Astronomy Projects
Fall 2008
With contributions by Dr. J. Sohl, Dr. S. Larson, and Dr. D. Schroeder
The heart and soul of astronomy is observing. You must look at the sky to become familiar with the
sky. Part of your experience in this class will be book-learning, but another part will be actually
going out and looking at the sky yourself. There are a variety of activities that can be done, and
the contents of this guide are by no means an exhaustive list. Read through and find something
that is of interest to you, and then go out and see the sky!

Observing Safety
Many of the observing projects can be done from your own back yard, but sometimes it is necessary
or more convenient to find a location away from city lights. When observing at night, it is always
best to do it with a friend or in a group. (However, you should not let someone else do your
observing for you. You must make your own notes and write your own report!) If you need
help coordinating the opportunity to observe at night with a group, see your instructor. Do not
observe alone at night if you do not feel safe!

Observing Equipment
The equipment you’ll need depends on which observing project you choose, but may include several
of the following:
⊲ Eyeballs. There’s no substitute for these! Be sure to treat them well and, when necessary,
give them time to adapt to the dark.
⊲ Pen, notebook, observing records. The point in observing is to record what you see. Records
should not be kept on scraps of paper, on the backs of old phone bills, or on paper bags
from McDonalds. Keep your records organized, either in a binder or in a bound notebook.
Sketching is sometimes required; your personal preference may be to use pen, or perhaps your
artistic streak demands you use pencils. Make sure you bring extras!
⊲ Warm clothing. Even during the summer months, it can get cold out in the dark. Always take
several warm layers of clothing, a heavy jacket, and hat and gloves with you when observing.
Additionally, in the winter warm footgear will be valuable for keeping you warm.
⊲ Redlight. To see the night sky effectively, your eyes must adapt to the darkness (your pupils
dilate, and the chemicals in your eyes change their balance to seeing dim low contrast objects).
To maintain your “dark adaptation”, you should use a red flashlight to see your notebook and
find your way around your observing area. Ordinary flashlights can be made into redlights
by covering the lens with several layers of red cellophane. Red LED keychain lights are also
reasonably easy to find. There are also a variety of redlights commercially available for the
amateur astronomy community.
⊲ Angle measurers. In some instances you will need to measure precise angles for the observing
projects; each project will describe how to do this if needed. If angles are requested, but
no equipment is described, the angles can be estimated using the equipment you have with
you—your hands! Figure 1 illustrates the common angular estimates used in astronomy. Your
fist at arms length is about 10◦ across, and your spread hand held at arms length is about
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20◦ or 25◦ across. Some astronomers also use the widths of their fingers for smaller angular
measures. These rules of thumb work reasonably well for most people.
⊲ Binoculars, Telescopes, Cameras. While these expensive tools aren’t needed for most of the
projects, you can certainly use them if you wish. If you have one of these items and want to
know what you can do with it, please consult with your instructor. A 35mm SLR film camera
with a locking cable release (or built-in shutter lock) is an excellent tool for photographing
the stars. Use ISO 400 speed film or faster. Consumer-model digital cameras are generally
not suitable for nighttime astrophotography, but can be used to photograph the moon.

Figure 1: Traditional angular estimation for field observations in astronomy (with hand held at
arm’s length).

Observing Records
The most important element of recording astronomical observations is making sure all the critical
information gets written down and can easily be found at a later time when you go back to your
records for analysis.
Certain information is always needed with every observation you make. This includes:
⊲ Date & Time. Far and away, this is the most important data relating to your observations.
Make sure you indicate AM/PM, what time zone you are in, and whether daylight savings
is in effect. If you are observing at night, make sure to be aware that the date changes at
midnight!
⊲ Location. Where were you when you made the observations? On the corner of Harrison and
36th? At the Lagoon Amusement Park? On Weber State University Campus, near the Clock
Tower? Or at 45◦ 06.13′ N, 111◦ 12.92′ W? Wherever it is, it is important to know where you
were when you looked at the sky. This type of information is often critical in the analysis of
data.
⊲ Sky conditions. What were the skies like when you were looking? The most valuable information is the conditions (cloudy, hazy, clear), the light pollution (dark, nearby city, downtown
Ogden), and sometimes the “seeing” (steady skies, lots of twinkling, etc.). Light pollution is
often indicated by what can be seen (can you see all the stars in the Little Dipper? Is the
Milky Way visible? Can you see the Andromeda Galaxy with your naked eye?).
Different observing projects may require different types of record keeping. A project involving
simple star counts may require only a table of data, like that shown in Figure 2. Other projects
will require more elaborate notes and sketches.
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Figure 2: A typical data form for a non-sketching observing project.
Observing records are also somewhat like a running astronomical diary, keeping record of all
your experiences while out observing. Did you get lost on your way? Did you meet someone who
had never looked at the Moon through binoculars before, and took a peek through yours? Did the
Ogden Police stop by to ask why you were looking at the sky through a paper towel tube? Did a
herd of deer wander past the telescope and freak you out? Write these experiences down!

Reports
Reports on observing projects should be well organized and neatly typed, with the following elements in the writeup.
⊲ Observer’s Name & Project Title. I have to know who deserves credit for the fantastic
observational work I have before me. I also have to know what the project is about.
⊲ Project Description & Goals. Start with a short description of the project telling what your
goals were and what you observed.
⊲ Equipment & Observing Methods. Describe the equipment you used and your general observing procedures.
⊲ Observing Data. Include your original observing data, whether it be sketches and observing
records, or tabular data, depending on the requirements of a given project. (Data tables need
not be typed but must be neatly written.)
⊲ Analysis & Summary. Most projects will require some analysis to complete. In all cases you
should write a short summary describing your final results and what you learned from the
project (new skills, new objects discovered, etc).
⊲ Audience. Your report should be understandable by any of your classmates, who should be
able to repeat your observations and analysis without any other instructions. Do not assume
that your reader is familiar with the instructions for your project.

