light comes in and goes through a grating, you get a conical light aberration, which
actually, if you focus on your zero or spectrum, the spectrum will be in focus. So,
there is a number of ways to get around that, and there is about a five-page analysis
with that. You can actually work out the optimum grating angle. Second, there is a
beautiful stack of reference spectra on the NOAO web site. There are 116 reference
spectra for all sorts of stars and an absolute energy calibrator.
[Question] For dimmer objects, you obviously have to expose longer, is there some
practical limitation you come to?
[Answer] Keep guiding. The thing I have found is that with the dispersion gratings, in
front of the entire ST7 or ST8 array, will also produce a dispersion on your tracking
chip as well as a zero order image. So, it has to be a fairly bright star, but it can be
guided on for a longer integration time. A number of the spectroscopists I have
talked to actually use two cameras.
[Observation from Audience] When I do this sort of thing, when you align that
dispersion so that it is along the line of Right Ascension, then periodic errors in your
tracking smear perpendicular to the dispersion angle, and you don’t have to guide at
all.
[Answer] Very much north-south is really the way to go in aligning your dispersion. A
wind gust or something will just broaden the spectrum and give you more of that
classic looking dispersion.
[Question] Can you stack images?
[Answer] Yes, stacking a lot of images to get dim spectra is very useful. Just imaging
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5 or 10, 4 – 5 minute exposures, just align and stack the spectra, it will work just fine.
[Question] What is the limiting working magnitude?
[Answer] Well, I haven’t experimented too much with extremely dim objects. I did a
couple of 12th magnitude galaxies and I did not have as much success as with
brighter objects. But, on the order of 10th magnitude I can be fairly consistent. But,
you must have a good north-south alignment of the dispersion, very straight on the
array and a solid guide star. Obviously the basics are important as well, telescope
well aligned to the pole, and then you should get down to some dim levels.
Another alternative is to plug, a piece of fiber optic cable in the back of the telescope
run it down to the camera/grating setup. You can place the camera on a table, and
begin collecting spectra. It is an elegant solution, because it adds almost no weight
to the back of the telescope. You can’t get down quite as deep, due to the loss in the
fiber.
[Question] Can you shoot clusters?
[Answer] Yes! I obtained a spectra of M-13 recently. It was impressive, but I didn’t go
deep enough get any detail. However, it worked great, all these different spectra over
the entire image. Finally got to the core and it turned into a big smear. But, clusters
and groups of objects look really interesting. You basically get a large set of spectra
at one time.
Ok, I think we are about wrapped. Thanks very much.
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New Eclipsing Binary HIP 91052 Beta Lyrae Type
(A Poster Paper)
Leroy Snyder
Co-Chairman, IAPPP Western Wing
snyder@rigel.physics.unr.edu
Transcript of talk:
Hipparcos was launched in 89 for four years to measure the positions of stars. While
they were doing this, I didn't realize that they would be getting data maybe once
every 20 days or something like that, for four years. I thought they were just going to
get the positions of stars. It didn't work that way.
About a year after Hipparcos was up there, data started being
leaked out. I think hackers were going in and getting the data.
Because I started seeing different papers releasing the data. I recall
seeing one paper on the data on the IVVS. The individual who wrote
the paper had listed 40 stars, and all he was doing was taking the first 5 or 20 plots
from Hipparcos, the satellite and plotting them. And if there was scatter, he says a
potential variable - and they were. But you need the discovery, to get right on it.
Since this paper, I listed three possibilities. And the one night when I got on it, the
first one was in Draco, HD170001. And I got on it and found out that, man, this thing
is a variable, if it was a short period variable that's what it looked like. I started
getting data on it over a period of about a month. I used a power spectrum to
determine the period it looked like something like 30 days. I was ready to throw that
one in the trash can. I like to work on real short period variables. I kept getting data
on it, and the next thing I came up with something that looked like 8/10of a day. So I
