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We usually think of stars as very stable and constant things. 
Suppose you were out looking at the sky on a dark, starry night, and 
suddenly you saw a star that wasn’t there a moment earlier! You might 
think your eyes were playing tricks on you. You could 
check by taking a photograph of the region of the sky 
and comparing it to a photograph taken earlier of the 
same region. Normally, these photos would be roughly 
the same. Certain objects, such as planets, may have 
changed position relative to the background stars, and 
the brightness or size of the stars may appear different 
from night to night, but the arrangement of the stars 
relative to each other generally does not change over 
a period of nights, years or even centuries.

A supernova could be an explanation for seeing a 
new star. The term comes from the Latin word “nova” 
meaning new, though ironically a supernova is actually 
the event associated with the death of a star—the 
unbelievably violent process that a very massive 
star undergoes when it dies. Many people think of 
supernovae as explosions, and in some cases this is true, but some stars 
implode rather than explode when they die. Astronomers have studied 
various types of supernovae and have created possible explanations for 
the processes that could cause such events. Certain types of supernovae 
can give important clues to the puzzle of the age, size and fate of our 
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universe, as well as contribute to our evolving 
understanding of the structure of stars.

Although the study of supernovae is a 
very active field in astronomy, theories are 
constantly being challenged about the different 
types of supernovae and the stars that produce 
them. Currently more than sixty supernovae are 
discovered each year, but often times they are 
sighted after the maximum peak of the light curve 
so some of the scientific information is lost. 

Astronomers have classified supernovae 
into two kinds, Type I and Type II, based on the 
amount of hydrogen observed in the material 
surrounding the explosion of the star. Type I have 
no observed hydrogen, leading astronomers to 
believe the outside layers were already shed.  
Hydrogen is observed from Type II supernovae, so 
they are generally believed to be explosions of 
higher mass stars. This theory is consistent with 
the fact that Type II supernovae are only found 
in spiral galaxies, and usually in the arms, where 
high-mass star formation is thought to be more 
prevalent, whereas Type I supernovae are found 
in both spiral and elliptical galaxies.

Most elements heavier than hydrogen and 
helium are predominantly created inside stars 
or in the process of the supernova explosion 
itself. These elements are ejected into space by 
supernovae and then reused to form new stars 
and planets such as the Earth. The atoms that 
make up almost every substance that you deal 
with everyday, including the chair you are sitting 
in, the food you eat, and even your body itself, 
were once inside a star. You are made up of star 
matter.  

Searching for Supernovae
Both amateur and professional astronomers 

actively search for supernovae, and they are 
being discovered more and more frequently.  
Using the same basic strategy, they look for the 
appearance of a new star.  Supernova SN1994I was 
discovered based on images taken by Hands-On 
Universe (HOU) students at Oil City High School 
in Pennsylvania. Supernova search is an area of 
active research for HOU students. How does it 
work?

M1, the Crab  Nebula, remains 
of a supernova. Image from Ewell 
Observatory, Belmot, CA.
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To get ready for the Investigation Finding a 
Supernova, you’ll need to know something about 
photometry—the measurement of light. Sometimes 
a supernova is so bright it can be spotted by eye by 
just looking at two images taken at different times.  
In fact, there is an amateur astronomer in Australia, 
a minister named Bob Evans, who can look at a galaxy 
and compare it with his memory of this same galaxy 
at a previous date. Very impressive. For most of us, 
however, this technique is beyond our capabilities. 
The best strategy is to compare images of the same 
object using image processing tools in order to detect 
the presence of a supernova. However, it’s vitally 
important that the images must line up and match 
perfectly in order for this strategy to work.

There are 3 reasons images may not match: 

(A) Alignment. The telescope does not line up on the 
object the same each night, so images appear off-
center, or shifted with respect to one another.  

(B) Sky background light can vary significantly from 
image to image.

(C) Exposure time and other observing conditions, 
such as cloudiness or haze, can change from night 
to night, so the apparent brightness of all the stars 
may seem dimmer or brighter.  