List of Projects
The following list of projects comes from a variety of sources. Many are traditional projects that
have been done by millions of people around the world, and others have been developed more
recently. For this course you must choose two different projects from the list. Detailed instructions
can be downloaded separately from the course web site.
Note several of these projects must be done over long periods of time, so start early! Also note
that several of the projects can be done only at particular times (i.e. on only one or two nights per
year); in these cases, make sure you have a back-up project in case local weather interferes with
your astronomical discovery!
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1. Sun journal. Observe the position of the rising or setting sun every week or so over a period
of a few months. For this project you need to be at the same location for each observation.
You’ll need to make about one observation each week, being somewhat flexible about the
exact day to allow for cloudy days. This is a long-term project so be sure to start early!
2. Moon journal. Observe the phase of the moon as many days as possible over the course of
a month. For this project your observations can be made at any time of the day when the
moon and the sun are both visible, and from any location. You can start at any time but you
must make at least a dozen observations, spread over an entire month.
3. Measure the size of the earth. Build a simple device to measure angles accurately, and
use it to measure the position of the north star from two locations. This is a great project if
you’re planning a trip of at least 150 miles north or south. The observations require only a
few minutes each from two locations, but the night sky must be clear.
4. Measure the diameter of the sun. Construct a simple pinhole projection device and use
it to determine the sun’s diameter. This project can be done on any sunny day.
5. Count the stars. Aim a cardboard tube at the sky and count how many stars you see
through it, from three different locations. This project requires a couple hours of observing
on a single clear night with not too much moonlight. You’ll need to drive to different locations.
6. Big Dipper I. Observe and sketch the motion of the Big Dipper during the course of a night.
This project takes one long night (keep warm!), and requires a clear view of the northern sky.
It’s best to make all observations from the same location.
7. Big Dipper II. Observe and sketch the Big Dipper at the same time of night over the course
of 2–3 months. This project requires only a few minutes at a time, but you must make your
observations at the same time of night, once every week or two, over a period of two months
or more. Start early! It’s best to make all observations from the same location.
More project options may be posted as the semester goes on. In all cases, be sure to download
and read the detailed instructions for your project from the course web site.
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1. Motion of Mars. Observe the position of Mars in relation to nearby stars over the course
of 2–3 months. This project requires only a few minutes at a time, and you can make your
observations at almost any time of night when the sky is clear, from any location. You’ll
make an observation every week or two over a period of two months or more.
2. Plot the moon’s orbit. This project requires observing the moon at night over the course
of about a month. You can make your observations at any time of night, from any location,
every night there is a clear sky. Each observation will take only a few minutes.
3. Track artificial satellites. Look up the expected times when one or more artificial satellites
will be visible, then observe them on at least three different nights. Almost any clear nights
will due, and you will make your observations about an hour or two after sunset.
4. Observe a variable star. Carefully note the brightness of a variable star in comparison to
nearby stars on several different nights. This project requires several nights of clear sky over
the course of a week or two, with each observation taking only a few minutes.
5. Photograph star trails. Take several long-exposure photographs to measure the rate at
which the stars appear to move through the sky. This project requires a suitable camera and
a tripod or other sturdy mount.
6. Binocular observation of the deep sky. Use binoculars to hunt for several star clusters
and galaxies. This project requires at least a couple of hours on a clear, moonless night from
a dark location. You’ll also need a decent pair of binoculars (or a small telescope).
7. Binocular or telescopic observation of the moon. Observe and sketch the moon at
several different phases. For this project you need to make brief observations on several clear
nights.
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0.1

Sun Journal (traditional)

The best way to learn astronomy is to begin with observations. In this project, you will observe
the position of the rising or setting Sun repeatedly over the course of many weeks.
For this project you will need:
• A simple sketch or a large (8x10) photograph of the horizon from your observing location.
The sketch or photograph should be centered on due east if you are observing the rising Sun,
or centered on due west if you are observing the setting Sun.
• A magnetic compass.
• A watch to record the time of your observations.
To conduct this observing project, follow this procedure:
⊲ You must observe the Sun from the same location each time.
⊲ Choose to observe either the rising Sun or the setting Sun for this project.
⊲ Every three or four days, observe the location of the Sun when it is on the horizon. On your
horizon sketch or photograph, mark the Sun’s location, and record the time, date, and how
many degrees from North the Sun is (use your compass).
⊲ If weather interferes with your observations on any given day, do the observation on the next
possible clear day.
⊲ Your observations must span at least 2 months, and must have a minimum of 12 observations
of the Sun (about 2 observations per week, barring interference from weather).
To complete the project, include the following in your analysis:
⊲ A graph plotting the degrees from North of your observations on the vertical axis, and the day
of the observing project on the horizontal axis. Mark each of your data points, and smoothly
connect the points with a continuous line. You may do the graph in a graphing program if
you like (e.g. Excel).
⊲ From your graph, predict the horizon position of the Sun on commencement day.
⊲ Is the Sun’s position on the horizon changing by a constant amount each day? Is the time of
the sunset changing by a constant amount each day? Why is it important that the observations be made from the same location each time?
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0.2

Moon Journal (traditional)

The best way to learn astronomy is to begin with observations. In this project, you will observe
the position of the Moon repeatedly over the course of many weeks. The goal is to understand
the changing appearance of the Moon, and to understand the phases and when each phase can be
observed.
To conduct this observing project, follow this procedure:
⊲ Find or construct a calendar on which you can record your observations (see Figure 3 for an
example).
⊲ Any time you are outside, look for the Moon (don’t forget that you can see the Moon during
the day and at night!).
⊲ When you see the Moon, record the following on your calendar: [1] The shape of the illuminated portion (sketch) [2] The compass direction you face to see the Moon and its altitude
above the horizon (use your hand estimates) [3] The angular distance between the Moon and
Sun, if the Sun is up (use your hand estimates).
⊲ Try to observe the Moon each day. On days when you never see the Moon, indicate the times
you tried. Also note days when weather interferes with your experiment.
⊲ Your observations must span at least 2 months.
To complete the project, include the following in your analysis:
⊲ Is it important that your observations be made from the same location each time? Explain.
⊲ Do your data show any periodicity? If so, what is the length of the period?
⊲ Use the observed changes and periods of the Moon’s behaviour to compress all your observations into a single month. Record this compressed pattern onto a new, clean calendar
page.
⊲ What relationship exists between the observed shape of the illuminated Moon and the angle
between the Moon and Sun?
⊲ When the right hand half of the Moon is fully illuminated, we say it is a first quarter Moon.
Why?

Figure 3: A typical data record from the Moon Journal observing project.
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0.3

Phases of the Moon

Adapted from “Observing Projects for Elementary Astronomy”, Weber State University, John Sohl
Ed.
This observing project focuses on the day to day evolution of the Moon’s phase. It will explore
the evolution of the Moon’s phase, and how the Moon’s position in the sky changes as the phase
changes.
To conduct this observing project, follow this procedure:
⊲ Take a horizontal sheet of paper and make a full page drawing of the horizon from east (left)
through the south (center) to the west (right). Make the horizon sketch near the bottom of
the page and small enough that you have plenty of room above it to mark the position of the
Moon. You will need enough details to be able to accurately locate the Moon on this sketch
later.
⊲ For at least 14 days, starting from the date of the new Moon, observe the Moon at exactly the
same time each day. Carefully sketch the position of the Moon for each observation on your
horizon sketch. The time you choose should be between sunset and 30 minutes after sunset,
but use the exact same time each night. If there are a few cloudy days here and there don’t
worry, just make a note that it was cloudy.
⊲ For this project to work you must have at least 7 or 8 clear nights during the two weeks. Your
sketch must show not only the accurate position of the Moon but also the shape, orientation
and size.
⊲ On your sketch, record the date and time of each observation. Record the compass direction to
the Moon, and the approximate altitude in degrees above the horizon. Approximate angular
measures (using your hands) should be sufficient.
To complete the project, include the following in your analysis:
⊲ Write a general summary of your results which explains the changing appearance of the Moon
over time.
⊲ What was the general pattern of the motion and the phases? How far (in degrees) did the
Moon move each day? Which direction do the “horns” of the Moon’s crescent point relative
to the position of the Sun just below the horizon? Is it ever possible to see the Moon during
the day?
⊲ This project count as two observing projects if it is also completed for the 14 days starting
with the full Moon. In this case, make your observations at a fixed time that is about 30
minutes or less before sunrise. You will need to use a fresh sketch of the horizon for this
second observing project.
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0.4