kept at it, and pretty soon I even went into NASA and one of the period generator
programs that they have, and they came up with something like 9/10 of a day. I got
408 points over a period of three years. Well, Hipparcos was doing the same thing
and I didn't know it. If I knew it, I should have raced. Because I got the rug pulled
out from under me. Here's what happened.
When I finally got the full 408, the whole light curve, as you can see on the left, on
the poster, Hipparcos was publishing a full light curve, and after the program was
over. And they were coming up with 9/10 of a day period. When I downloaded that,
was I shocked. I thought, gee here I had a discovery. I saw the exact curve. I
contacted the satellite to see if it would be co-authors. You can't do that. The
satellite wouldn't answer. So, itâ€™s very impersonal. You are not a co-author. The
satellite has it. It has published the data and can't care less. So it was really a
learning lesson for me.
I downloaded their light curve, the curve on the right, and both are identical. It's a
Beta Lyra type star. But I was able to throw some dirt at them, the people running
the program. I wrote back and said that your period is way off. The difference in the
period I have and they have is something like 1/10,000 of a day. But I had to get
back at them. I was so upset.
I learned two things. I'm going to keep everything secret from now on, with those
satellites up there pulling the rug out from under you. This paper is going to be
published in the IVVS and all I can say is that I substantiated what the satellite
found. What I would like to say is that the satellite helped me to discover it.
I did learn one thing. In the panel last night all these different systems, the filter
systems, the Johnson, every time a satellite goes out there, like Hubble, they all
have their own filter systems. Gunn was mentioned. I never heard of it last night. I
did discovered in looking at research papers just recently, that one mathematician
wrote a paper on how to transform the Hipparcos filter system to the Johnson
system. I took that formula and it works out very well. So, I am waiting here pretty
soon, I think somebody is going to come out with a book with all these 200 different
filter systems. And they are going to show you how you can transform them.
Christain Bueled did three of them in his book. How to transform your system, the
Johnson system, over to the Hipparcos for instance. Or the Hipparcos over to the
Johnson system.
Poster Paper Text
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A search of the Tycho Mean Photometric Catalogue (TPMC) and the Tycho
Photometric Observations Catalogue (TPOC2) (Woitas, 1997) listed HD172022 as
a variable star, period and type unknown. Variability was determined due to
scattering of the brightness in the TPMC data with respect to the median value, and
the height of maxima in a periodogram analysis.
HD172022 (= HIP91052 = TYC 3913 1509 1 = SAO31058) was observed in the B
and V band with the 56-cm Schmidt-Cassegrain and an Optec SSP-3 photodiode
photometer and with a Lynxx PC CCD on a 20.3-cm (8 inch) Celestron at the
Maclean observatory. Between October 20, 1997 and August 1, 1999, 408 data
points were acquired. The Hipparcos satellite ESA (1997), in addition to parallax
measurements, obtained photometry on a large number of suspected variable stars.
Between December 4, 1989 and March 4, 1993, this satellite acquired 107 data
points on HD172022 in this 3.25 year period. The Hipparcos observations are
relatively evenly spaced but the satellite photometric system uses a much broaderband, 380nm to 800nm covering most of the visual spectrum compared to the Optic
filters, 500nm to 660nm, in the usual Johnson UBV system. The passband used in
Hipparcos satellite is so broad that it effectively embraces both V and B passbands
of the Johnsonâ€™s UBV system. These magnitudes are not V, as in the UBV
system but are close.
The adopted spectral type of Hd172022 is A5V with galactic coordinates (l =
88.27degrees, b=26.25 degrees). A semi-detached solution of these light curves
(Wilson & Devanney 1971, Wilson 1994, 1990,) gives the following parameters: T1
â€“ T2 = 2500K, and a mass ratio (m2/m1) of 0.380. The primary minimum
amplitude is 0.347 magnitude and the amplitude of the secondary minimum is 0.125
magnitude.
Times of minimum were computed using Hertzsprung (1928) technique and the O
â€“ C residuals were calculated using the ephemeris
tmin = HJD 2448500.1890 + 0.d944276 x E
of ESA (1997). Based on this paper’s recent timings a new ephemeris is:
tmin = HJD 2448500.1888 + 0.d944277288 x E ± 0.0014 ± 5.17-7