Definitions of Photometry words
Counts - The measure of light that each pixel 

of the CCD receives from the star. This 
measurement is particular to the equipment 
used and to the atmospheric conditions during 
the observation. When we display an image, 
the grayness or color at each pixel is based on 
the Counts for that pixel.

Apparent Brightness - The amount of light reaching 
Earth per second from a star under ideal 
conditions (as if there were no atmosphere).  
This is a standard value that anyone could obtain 
from their measurements after correcting for 
observing conditions. Units Watts/meter2.

Luminosity - The amount of light emitted per 
second by a star. It is an inherent property of 
the star, unlike Apparent Brightness, and is 
independent of where the observations were 
made or what telescope is used. Generally the 

luminosity of a star cannot be measured directly 
but must be inferred from other characteristics 
of the star. The units for luminosity are Watts. 

Reference Star - A star whose apparent brightness 
and luminosity does not change from one night 
to the next. The apparent brightness value of the 
star, however, is typically not known.

Standard Star - A steady star is like a reference star 
but with a known, agreed upon value of apparent 
brightness.

Apparent Magnitude - A measure of apparent 
brightness commonly used by astronomers. The 
magnitude scale is inverse, meaning brighter 
stars have lower magnitudes.  

Absolute Magnitude - This quantity is analogous to 
the luminosity but is expressed on the magnitude 
scale.

PHOTOMETRY
Photometry is the process of measuring the amount of light received from an object.  

When you display an image using HOU Image Processing software, you can use the cursor 
to see the amount of light registered by each pixel in the image. This value is given in 
Counts. With the Auto Aperture and Aperture tools, routines add up all the Counts within 
a specific area of pixels to give the total Counts for a star. The routines are designed to 
subtract background light and give only the Counts created by the star itself.  

 Light we are receiving from stars has traveled vast 
distances.  Amazingly, the light remains virtually 
unaffected by the first 99.999999999999% or so 
of its journey.  But the last tiny leg of the trip 
through the Earth’s atmosphere can reduce the 
light  drastically and star brightness can differ from 
one observation to the next. 

Image processing software can correct all three 
types of mismatch of images through processes called 
(A) shifting (aligning), (B) Sky background subtraction 
and (C) Normalization.  After the images are properly 
shifted, sky adjusted, and normalized, we’re ready 
for step D, comparing the images which can be done 
one of two ways:

i. Subtraction: you can subtract one image from the 
other to examine the difference.  If a significant 
variation has occurred, such as a supernova, it will 
be apparent in the subtracted image.

ii. Blinking: switching the image display alternately 
from one image to another can make any  object 
that has change nearly “jump out at you.”

But before step D, let’s back up and take a 
careful look at how to prepare the images with steps 
A, B, and C.
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A. Aligning Files by Shifting
In order to align two images so they are 

ready for subtraction you need to use the Axes 
(Centroid) tool in Data Tools and the Shift option in 
Manipulation.  What happens when you shift a file?  
At right is data from a small section of an image 
file with brightness values (Counts) given for the 
pixel locations to illustrate the result when the 
image processor shifts a file “to the right by 2”

In this case as the image was shifted to the 
right, the new columns created on the left were 
filled in with zeroes.  There is an option in the 
software to select a “fill value” so that you can 
have new columns or rows filled in with a value 
that matches the background sky.

B. Subtract Sky Background
Differences in brightness may be due to 

changes in the background light level, called 
“sky”, such as the amount of Moon light.  

107 108 50 100 102
106 108 60 90 100
106 108 52 52 55

0 0 107 108 50
0 0 106 108 60
0 0 106 108 52

 Original File:

Shift Right by 2:

20 21 23 20 22
23 108 180 100 22
21 50 90 60 20

0 1 87 88 30
3 88 160 80 2
1 30 70 40 0

 Original File:

Subtract Sky value 20 from each pixel

C. Normalize Brightness
To correct for differences due to change 

in exposure time, compare the Counts of a 
reference star (a star that is known to be of 
constant brightness) in each image. Find the 
“reference ratio” of Counts for the reference 
star in one image divided by the Counts for the 
same reference star in the second image.  Then 
multiply the second image by the reference 
ratio.  Reference ratio is often referred to as 
normalization ratio.