Measuring the Diameter of the Sun

Adapted from “Observing Projects for Elementary Astronomy”, Weber State University, John Sohl
Ed.
A vast amount of our knowledge of the Cosmos is inferred by making one observation, and
using it to determine the value of some other physical quantity of interest. In this experiment, you
will use the known value of the distance to the Sun to make an estimate of the diameter of the Sun
from observations you can make on your own. The key to getting good results is making careful
observations.
WARNING: At no point in this project do you need to look directly at the Sun.
Directly looking at the Sun can cause serious and permanent damage to your eyes.
To conduct this observing project, follow this procedure:
⊲ Construct a solar pinhole projector like the one shown in Figure 4. You will need some heavy
cardboard or cardstock, some aluminum foil, and a large sheet of white paper or posterboard
for projecting on to. The larger the piece holding the pinholed aluminum foil the better; it
will cast a larger shadow on your drawing surface, making it easier to sketch the Sun.
⊲ You may try several different pinhole sizes. Small holes work for short projections (a meter
or so), while larger pinholes work for larger projections (images have been projected over 20
meters!). In general, smaller pinholes are better. Start small; you can always make a small
pinhole bigger!
⊲ Make your observations on a clear day when the Sun is high in the sky. Rigidly support
the pinhole on a ladder, chair back, camera tripod or post (for example). The observations
will work best if the screens are all perpendicular to the direction to the Sun (especially the
drawing screen).
⊲ Use the pinhole to cast an image of the Sun on your screen. Measure the diameter of the
image and the distance from the pinhole to the image. The measurements will be most
accurate if the drawing screen is at least a meter away from the pinhole. Collect at least 3 to
5 measurements minimum at different distances.
⊲ One way to make accurate measurements is to draw precise circles of different sizes on your
drawing screen, then adjust the distance to the pinhole so the Sun’s image exactly fills each
circle. This reduces your field measurements to only the distance between the screens.
To complete the project, include the following in your analysis:
⊲ The estimate of the solar diameter is based on the idea of similar triangles; in this case the
two triangles are the one formed by the solar image with the pinhole, and the one formed
by the Sun and the pinhole. The analysis of these similar triangles says that the ratio of the
distance and diameters are:
Diameterimage
Diametersun
=
Distancesun
Distanceimage

=⇒

Diametersun =



Diameterimage
Distanceimage



Distancesun

⊲ Look up the known distance to the Sun, and use the above formula to calculate the diameter
of the Sun for each of your measurements. Be careful to use the same units in all cases. I
recommend you work in meters.
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Figure 4: A pinhole setup used to project an image of the Sun.
⊲ Average your results and compare them to the known diameter of the Sun. Determine
your percent error from the accepted value. Use scientific notation (powers of ten) for large
numbers.
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0.5

Measuring the Size of the Earth

Adapted from “Observing Projects for Elementary Astronomy”, Weber State University, John Sohl
Ed.
It is possible to measure the size of the Earth using simple tools at your disposal: straws,
brains, and feet. The activity described here is similar to one conducted by Eratosthenes, a Greek
mathematician and astronomer in the third century BC. Eratosthenes method involved observations
of the Sun on a specific day (the summer solstice); we will use the fixed position of the star Polaris.
This activity can be done only if you are going to be traveling 150 miles or more due north or
south this semester (the farther the better).
To conduct this observing project, follow this procedure:
⊲ Construct your basement equivalent of an astrolabe as shown in Figure 5. You’ll need a sheet
of heavy cardboard or posterboard, no smaller than a sheet of paper, a drinking straw, string,
a heavy washer or nut, and some tape.
⊲ Tie one end of your string about 2/3 of the distance down the straw. Tape the straw firmly
to the top edge of the cardboard, allowing the string to hang down on one side. Tie the heavy
weight to the free end of the string, so the string hangs vertically when the cardboard is held
vertically with the straw on top.

Figure 5: A cousin to the astrolabe you can build in your kitchen.
⊲ You will be observing the star Polaris (the North Star) from your two different locations. The
two observations should be done at about the same time of night, and within a week or two
of each other (Polaris does in fact move a small amount; keeping the observations similar will
reduce error from the motion of Polaris).
⊲ To make your observations, on a clear night hold the cardboard vertically, and sight Polaris
through the straw. Once you are certain you are looking at Polaris, mark the position of the
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string without moving the cardboard; you can either clamp down on the string so you can
mark it yourself, or get a trustworthy assistant to help you mark it. Label the line with your
location, and the time and date of your observation.
⊲ Repeat this observation at both the northern and southern locations. When complete, you
should have two straight lines that cross each other where the string is tied to the straw.
Your scientific data is the angle between these two lines!
⊲ Your measurements can give surprisingly good results if care is taking in the sighting and
marking. Depending on how far north or south you travel, the difference in angles will be
very small; even small errors will lead to major difference between your value and the true
value of the size of the Earth. Don’t fret over this too much; just be aware that great care is
needed for accurate measurements.
To complete the project, include the following in your analysis:
⊲ Using a map, measure the north-south distance between your two observing locations. This
will be less than your actual travel distance, unless you traveled exactly straight north or
south, which is highly unlikely since roads weave about.
⊲ Using a protractor, measure the angle between the two vertical lines on your device. The
lines cross because the direction of “vertical”, measured relative to the stars, has changed as
you moved around Earth’s surface. The angle between the lines is the number of degrees of
latitude that you have moved.
⊲ To figure the circumference of the Earth, divide the angle between your lines by 360◦ . This
is the fraction of the distance you travelled around the circumference of the Earth. Divide
the north-south distance you traveled by this number; the result should be close to the
circumference of the Earth.
⊲ Look up the circumference of the Earth. Note it might be easier to find the radius or diameter.
You should be able to compute the circumference from either of these numbers. Compute the
percent difference between your number and the true number. How well does your answer
agree? How could you make your answer agree better?
⊲ Make sure you turn in your measuring device, along with the notes and lines you drew on it.
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0.6