The light curve from Hipparcos data
The light curve from the MacLean data in V and B

mass ratio input = 0.380000
Omega 1 = 3.300000
Omega inner = 2.637021
C 1 = 4.858433
C inner = 3.897594
Fillout 1 = -2.847928
Lagrangian L1 = 0.597988
AG = r1(back) = 0.357663
BG = r1(side) = 0.350043
CG = r1(pole) = 0.340108
DG = r1(point) = 0.363667
Surface area 1 = 1.537056
Volume 1 = 0.000000
Mean density 1 = 0.000000
Mean radius 1 = 0.349271
Mean radius 1 (vol) = 0.000000
inclination = 68.500
temperature 1 = 8500.00
luminosity 1 = 0.8353
gravity coefficient 1 = 1.000
limb darkening 1 = 0.510
reflection 1 = 1.000
Third light = 0.0000

mass ratio < 1 = 0.380000
Omega 2 = 2.637021
Omega outer = 2.404228
C 2 = 3.897594
C outer = 3.560212
Fillout 2 = 0.000000
Lagrangian L2 = 1.537000
AS = r2(back) = 0.323106
BS = r2(side) = 0.290408
CS = r2(pole) = 0.278650
DS = r2(point) = 0.402011
Surface area 2 = 1.131610
Volume 2 = 0.000000
Mean density 2 = 0.000000
Mean radius 2 = 0.297388
Mean radius 2 (vol) = 0.000000
wavelength = 5500.00
temperature 2 = 6000.00
luminosity 2 = 0.1647
gravity coefficient 2 = 0.320
limb darkening 2 = 0.610
reflection 2 = 0.500

This research has made use of the Simbad database, operated at CDS, Strasbourg,
France.
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Photometry at Santana Observatory
By: Robert D. Stephens
Co-Chairman IAPPP Western Wing
rstephens@foxandstephens.com

The Observatory
My observatory is located at 33Â° 59' 83" N, 117Â° 33' 47" E at an
elevation of 1,600 feet. It has been assigned observatory number 646
by the Minor Planet Center. I named the observatory Santana in honor
of the 40 - 70 mph Santana winds that blow through the area several
times a year.
Under the theory that telescopes are a compromise that you look
through, this observatory is a compromise that gets used - up to 100
nights a year. It is in the worst possible place, the middle of a light
polluted city, yet the best possible place, off my family room next to the
big screen T.V. It is designed to operate automatically. I just have to
go through a start-up routine and load that night's observing run. The
results have to be monitored several times during the night for focus
and pointing accuracy, a process that only takes a few minutes.
The observatory itself started out life as a 12' by 12' patio enclosure
built by a local contractor. The walls are 2-1/2" foam with hard siding
on each side, which stand 8' to 10' high. The roof is 3" foam with metal
facing. As such, the structure met all local building codes and sailed through the
Planning Committee of Rancho Cucamonga - one of the toughest cities in Southern
California. Through pre-arrangement with the builder, the roof was attached with only
4 screws. Let the modifications begin!
Besides missing the fact the roof was only held on by 4 screws, the inspectors didn't
see the 14" square hole cut in the concrete pad into which I eventually dumped 600
lbs. of concrete on which to mount the pier. The pier's foundation is insulated from the
house foundation and the pier was filled with sand and oil to further dampen vibration.
Kurt Sutton, also a member of the Riverside Astronomical Society, helped me build the
rolling mechanism that allows the roof to roll aside onto the top of a pre-existing patio
cover. The roof rolls on 10 ball-bearing wheels locked in opposite facing aluminum Cchannel tracks. Eight more wheels keep it in place laterally. This mechanism slides so
smoothly that I can open it with one finger.
One over-riding criteria was that the roof had to hold up to the 40 - 70 mph Santana
winds that rip through the area in the Fall. I didn't want my observatory to be featured in
some remake of the Wizard of Oz! These winds are strong enough to tip over semitrailers and can quickly shred a roof of poorly attached tile or single. I attached tiedowns as a sanity check and can report that the roof has stood up to the strongest of
gusts - and I have even imaged during lesser winds with good results.

The Telescope
The telescope is a Celestron C11 on a Losmandy CG11 mount. The
mount's electronic package was removed and retrofitted with a
SkyWalker GOTO drive system manufactured by Astrometric
Instruments.
The telescope has sprouted an electronic focuser made by Lumicon
that is controllable from the computer inside the house. It also has a
80mm finder with a .4 lux video camera sold by SuperCircuits. This
camera feeds a live image to a small 5" black and white television mounted next to the
computers. With this system, I can see 8th magnitude stars which greatly assists in
the alignment process.
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I can image at the telescope's normal F/10 - 110" focal length or at F/6.3 using a focal
reducer manufactured by Celestron. I also can image at F/5 or F/3.3 using special
focal reducers manufactured by Optec, Inc.

Filters
Wanting to be able to do tri-color imaging as well as photometry, I mounted Optec's
MAXfilter 2" automatic filter selector. This filter slider allows for the extra large filters
needed for their F/5 or F/3.3 focal reducers.
I purchase two filter holders. In one I mounted the standard Tri-Color RBG filter set. In
the other, I have mounted a Johnson B filter and a Johnson V filter in order to due
photometry.

The CCD Camera
Previously hanging off the back end of this is an SBIG ST-7e made by Santa Barbara
Instruments Group. At my location, the CCD camera can usually reach 17th
magnitude when the Full Moon is in the sky, and can reach 18.5 magnitude under
good conditions. Recently, I acquired an SBIG ST-9e. Its primary benefit is the larger
chip size that allows me to operate at a longer focal length while keeping the same
field of view.

Software
The telescope is operating using Astrometric Instruments' SkyGuide
software. This software controls the basic functions of pointing and
slewing the telescope as well as focusing the camera. To provide a
more robust database of objects including any asteroid, for which an
orbit has been determined, I use Brian Warner's MPO Connections
software using its LX200 interface to talk to SkyGuide and control the
GOTO System.
MPO Connections also controls the CCD camera and to provide a
software script to run an automated observing run.
I use Brian Warner's Canopus to analyze asteroid photometric and
astrometric data

Computers
Two computers networked together control the observatory. One, a 166 MHz, runs
SkyGuide and talks to the telescope. The other, a 450 MHz, runs TheSky, CCDSoft,
MPO Connections, and Canopus.

Asteroid Photometry
Over the years, I have done many facets of amateur astronomy including visual
observing, film photography, CCD imaging, variable star observing, and occultation
and graze timings. In recent years, I have developed an interest in asteroid research
including astrometry - the recording of positions to determine orbits; and photometry the recording of brightness to determine rotational periods. There are now more than
60,000 asteroids to keep track of, and lots of these need observations in order to
improve their orbit calculations. Also, rotational periods have only been determined for
a few hundred of these asteroids.