Counting the Stars

Adapted from “Observing Projects for Elementary Astronomy”, Weber State University, John Sohl
Ed.
We have become acutely aware of preserving natural resources in the last century, and efforts
abound to preserve many aspects of the natural world around us. One aspect that is often overlooked, however, are our night skies. Urbanization and the continual lighting of our cities at night
threatens our views of the Universe. People who live, work and grow up in urban areas of the world
can’t even see constellations, let alone fainter wonders of the night sky, like the Milky Way. In this
project, you will explore the impact of light pollution in our local area by counting the numbers of
stars you can see in the night sky.
To conduct this observing project, follow this procedure:
⊲ Your primary scientific instrument for this project will be a small cardboard tube. The center
tube of a roll of toilet paper, a paper towel tube, or a short section of model rocket tubing
should work well.
⊲ On a clear, dark, moonless night, hold the tube up to your eye. Count and record the number
of stars that you can see through the tube. Hold the tube steady, with your eye at the center
of the tubes opening, during each star count.
⊲ IMPORTANT: Make sure you allow time for your eyes to adapt to the darkness. This is
especially important for the darker observing sites. Allow a minimum of 15 to 20 minutes at
the darker sites for your eyes to adjust before you make any measurements.
⊲ Repeat the tube count eight times, each time looking in a different direction in the sky. Make
sure your eight directions sample all directions of the sky equally; don’t do all eight facing
south (for example)!
⊲ Repeat this procedure for three different locations: once in the city, once in a rural location
away from city lights, and once in a location of your choosing. Make sure you record the
location, date, and time of your observations!
⊲ An example of what your data table might look like is shown in Figure 6.

Figure 6: A typical data form for star counting project.
To complete the project, complete the following analysis of your data:
⊲ Add your eight star counts and record the total number of stars in your sample for each of
the three locations.
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⊲ You are viewing the night sky through the small portal of your tube, which covers only a
fraction of the sky. To estimate the total number of stars visible in they sky, we will multiply
the total number of stars from our eight sightings by a factor which relates the size of our
viewing tube to the size of the entire sky. Measure the length L and the diameter D. The
total stars visible in the sky at a location is expressed as:

Nvisible =



L
D

2

× (sum of 8 observations)

⊲ In which location can you see the most stars? Explain (in some detail) why. Why are
astronomers concerned about the effect of light pollution from cities near their telescopes?
How big of a problem is light pollution, and what could be done to alleviate the problem?
(These answers are a major part of the report!)

A great deal of useful information about light pollution may be found at the website for the
International Dark Skies Association (IDA).
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0.7

Observing Ursa Major I

Adapted from “Observing Projects for Elementary Astronomy”, Weber State University, John Sohl
Ed.
To conduct this observing project, follow this procedure:
⊲ You will make several observations of Ursa Major (the Big Dipper) and Polaris (the North
Star) about once per week for two months. Pick a time well after sunset to make your
observations; you will make the observations at the same time each time you go out. Make
sure that the time you pick will always be after sunset (particularly in the spring, when the
days are getting longer).
⊲ Your observing location should have a good clear view of the northern horizon, without any
tall obstacles in the way (trees, buildings, etc.). You will make all your observations from the
same location.
⊲ Figure 7 should be used to record your data for this project. Each time you go out to observe
Ursa Major, carefully plot the position of the seven stars that make up the Big Dipper. Also
note the position of Polaris, and record the date and time of your observations.
⊲ Repeat the observation/sketch procedure every 7-10 days for two months. Don’t worry about
the occasional cloudy night; get the observations at the first clear opportunity.
⊲ Note that over the course of your observations, the stars should not change their distance
away from one another or away from Polaris. Rather, they should seem to rotate around
together in a circle.
To complete the project, complete the following analysis of your data:
⊲ Using your sketch log, measure the total number of degrees that Ursa Major has rotated
around Polaris.
⊲ Divide 360◦ by the number of degrees that the Big Dipper rotated during your observations.
Multiply the result by the number of days between your first and last observations.
⊲ If you have been careful, your answer should be close to the number of days in a year. Is your
result close? If not, why not?
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Figure 7: Polar plot for ∼ 41◦ N, used for Ursa Major projects. Polaris is at the center.

0.8

Observing Ursa Major II

Adapted from “Observing Projects for Elementary Astronomy”, Weber State University, John Sohl
Ed.
To conduct this observing project, follow this procedure:
⊲ You will make several observations of Ursa Major (the Big Dipper) and Polaris (the North
Star) over the course of one long night. Pick a starting time well after sunset when Ursa
Major is clearly visible. Try a pay attention to the weather, and do the project on a night
with no clouds in the forecast.
⊲ Your observing location should have a good clear view of the northern horizon, without any
tall obstacles in the way (trees, buildings, etc.). You will make all your observations from the
same location.
⊲ Figure 7 should be used to record your data for this project. Each time you observe Ursa
Major, carefully plot the position of the seven stars that make up the Big Dipper. Also note
the position of Polaris, and record the date and time of your observations.
⊲ Repeat the observation/sketch procedure every 2 hours all night long, until just before sunrise.
⊲ Note that over the course of your observations, the stars should not change their distance
away from one another or away from Polaris. Rather, they should seem to rotate around
together in a circle.
To complete the project, complete the following analysis of your data:
⊲ Using your sketch log, measure the total number of degrees that Ursa Major has rotated
around Polaris.
⊲ Divide the number of degrees that the Big Dipper rotated during your observations by the
total time in hours you were observing. This is the average number of degrees of motion per
hour. If you’ve been careful, it should be close to 15◦ per hour.
⊲ Multiply your result by 24 hours to predict the angle that Ursa Major rotates through in one
day.
⊲ It is highly unlikely that a single nights measurements will be accurate enough to get exactly
the correct answer. The correct answer is ∼ 359◦ not 360◦ . Discuss why the correct answer
is ∼ 359◦ . Hint: think about all of Earth’s motions.
⊲ Discuss your results and why you think they might be off from the expected results.

17

0.9

Constellation Observing

Adapted from the Astronomical League’s Constellation Hunter Club.
To conduct this observing project, follow this procedure:
⊲ This is a naked eye observing project. It will likely take you 15-30 minutes to complete for
each constellation, so make sure you have a comfortable observing spot with a clear view of
the sky. It might be convenient to have a clipboard to hold your sketch records, and a lawn
chair to sit in while you work.
⊲ Locate and identify a constellation of interest. Make sketches of all the stars visible (bright
and dim!) in a constellation, out to its boundaries. Note that the familiar asterisms (star
patterns) for many constellation is not the entire constellation! A classic example of this is
Ursa Major – it is much larger than just the Big Dipper! The sky charts in the back of your
text should help you know approximately how large each constellation really is.
⊲ On your sketch, label the brightest stars, with proper names if they have them. Also note
any other objects you can see with your naked eye at the time of your observations (planets,
galaxies or star clusters, etc.).
⊲ Record the following information with your sketch: date, time, location you observed from,
and the altitude and approximate compass direction you face to see the constellation.
⊲ Repeat this procedure for 6 different constellations.
A checklist of northern hemisphere constellations is included below. If you are going to be
visiting the Southern Hemisphere during the semester, and would like to do this project with
Southern Hemisphere constellations, see your instructor of a similar list.