Current Program
The main reason for configuring the instrument as it is was to allow automated data
gathering. The telescope takes an image of an object, slews to a different section of
the sky, takes an image of another object, and so on. The data can then be reduced,
while the telescope is operating, or the following day. Also, data can be gathered while
the telescope operator is unconscious in an adjoining room!
The telescope now runs completely unattended. Most people who do this know that
focusing is the most difficult issue to overcome. As temperatures change, the focus of
the telescope also shifts due to the metal parts contracting or expanding. This results
in the image being out of focus. On most nights, the telescope has to be refocused two
or three times during the night. Brian Warner's MPO Connections overcomes this by
providing a scripted AutoFocus routine. Periodically, I have the telescope slew to a
6th to 8th magnitude star, synchronize on that star by putting it in the center 20% of
the field of the CCD Chip, and then send commands to the electronic focuser until it
has reached it best focus. So far, I have found this to be reliable enough to keep the
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image focused sufficiently for photometric purposes. In fact, I rarely focus manually
anymore.
The automatic nature of the equipment allows for much greater data being gathered
than ever before. On a typical night, 80 to 100 CCD images are gathered of various
asteroids and comparison stars.
My main emphasis currently is obtaining asteroid light curves. This is done by obtaining
observations of an asteroid over several nights and charting the change in brightness
on an X-Y chart. By charting where the peaks and the valleys on the light curve lay,
you can find a repeating pattern that allows you to determine how fast the asteroid
rotates.
The average main belt asteroid looks something like a potato. Therefore, during each
rotational period, it shows two elongated sides to us, and two shortened ends towards
us. During those times, the light curve will show two bright peaks and two dim
troughs. This average asteroid will rotate once in an eight-hour period, allowing you to
see the whole curve with one night's data. Others, can be much more difficult. Some of
these pesky asteroids will take several days to rotate just once. That means you
need night after night of data to build the lightcurve.

Typical Observing Run
The target Asteroid is first chosen determining which targets are within range of the
telescope and are favorably placed for a long, overnight run. Referring to Minor Planet
Lightcurves Parameters list posted at the Brian Warnerâ€™s CALL Web Site
(http://www.minorplanetobserver.com/astlc/default.htm) eliminates asteroids with wellknown lightcurves.
The telescope and the camera are turned on, the temperature is regulated, the camera
is focused, and flat fields are obtained. Proper flat fielding is critical for this type of
work. There has been much discussion of dome flats vs. using the twilight sky. I have
had my best success taking several images of the twilight sky with an exposure
sufficient to half saturate the CCD chip, equalizing the exposures (adding brightness
until each image has an equivalent background sky), and then averaging the images.
Accurately measuring the asteroid brightness is a tricky task. You have to compare its
brightness to that of accurately measured stars. The distribution of those accurately
measured stars is much sparser than you might think. In a ten-degree square section
of the sky, there might be two clumps of stars that have had accurate photometry done
on them. Furthermore, they certainly donâ€™t lie in the field of view of your target
asteroid, which then has the nasty habit of moving from field to field, night after night.
All of the rest of those stars plotted in your star charts are only good to within Â½
magnitude â€“ if youâ€™re lucky!
I slew the scope to a field close to the asteroid - with stars of medium to high accuracy
magnitudes. These fields are taken from the LONEOS catalog produced by Brian Skiff
at Lowell Observatory, Flagstaff, AZ. A finder chart of this field can be generated to
locate the specific stars from the catalog, although I locate them using TheSky
software.
The level of accuracy you must obtain is quite stringent. The typical asteroid has an
amplitude (change in brightness) of just 1/10th of a magnitude. Professionals like to
therefore measure to 1/100th of a magnitude in order to generate a smooth, repeatable
lightcurve. The amateurs who endeavor to do this work, although seeking to obtain the
Holy Grail of â€˜1% Photometryâ€™, are often satisfied in getting a 2% of a
magnitude accuracy.
If the asteroid and the comparison stars are bright enough, images will be taken
through a Photometric Visual filter so that my results can be properly calibrated and
combined with others peoples work.

Analyzing the Lig ht Curve
Finding a match on the rotational period is also very tricky. I use
Brian Warner's Canopus software, as it is the only Windows based
software I am aware of that will do this function. The rotational period
determination is accomplished using a routine developed by Dr. Alan
Harris at JPL. This performs a Fourier Analysis on the data, allowing
different parameters such as number of harmonics, period, size of
period steps, etc. to be held constant while others are varied. Finally,
it does a least squares fit to determine the most likely period.
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Now, you must apply judgement in picking the best fit. As I previously mentioned, most
asteroids show a classic two-peaked light curve, which is symmetrical in shape. Often,
the program will try to fit a three or four peaked lightcurve, lopsided to one side. While
this is not impossible, it is highly unlikely. In an instance such as this, try an
incremental harmonic order scan to reduce the possibilities. Perhaps you just need
more data.

971 Alsatia
Alsatia was discovered November 23, 1921 by A. Achaumasee and is
approximately 32km in size. It is a main belt asteroid with a semi-major
axis of 2.64 AU, eccentricity of .16 and inclination of 13.76 degrees.
One hundred thirteen observations on April 1, 3, 4 and 5 were made of 971 Alsatia.
The derived period is 6.81 Â± .01 hours with a 0.25 amplitude. The light curve is
slightly asymmetrical with two well-defined peaks and a small blip around the 75
percent point of the curve.

691 Lehigh
Lehigh was discovered December 11, 1909 by J. H. Metcalf and is
approximately 44km in size. It is a main belt asteroid with a semi-major
axis of 3.01 AU, eccentricity of .12 and inclination of 12.99 degrees.
One hundred thirty seven observations on April 9, 11, 12 and 13 were made of 691
Lehigh. The derived period is 5.08 Â± .01 hours with a 0.02 amplitude. The light curve
is slightly asymmetrical with two very shallow peaks with one trough deeper than the
other.

891 Gunhild
Gunhild was discovered May 17, 1918 by M. F. Wolf. It is a main belt
asteroid with a semi-major axis of 2.86 AU, eccentricity of .026 and
inclination of 13.54 degrees.
One hundred ninety observations on April 26, 29, 30 and May 1 were made of 891
Gunhild. The derived period is 7.93 Â± .01 hours with a 0.17 amplitude. Observations
were obtained over approximately 75% of the light curve.

1017 Jacqueline
Jacqueline was discovered February 4, 1924 by B. Jekhousky. It is a
main belt asteroid with a semi-major axis of 2.60 AU, eccentricity
of .077 and inclination of 7.94 degrees.
One hundred fifty-eight observations on May 4, 5, 7, 9 and 10 were made of 1017
Jacqueline. The derived period is 7.87 Â± .01 hours with a 0.70 amplitude. Sessions 9
and 10 were made on the same night with the gap in the observations around 55
percent occurring while the telescope was swapping over the meridian and a new
guide star was being located. The light curve is very symmetrical with two well-defined
peaks.

An Inspirational Message from Dr. Alan Harris
Date: Sat, 26 Sep 1998 11:31:53 +0100
From: Alan W. Harris
Subject: Why do Asteroid Lightcurves?
Dear observers,
That's a very long story, and there is an extensive literature on asteroid
rotations in scientific journals. Here's a short resume of some of the
results which suggest the importance of lightcurves:
1. There is a difference in the average rotation rates between different
taxonomic classes of asteroids, from which we can infer differences in mean
density between the classes. According to this model, primitive dark (C class
and their relatives) asteroids appear slightly less dense than S class, and
M class appear to be substantially more dense (faster rotating) than either
of the others.
2. The mean rotation rate is nearly (but not quite completely) constant over
a very large range of size, which implies that gravity (rather than material
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strength) is the dominant force holding the bodies together. This isn't
surprising in the 100+ km size range, but it is stunning to discover that it
appears to be true of bodies only 1 km or so in diameter. Even such tiny
asteroids are essentially unbound "rubble piles".
3. There is a "barrier" to rotation rates faster than ~2.25
among the very small asteroids. This is exactly the rate
centrifugal force would cause a loose conglomerate of rocks to
against its own self-gravity. This lends further support to
pile" structure of even very small asteroids.