Andromeda
Aquarius
Aquila
Aries
Auriga







Corona Borealis
Cygnus
Delphinus
Draco
Equleus







Orion
Pegasus
Perseus
Pisces
Sagitta







Böotes
Camelopardalis
Cancer
Canes Venatici
Canis Minor







Gemini
Hercules
Lacerta
Leo
Leo Minor







Serpens Caput
Serpens Cauda
Sextans
Taurus
Triangulum

 Cassiopeia
 Cepheus
 Coma Berenices

 Lynx
 Lyra
 Monoceros

 Ursa Major
 Ursa Minor
 Vulpecula
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0.10

Lunar Observing (traditional)

Most of us have seen the Moon in the sky, but surprisingly few of us have ever looked at the Moon
through binoculars or a small telescope. In this activity, you will observe and sketch the Moon
when viewed both with the naked eye, and through binoculars or a small telescope.
SKETCHING: You do not have to be a fabulous artist to create adequate lunar sketches. Irrespective of the artistic rendition, it is important to spend plenty of time making your sketch
to insure you have recorded all the important details, and that all aspects of your sketch are in
appropriate proportion to one another. Examples of typical lunar sketches are shown in Figure 8.

Figure 8: Typical lunar sketches illustrating the level of detail that might be expected for naked
eye observations, binocular or spotting scope observations, and telescopic observations. The center
sketch is an actual lunar sketch that Galileo did through his small telescope, the performance of
which is typical of today’s binoculars or spotting scopes.

If you are observing through binoculars or a small spotting scope, complete the following procedure:
⊲ You will observe and sketch the Moon on three occasions, separated by enough time that
your sketches are at significantly different phases.
⊲ Make a simple sketch of what you can see with your naked eye, being sure to sketch the
smallest details you can see.
⊲ Make a larger sketch of what you can see through binoculars or a small spotting scope.
⊲ Using a lunar map, indicate identifiable features in your binocular sketch.
If you are observing through binoculars or a small spotting scope, complete the following procedure:
⊲ Make a simple sketch of what you can see with your naked eye, being sure to sketch the
smallest details you can see.
⊲ Pick an interesting location on the Moon for sketching. The terminator between the illuminated and dark portions is usually a good target, as is the lunar limb. Make a large sketch
of what you can see through a telescope. The level of detail can be quite large, so you may
restrict your attention to a small area you can see in the telescope, such as a large crater
and its environs or a portion of a lunar mountain range. See the last panel in Figure 8 for a
typical example.
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⊲ Using a lunar map, indicate identifiable features in your telescopic sketch.
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0.11

Observing the Deep Sky with the Naked Eye (traditional)

It is not true that you need to have access to a telescope to enjoy seeing the distant reaches of the
Cosmos! There are many deep sky objects which can be observed with the naked eye, though the
urbanization of our civilization and the growth of city lighting has made this impossible in many
places.
To conduct this observing project, follow this procedure:
⊲ Locate a place away from the glare of bright lights where you have a clear view of the sky.
This observing project is best done on nights when the Moon is not up in the sky, and the
skies are clear and haze free.
⊲ Wait at least 15 or 20 minutes for your eyes to adapt to the darkness. Seeing deep sky objects
can be hard, and you want your eyes to be as dark adapted as possible. You may want to
have a comfortable chair to observe in, to prevent fatigue from leaning over backward and
craning your neck skyward!
⊲ A list of common objects visible to the naked eye is given below. For 3 of these objects, locate
them in the night sky.
⊲ In your observing records, indicate the following: date, time and locations of your observations, the compass direction you have to face and the approximate altitude of the deep sky
object, and your impressions (in words) of its appearance. How bright does it look compared
to stars around it? Is it fuzzy or sharp? Is it round or elongated, or pointlike?
⊲ Make a small sketch showing the stars or constellation around the object, and indicate its
location and approximate size. If it is helpful, sketch in the constellation lines between bright
stars to make it more obvious where to look for the deep sky object.
⊲ The list given here is of objects that should be “easy” to spot. It is not exhaustive! You
may see other objects when you are out. If you do, note them down, and identify them later
using a star atlas. These “discovery” observations are legitimate submissions for this project.
Sometimes fortuitous astronomical events will occur (e.g. apparitions of a bright comet or
aurora borealis), and recorded observations of these events will also be counted.

Object

Constellation

Type

Notes

M6
M7
M8
M11
M13
M31
M42
M44
M45
NGC 869/884

Scorpius
Scorpius
Sagittarius
Scutum
Hercules
Andromeda
Orion
Cancer
Taurus
Perseus

Open Cluster
Open Cluster
Nebula
Open Cluster
Globular Clstr
Galaxy
Nebula
Open Cluster
Open Cluster
Open Clusters

Near M7
Near M6
The Lagoon Nebula
Wild Duck Cluster
Finest in Northern Hemisphere
Andromeda Galaxy
Orion Nebula
The Beehive Cluster
The Seven Sisters
The Double Cluster
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0.12

Binocular Observing

Adapted from the Astronomical League’s Deep Sky Binocular Club.

It is a great misconception that a telescope is needed to enjoy the night sky! Simple birding
binoculars, such as the typical 7 × 35 pair you have under the seat of your car, are ideal for
becoming friends with astronomical observing! Dig them out, dust them off, and go out and have
a look!
To conduct this observing project, follow this procedure:

⊲ You will make sketches of all your observations. Make your sketches on copies of the standard
observation records, like that shown in Figure ??. PDF copies of this are available with this
guide.

⊲ This project does not have to be completed in a single night, though you might see several
objects!

⊲ Using binoculars, find 4 different deep sky objects. Spend some time studying the appearance
of the object, then sketch it on a record sheet. Make sure to fill out the object information,
including name of the object, date and time, where you are observing from, and the kind of
binoculars you are using. In the notes section, record information about how you found the
object, and impressions you have of it.

⊲ A list of good binocular targets is given below, but it is not exhaustive. You can observe
these, or any other deep sky objects you can find. To help you track down these objects in
the sky, you can locate these objects, as well as many other possible targets, in the star atlas
in the back of your book.
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Object

Constellation

Type

Notes

Planets
Mizar/Alcor

—
Ursa Major

Planet
Double star

Cr399
Kemble’s Cascade
M6
M7
M8
M11
M13
M15
M27
M31
M33
M42
M44
M45
M81/82
NGC 457
NGC 869/884

Vulpecula
Open Cluster
Camelopardalis Open Cluster

Look at planets that happen to be up!
There are 3 stars, though maybe not
in binoculars!
The Coathanger Cluster
A 3◦ chain of stars near NGC 1502

Scorpius
Scorpius
Sagittarius
Scutum
Hercules
Pegasus
Vulpecula
Andromeda
Triangulum
Orion
Cancer
Taurus
Ursa Major
Cassiopeia
Perseus

Near M7
Near M6
The Lagoon Nebula
Wild Duck Cluster
Finest in Northern Hemisphere
Off nose of Pegasus
Dumbell Nebula
Andromeda Galaxy
Triangulum Galaxy
Orion Nebula
The Beehive Cluster
The Seven Sisters
Right next to each other
The ET Cluster
The Double Cluster