hours, even
below which
"fly apart"
the "rubble

4. But on the other hand, in June, the first well authenticated example of a
spin dramatically shorter than 2.25 hours, in this case only 12 minutes
(!!!), was discovered. This asteroid MUST be a monolithic rock, not a "rubble
pile". The object in question is only around 25 m in diameter, one of the
smallest ever observed, so we think (based on "statistics of one") that the
transition from "rubble pile" to "monolithic" must occur below 1 km, but
above 25 m. It took a long time to bag this one example, but clearly it is a
very high priority to search for more. It's a tough job, but occasional
opportunities come along that might be reachable to amateurs. Petr Pravec got
the definitive lightcurve in June, by the lucky chance of using very short
integrations, not because he suspected a short period but because the
asteroid was moving so fast in the sky. Our observers at Table mountain used
longer exposures and tracked on the asteroid, which gave nice signal -tonoise, but washed out the rapid light variations.
5. We have discovered a class of extremely slowly rotating asteroids, with
periods of many days, up to 2 months (!!!). The reason for such slow rotation
is completely unexplained, but we have excellent documentation of quite a few
of these slow
rotators, so the phenomenon is real. Among the slowest
rotators, they have not damped into a state of "principal -axis" rotation,
like planets and most asteroids, but instead "tumble" like an irregular rock
tossed into the air. The lightcurves are not simply periodic with a single
well-defined rotation period, which makes them a real
challenge for
lightcurve observations. 253 Mathilde, the asteroid NEAR flew by last year,
is one of these very slow rotators. We had hoped that the detailed images of
Mathilde would reveal a cause for the slow rotation, but they didn't. Instead
we saw giant craters, so large that the impacts that caused the craters
should have at the same time imparted more spin to the body than it has.
It's all a big mystery. Come along and help us to find
the answer by
observing some more examples.
5. In addition to these scientific investigations, lightcurve observations
have been used to determine the shapes and pole orientations of selected
objects. Each of the asteroids visited by spacecraft (including NEAR's
ultimate target, 433 Eros) were studied extensively in advance to know the
rough shape and exactly how it would be oriented and turning at the time of
encounter. (Well, for Mathilde all we could say is, "you won't see it turn
at all over the time you have to observe it.") Knowing these things in
advance is a big help to planning an imaging sequence. For example, in the
Galileo flybys of Gaspra and Ida, we know exactly how many hours to schedule
the observation sequence in order to catch one full rotation cycle.
I'm sure I could continue with a longer list, but hopefully this will
suffice to motivate a few folks to pitch in and play the game.
Best regards,
Alan Harris