Open Cluster
Open Cluster
Nebula
Open Cluster
Globular Clstr
Globular Clstr
Planetary Neb.
Galaxy
Galaxy
Nebula
Open Cluster
Open Cluster
Galaxies
Open Cluster
Open Clusters
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0.13

Telescopic Observing (traditional)

Let’s face it. When most of us think about looking at the night sky, we think about using telescopes!
And with good reason – telescopes bring the wonder of the distant Cosmos near, making galaxies
and nebulae and star clusters intimate personal friends. There is nothing quite like that first time
you put your eye up to a telescope, only to find that Saturn really does look like NASA says it
does, or you see that Albireo is not just a stupid star but a brilliant blue star next to a warm yellow
companion. Telescopes make the Universe real and alive.
In this project, you will observe the Universe through a telescope, and record your observations.
There are two possible ways to do this:
⊲ Someone else is doing the finding with the telescope, and you are just looking. This is common
at public star parties, such as those hosted after planetarium shows. If this is the way you
are seeing the Universe, you must record observations of 5 different objects.
⊲ You may have access to a telescope, or an old telescope gathering dust in your closet that
you’d really like to know how to use. If you are using the telescope, and doing the finding
yourself, you need to record observations of at least 3 different objects.
To conduct this observing project, follow this procedure:
⊲ You will make sketches of all your observations. Make your sketches on copies of the standard
observation records, like that shown in Figure ??. PDF copies of this are available with this
guide.
⊲ This project does not have to be completed in a single night, though you might see several
objects!
⊲ When looking through the telescope, spend some time studying the appearance of the object,
then sketch it on a record sheet. Make sure to fill out the object information, including name
of the object, date and time, where you are observing from, and the kind of telescope and
eyepiece you are using. In the notes section, record information about how you found the
object, and impressions you have of it.
⊲ No list of objects is included here, though any of the objects on the binocular target list
should be easy to find with a telescope. Good targets are objects which appear in the Messier
Catalogue, a variety of double stars, and the planets. If you want suggestions of things to
look for, see your instructor.
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1

About the Desktop Astronomy Projects

1.1

Introduction

Sometimes the Universe just doesn’t cooperate. Perhaps it has been cloudy for five weeks solid, or
we got 2 feet of snow in April, or maybe you broke your leg and can’t go running about in the dark
on crutches. Or maybe you just like doing things with pen and paper as opposed to looking at the
sky directly. Whatever the reason, here are a series of activities that can be done without going
out under the night sky.

1.2

Project Writeups

Writeups of the desktop astronomy projects should be turned in on clean bound paper (nothing
ripped out of a spiral notebook!), and organized with the following elements in the writeup.
⊲ Presentation. The report should be typewritten (with the exception of your field data and
observing records) and should be 1-2 pages long. The content of the report descriptions
should include everything that is asked for in the project outline.
⊲ Observer’s Name & Project Title. I have to know who to give a grade to for the fantastic bit
of astronomical work I have before me. I also have to know what the project is about.
⊲ Project Description & Goals. Short description of the project telling what is to be done and
the goals of the project (e.g. “Make a Hertzsprung-Russell diagram to determine the distance
to a star cluster.”).
⊲ Procedure & Calculational Methods. Anytime you manipulate information and do a requested
calculation, you should clearly describe and illustrate the process used for the calculation.
⊲ Numerical Data & Plots. Several of the projects ask you to generate and plot data. You
should include both with your project writeup.
⊲ Analysis & Summary. Some projects will require a short bit of analysis to complete. In all
cases a short summary should be written describing your final results.

2

Desktop Astronomy Projects List

The following list of projects represent a variety of different astronomical activities. Many have been
culled from a variety of other resources (indicated when known), or are adapted from traditional
astronomical labs done by students of astronomy. You are free to do any of the projects listed. The
projects are divided into two groups: the first group requires two projects to be completed if you
are replacing a single observational project. The second group are somewhat harder, and a single
project will replace a single observing project.
Note many of these projects can be done in a single day, but can take several hours to complete!
Leave yourself plenty of time to work on them.
Project
Planetarium Visit
Public Astronomy Lecture
Distance to Dark Nebulae
Mass Distribution in Galaxies
Hertzsprung-Russell Diagram

Notes
Requires
Requires
Requires
Requires
Requires

summary report.
summary report.
some math.
some math.
some math.
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2.1

Planetarium Visit

NOTE: This activity may only be completed once for credit toward your required projects.
Visit a planetarium (such as Weber State’s own Ott Planetarium, or the Clark Planetarium in
Salt Lake City) for a regular planetarium show. The show you attend should be of an astronomical
variety (i.e., the topic should be one related to astronomy). Credit will not be given for going to
see entertainment shows, such as Laser Pink Floyd. You may also attend “Sky Tonight” shows,
which most planetaria regularly run to help you learn the night sky.
After your visit, write a one page type-written summary of your experience. Explain the show
you saw and describe what you learned. If you attended a “Sky Tonight” show, mention new things
you might look for in the night sky, or new star hops you might have learned to help you navigate
the sky. Staple your show ticket stub to your write up when you hand it in.

2.2

Public Astronomy Lecture

NOTE: This activity may only be completed once for credit toward your required projects.
Often astronomy clubs or universities will host public lectures about topics in astronomy, ranging from the nature of black holes, to the exploration of Mars, to the nature of dark matter. Often
these events will feature notable astronomers who are nationally famous.
If you attend a lecture of this type, after the lecture write a one page type-written summary
of your experience. Explain the basic premise of the lecture, and describe new things you have
learned. Make sure to note the date, time and location of the lecture you attended.
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2.3

Distance to Dark Nebulae

Probably among the most spectacular cosmic displays in the night sky are the nebulae (Latin for
“clouds”), vast clouds of interstellar gas and dust, often illuminated by the surrounding stars until
they glow in brilliant colors (at least to rich astronomers with BIG telescopes and nice filters for
us and our telescopes they are usually “fuzzy object in the middle of the eyepiece”).
A very important class of these objects are called the dark nebulae. They are composed of
relatively dense clouds of tiny solid grains of interstellar dust, and are responsible for blocking out
large areas of background stars in the night sky. The most familiar example of dark nebulae are
the vast clouds of dust in the plane of the galaxy, which block the view of the central regions of
the galactic disk from Earth, giving the Milky Way the look of a great backbone in the night sky.
Another famous dark nebula is the Horsehead Nebula, near ζ-Orionis (one of the Belt Stars in
Orion, also known as Alnitak ), which will be the focus of this exercise.
The important task of determining distances to stars, galaxies, or other astronomical objects
is a long-standing problem in astronomy, and has generally proven to be difficult. Distances to
the nearest stars can be measured by trigonometric methods (this is called parallax - see the How
Big and How Far activity), but specialized methods are developed for more distant objects. Of
particular interest is determining the distances to dark molecular clouds, which are often near active
star forming regions. Max Wolf (1863-1932) developed a specialized method, called (what else) The
Wolf Method for determining the distance to these dark nebulae.
At low galactic latitudes (i.e. near the central disk of the Milky Way) star densities are generally
high, but certain regions of the Galaxy are easily observed to be deficient in stars. It was originally
thought that these regions were voids in the galaxy, but astronomers soon recognized that these are
opaque regions that obscure the light of distant stars. The realization was based on two fundamental
arguments: (1) star free regions cannot persist for long in the rotating galaxy, and (2) extragalactic
objects were not seen in the “void” regions, so they must be obscured.
In the Wolf Method, the total population of stars up to a given magnitude is plotted for a dark
region and a nearby “normal” region. With the simplifying assumption that all the observed stars
have the same luminosity (i.e. each star is assumed to have the average luminosity of the visible
stars in a small region of the sky) the integrated star counts enable us to make an estimate of the
distance to the dark nebula.
The case of the Horsehead Nebula, near ζ-Orionis, is a very nice system to work with. As
can be seen in Figure 9 there is a distinct normal region (the top half of the photograph, above
the horse’s head) adjacent to the dark region (the dark cloud covers the entire lower half of the
photograph, obscuring background objects in this region of the sky). This type of situation greatly
improves the applicability of the Wolf Method.
[1] In photography, point sources of light increase in diameter for brighter objects, and for longer
exposure times. Hence, we can use the diameter of the stars in the photograph as a measure of
their brightness (or, more correctly, their magnitude). On the photograph, locate the five brightest
stars (generally in the top half of the photograph; for the moment ignore the bright star to the
left of the horse’s nose), and measure their diameter to the nearest 0.1mm. The average of these
measurements will be the assumed diameter of a sixth magnitude star, denoted d6 .
[2] Magnitudes are based on a logarithmic scale, so the exact relation between magnitudes can
be established. Here it has been translated into a relationship between the measured diameters of
the stars. Calculate the average diameter of stars that are dimmer than 6th magnitude, down to
11th magnitude, according to the formulae:
d7 = 0.63 · d6
d8 = 0.63 · d7
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Figure 9: The Horsehead Nebula, located near ζ-Orionis in the belt of Orion. Obscuration by the dark nebula occurs not only behind the
horse’s head, but across the entire region below the bright tenuous line of gas that spans the photograph. The bright nebula in the lower
left of the image is NGC 2024.

..
.
dm = 0.63 · dm−1
[3] For data analysis (in many sciences – not just astronomy) it is convenient to divide our
data up into “bins” of common data points. For this exercise, “bins” will be the number of stars
that are greater than a certain diameter. The cutoff for each bin will be called the Lower Limit
Diameters (δm ). Calculate the Lower Limit Diameters for stars of magnitude m ± 0.5 according to
the formula:
δm = (dm + dm+1 )/2
[4] Now start filling data bins. In the region of high star density, count the total number of
stars with diameter greater than each lower limit δm . This gives the integrated star count for the
high density region, Nhigh (m), as a function of magnitude m.
[5] In the region of low star density, count the total number of stars with diameter greater than
each lower limit dm. This gives the integrated star count for the low density region, Nlow (m), as a
function of magnitude m.
[6] When we talk about brightness and sizes in astronomy, and how they relate to distance,
we always are dealing with logarithmic functions. Hence, a plot of the logarithms of your data is
useful. On a piece of graph paper (or using a plotting program like Excel), plot log(Nhigh ) on the
vertical axis versus m on the horizontal axis. On the same graph, using a different symbol or color,
also plot log(Nlow ) versus m.
[7] Estimate the mean magnitude, m1 , at which the two curves begin to diverge from each
other. The divergence of the curves is an indication that the dark cloud’s opacity (i.e., how much
light it can block) is becoming noticeable.
[8] In astronomy and astrophysics, there is a very well known relation between observed magnitude, m, the absolute magnitude, M , and the distance, R, to any bright object. The relationship
is called the distance modulus formula and is written:
m1 − M = 5 log(R) − 5
Using the divergence magnitude m1 found from your graph in [7], and assuming that the absolute
magnitude of the stars seen in in the photograph is M = −1, use this formula to calculate R, the
distance to the dark nebula.
Turn in your data tables, the photograph you worked from, and your calculations. Additionally,
answer the following question:
QUESTION : Do the curves in your graph ever become parallel? If they did, how could you estimate
the thickness of the dark cloud?
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RECORDED DATA FROM PHOTOGRAPH
mean magnitude (m)

dm (mm)

δm

Nhigh (m)

6

7

8

9

10

11

DATA FOR GRAPHS
mean magnitude (m)

log Nhigh

log Nlow

6

7

8

9

10

11
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Nlow (m)

2.4

Mass Distribution in Galaxies

Careful observations and analysis of distant galaxies in the Universe reveals several paradoxes
concerning our knowledge of the masses of galaxies. In particular, conundrums which currently
perplex astronomers include:
⊲ Velocities of galaxies in binary systems exceed the maximum permissible values for gravitational binding. To remain bound to each other, these galaxies must have considerably more
mass than their luminosity reveals.
⊲ Random velocities of rich clusters of galaxies are so large that they would be unbound unless
their total mass was at least ten times larger than the mass indicated by the luminosity of
their component galaxies.
⊲ The rotational curves of spiral galaxies (rotation speed versus distance from the galactic
center) deviates considerably from what would be expected if galactic mass coincided with
luminous matter.
These apparent paradoxes, sometimes called the Missing Mass Problem, compels one to consider
the following question: Does there exist in the Universe a substantial amount of matter that is of
such low luminosity that, apart from gravitational effects, it is unobservable? This type of matter
is often called dark matter. The existence of dark matter and the resolution of these apparent
paradoxes may have significant cosmological implications, both in assessing the ultimate fate of
the Universe and in our understanding of the fundamental nature of matter that makes up the
Universe.
The distribution of mass in a galaxy is described by the variation of mass density ρ with
distance R from the galactic center. This quantity, ρ(R), can be obtained for some spiral galaxies
from observing the Doppler shift of spectral lines (a measure of velocity) at different distances
from the galactic nucleus. Galactic velocity distribution data for several spiral galaxies is shown
in Figure 10 (data from V. Rubin et al., Astrophysical Journal 225, L107 [1978]). From this data,
the mass density function ρ(R) can be found. The function can be examined for any unexpected
features and compared with what is implied from the visible galactic luminosity.
Assume the galactic mass is spherically distributed and that Kepler’s law accurately describes
the circular orbit of any object in the galaxy. Kepler’s law can be solved for the total mass M (R)
influencing the orbit at galactic radius R:
M (R) P 2 =

(2π)2 3
R
G

where P is the rotational period of matter around the galactic center at the radius R, and G is the
gravitational constant.
Rotational speed is simply given in terms of the radius R and rotational period P as
v=

2πR
P

which with our former expression for Kepler’s law allows us to write M (R) as
M (R) =

v2R
G

If the gravitational constant is expressed in units of G = 4.074 × 10−6 kpc (km/s)2 , and R is in
kpc, then the mass M will be in solar masses (M⊙ ).
Your analysis of the rotation curves should proceed as follows:
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Figure 10: Rotation curves for 7 different galaxies. Data from V. Rubin et al., Astrophysical Journal 225, L107 [1978].