Robert Stephens Biographical Information
With his dad being in the Air Force, I was raised around the world before he eventually
settled in Riverside, California in the early 1970’s. He obtained a Bachelor of Science
in Business Administration in 1978 and later received a Master of Business
Administration in 1991. He then obtained his Certified Public Accountant license in
1980 and presently co-own Fox & Stephens, CPA’s in Rancho Cucamonga, California.
Bob has had a life-long interest in astronomy but did not pursue organized activities
until he joined the Riverside Astronomical Society in 1974. Since then, he has served
the club in many capacities including President, Treasurer, Chief Observer, Grant
Coordinator, and Publicity Chairman.
Over the years, Bob has built several telescopes, taken many astrophotos, done
variable star observing, and now, as you can see, does extensive CCD imaging. He
has also developed a passion for chasing solar eclipses and have seen the ones in
Mexico (1991), Bolivia (1994), India (1995), Turkey (1999), and Africa in June 2001.
As a member of the RAS, Bob became active with the Riverside Telescope Makers
Conference (RTMC). He is a member of the RTMCâ€™s Board of Directors, the
Secretary/Treasurer and handle the registration and financial matters. He also serves
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Professional Photoelectric Photometry Association
In 1997, Bob was honored to receive the G. Bruce Blair Award from the Western
Amateur Astronomers for his years of contribution to amateur astronomy.
Robert D. Stephens
11355 Mount Johnson Court
Rancho Cucamonga, cA 91730
(909) 987-2744
rstephens@foxandstephens.com
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PHOTOELECTRIC PHOTOMETRY
OF VARIABLE STARS AT THE
BLUE MOUNTAIN OBSERVATORY
David B. Friend
Teddy R. George
University of Montana
dbfriend@selway.umt.edu
We have begun a program of observing variable stars with a photoelectric
photometer (Op-Tec SSP-5A with B and V filters) at the University of Montana's
Blue Mountain Observatory. The type of variable stars we are observing include
the classical Cepheids, with periods less than 50 days, and long
period (or Mira) variables, with periods ranging from 100 to 1000
days. We selected mainly the latter type, since their pulsation
periods are not as well determined. Our observing season runs
from June through October, so we concentrated on long period
variables in the 100 to 200 day period range. We also observed a couple of
classical Cepheid variables with much shorter pulsation periods for comparison.
We are presenting the results of our photometric measurements of 10 variable stars
which we observed from late June through late October 1998 and early July through
mid September 1999. We have B and V light curves for each star. Most of our
variable stars had very well-defined periodic variations, and we derived a pulsation
period and amplitude based on a sinusoidal fit to the data.
LOCATION AND EQUIPMENT
Blue Mountain Observatory: at 6300 feet in foothills of Bitterroot Mountains in
western Montana.
Telescope: 16 inch Boller and Chivens Cassegrain reflector (1970)
Photometer: Op-Tec SSP-5A photoelectric model
Filters: Johnson U, B, and V filters
Data handling: RPHOT data acquisition and reduction program (from Optec)
Charts and data: from AAVSO Atlas of Variable Stars, Millineum Star Atlas,
Voyager II program for Macintosh, Hipparcos and Tycho catalogs
Stars chosen from AAVSO list: "Easy to Observe Variable Stars"
RESULTS
Periods and Amplitudes from a sinusoidal fit :
CONCLUSIONS
1. We can get good light curves for Mira variables (a few of the better V light
curves are shown here).
2. Photometric precision = about 0.1 magnitude, based on check stars.
3. Most Miras have periods too long for a single observing season (June through
October), but we can get good multiple year light curves for longer period
Miras.
4. Periods for most of the stars we observed agree well with AAVSO periods.

Star

V period

B period
(days)

AAVSO
period

Amplitude Amplitude
(mags.)
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Z Lac (C)

10.9

19.1?

10.9

0.43

0.47

X Cyg (C)

16.6

16.5

16.4

0.45

0.68

R Vul (M)

118

223?

136

1.7

1.7

V Boo (M)

133

134

258

0.4

0.35

X Cam (M)

151

150

144

2.4

2.2

R Boo (M)

219

217

224

2.5

2.7

S UMa (M)

219

431?

226

~2

?

V Cas (M)

230

238

229

2.1

1.8

R Dra (M)

243

242

246

2.7

2.7

R CVn (M)

322

323

329

2.2

2.5

Dr. David Friend Biographical Information:
David Friend was born in San Diego in 1954 and attended San Diego State
University where he got a B.S. in physics in 1976. He went to graduate school at the
University of Colorado at Boulder, where he got my Ph.D. in astrophysics in 1982.
His research was on theoretical modeling of the stellar winds from hot
stars. He had a string of temporary jobs from 1982 to 1990, the first at the High
Altitude Observatory in Boulder, where he continued his research in stellar winds.
Dr. Friend then had temporary faculty positions at the University of Wisconsin,
Williams College in Massachusetts, and Weber State University in Utah, where he
taught astronomy and physics. He got a position as the only astronomy professor at
the University of Montana in 1990, and has been teaching there ever since. His
latest research has been to make photometric observations of long period variable
stars.
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