⊲ For each of the 7 galaxies in Figure 10, measure v for 15 to 20 different values of R.
⊲ Using the expression above, compute M (R) from your measured v and R for each data point.
⊲ For each galaxy, make a plot of M (R) versus R (a plotting program like Excel may be useful)
from your calculated points.
⊲ The galactic mass density ρ(R) may be determined by the slope along your graphs. Between
each pair of points on your graphs, calculate the slope:

slope =

M2 − M1
∆M (R)
=
∆R
R2 − R1

⊲ The mass density is calculated as:

ρ(R) =



∆M (R)
∆R



1
4πR2



⊲ For each of your galaxies, plot the mass density ρ(R) versus R.
An example of a useful organizational table for your measurements and computations is shown
below. You’ll need one such table for each galaxy.
GALACTIC DATA FOR NGC 7217
R [kpc]

v [km/s]

M (R) [M⊙ ]

∆M/∆R

ρ(R) [M⊙ /kpc3 ]

To complete the project, include the answers to the following questions with your data tables,
calculations and graphs:
⊲ Recall from photographs of typical spiral galaxies the luminosity decreases as you move outward from the bright bulge. If most of the matter in a galaxy were luminous, what would
this imply about the density ρ(R)?
⊲ Looking at your curves for ρ(R), how do they compare with your answer to the question
above? What does this imply about the matter in these spiral galaxies?
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2.5

The Hertzspring-Russel Diagram

One of the enduring problems in astronomy is how to determine the distance to various objects in
the Cosmos. With stars, one of the most useful ways to determine distances is from their brightness
or luminosity (commonly expressed as a magnitude). Every star has an intrinsic brightness (its
absolute magnitude). If the star were close to Earth it would appear brighter than if it were farther
away. The brightness we observe (the apparent magnitude) depends on how far away the star is.
We can exploit this behaviour to determine distances in astronomy.
The Hertzsprung-Russell diagram (or “H-R diagram”) is one of the most important tools for
studying stars. Hertzsprung (a Danish astronomer) and Russell (an American astronomer) were
both studying the properties of stars in the early Twentieth Century, and independently proposed
this special diagram, which embodies the notion that all stars are similar and evolve in the same
way. In this activity, you will draw and explore the uses of the H-R diagram.
The H-R diagram is typically displayed as a plot of brightness versus spectral type (spectral
type is most often interpreted as a measure of the stars temperature). There are many different
ways to determine each of these quantities, and a variety of different H-R diagrams can be found
in astronomy textbooks and articles. All of them have the same general features, and embody the
same information. In this activity, you will create a particular version of the H-R diagram known
as a color-magnitude diagram, where the star’s brightness is embodied in its magnitude, and the
star’s spectral type is embodied in a measure of its color. Color will be expressed as the “B − V
color” (how bright the star looks through a blue filter, minus how bright the star looks through a
yellow filter).
To complete the project, follow this procedure:
H-R Diagram for the Hyades
⊲ The Hyades star cluster in the constellation Taurus is one of the closest and most well studied
group of stars in the sky. You can see the Hyades with your naked eye in the winter and
spring.
⊲ The tables shown in Figure 11 give the absolute magnitudes M and B − V colors of several
stars in the Hyades cluster. On a sheet of graph paper (or using a graphing program like
Excel) plot the absolute magnitudes M vs. the B − V colors of the main sequence stars in
the Hyades. These stars define a smooth line in the H-R diagram called the main sequence.
Stars on the main sequence generate all of their energy by fusing hydrogen into helium. Label
the main sequence on your diagram.
⊲ Using a different symbol, plot the absolute magnitudes M vs. the B − V colors of the giant
stars on the same diagram. Notice these stars do not fall near the main sequence. This
confused astronomers for some time. Look at the stars with B − V of about 1.0. Some are
on the main sequence, but some are above it and to the right. Since they are above the
main sequence, they are brighter than main sequence stars, but they have the same color
(i.e. they have the same temperature). If all stars are similar, how can one be brighter but
have the same temperature as another? The answer is that the star appears brighter because
it is larger. These new stars you have plotted are called giant stars, and the region on the
H-R diagram is called the giant branch. Label this on your diagram and draw a smooth line
through the giant branch.
They Hyades H-R diagram will be our reference diagram. It can be used with other H-R
diagrams as a tool for determining the properties of other, less well understood clusters. We
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Figure 11: Tabulated data for absolute magnitude M and B −V color of stars in the Hyades cluster.
will study the Pleiades star cluster next, operating under the assumption that we can measure the
apparent magnitudes of the stars, but do not know the true distance to the cluster. By constructing
an H-R diagram of the Pleiades, we can compare it to the Hyades diagram and deduce the distance
to the Pleiades star cluster.
The basic idea is this: if we knew the absolute magnitudes of the stars in the Pleiades, we
would make an H-R diagram, and it would look exactly like the Hyades diagram. Because we don’t
know the distance to the Pleiades, we cannot convert the brightnesses we observe (the apparent
magnitudes) into true brightnesses (the absolute magnitudes). Making a Pleiades H-R diagram
with the apparent magnitudes will make a diagram which is shifted with respect to the reference
diagram from the Hyades. The size of the shift indicates how far away the Pleiades have to be
to change the brightness of the stars from the true absolute magnitude to the observed apparent
magnitude.
H-R Diagram for the Hyades
⊲ The table in Figure 12 gives the apparent magnitudes and B−V colors for stars in the Pleiades
cluster, which you can see with your naked eye in the fall and winter.
⊲ On a sheet of tracing paper, make an H-R diagram for the Pleiades, plotting apparent magnitude versus B − V color. Be sure to use the same scale on the B − V axis as you did for your
Hyades diagram! You are going to lay these graphs on top of one another, and they have to
match up.
⊲ Lay your Pleiades H-R diagram over your Hyades diagram so the B − V axes overlay each
other. Slide the Pleiades diagram up and down until the two main sequences line up.
⊲ Without moving either paper, pick any point along the vertical axes, and note down the value
35

of the apparent magnitude m on the Pleiades chart, and the value of the absolute magnitude
M the lies directly underneath it on the Hyades chart.
⊲ The difference in magnitudes m − M is known as the distance modulus. You can use it to
compute the distance to the Pleiades in parsecs using the formula:
D = 101+(m−M )/5 pc
⊲ Calculate the distance to the Pleiades star cluster. This procedure can be used to find the
distance to any star cluster for which the apparent magnitudes m and B − V colors have been
measured.
⊲ NASA has measured the distance to the Pleiades as being 135 pc using the Hubble Space
Telescope. What is the percent difference between this value and your result?

Figure 12: Tabulated data for absolute magnitude M and B − V color of stars in the Pleiades
cluster.
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