20 21 23 20 22
23 108 180 100 22
21 50 90 60 20

40 42 46 40 44
46 216 360 200 44
42 100 180 120 40

 Reference File:

Multiply each pixel by reference ratio

In this case, normalization (reference) 
ratio is 2

Note: Steps A and B can be reversed, 
but normalization is best to do 
last, just before final subtraction/
comparison of the two images.

Also, both steps B and D are 
subtractions, but in B, the same 
count value (sky background) is 
subtracted from every image pixel 
and in D, count value of each pixel 
in a reference image is subtracted 
from the corresponding pixel in the 
new image.

To summarize the process for finding a supernova:
A. Align (shift) the images to correct for differences due to telescope aim.

B. Remove (subtract) background skylight due to ground lights and 
moonlight.

C.  Normalize the images to correct for differing observing conditions due to 
haze or high thin clouds.

D. Subtract the Reference Image from the new image.

Finally, identify any new light sources.



Chapter 6: Dramatic Change in Stars Hands-On Universe: 63

Here are a series of exercises on finding supernovae, starting with simple 
specially prepared images and progressing to real life image analyses.

Materials
• HOU IP

• Images: m51nor, m51fake1, m51fake2, m51fake3, SNW, SNX, SNY, SNZ,

m51img1, m51img2, and m51img3, snimg1 through snimg12

I.  Comparing Images By Subtracting (Step D)
In this first example m51nor is an image of galaxy M51 as it normally 

appears.  m51fake1 includes a supernova that has been pasted into the m51nor 
image.  Since they are nearly the same image, there is no need for Aligning 
the images (step A), Subtracting Sky Background (step B), or Normalizing 
Brightness (step C). To find the supernova, you can immediately go to step D: 
find the difference between these two files by subtracting one from another.   
Then you can locate the supernova in the Difference File. Fake supernovae 
are used in these first exercises to make it easier to learn to use the image 
processor tools.

a. Open m51nor and m51fake1 with the contrast (Min/Max) adjusted to show 
the spirals.

Investigation 

 Finding  Supernovae

b. With m51fake1 highlighted, select Subtract 
from the Transform menu [Manipulation in old 
HOU IP]. For what you would like to subtract 
from it, click on Displayed Image and select 
m51nor.  Click on Display Result in New Window 
and OK.

c. With the new Untitled file window highlighted, 
click on the supernova and get its position and 
data about its increase in brightness by clicking 
on Auto Aperture icon in the Analysis area of 
the Tools Palette or selecting Auto Aperture 
the Analyze menu.

6.1. What is the increase in brightness for the 
supernova, in Counts? 

II.  Aligning The Images 
Before Subtracting
Images of a patch of sky may be slightly 

shifted from one night to the next if the telescope 
has not been aimed exactly to the same set of 
coordinates each night. Before using the image 
processing Subtract tool, one of the images must 
be shifted so the two “match”. For this you use 
a second faked image.

a. Open images m51nor and m51fake2. Adjust 
the contrast to show the spirals.

b. First Subtract m51nor from m51fake2, and 
click on Display Result in New Window and 
OK. You will need this image at the end of 
this activity.

c. Select Centroid (Axes in old HOU IP) from 
the Analysis menu, click on OK and box a 
reference star in m51nor, (a star that appears 
in both images). Repeat for m51fake2.

6.2. Record the center (x,y) coordinates of your 
reference star in each image.

6.3. Calculate how much to shift m51nor so it 
matches m51fake2.

    right shift =  x(fake image) – x(normal image)

    up shift =  y(fake image) – y(normal image).

A negative value means shift left or shift down.

d. Now shift the normal image, with no 
supernova, so it is aligned with the fake image 
that has a supernova candidate. Use Shift 
in the Transform menu, enter your Offset 
values, and click on Display Result in New 
Window and OK.
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e. Verify that the shifted image lines up with m51fake2 by checking 
that the coordinates of the reference object are the same in both 
images.

f. Subtract  the shifted  image from the fake image.

6.4. What is different between the two subtracted images, the one before 
aligning and the one after aligning?

6.5. Can you find the supernova? Record the position and brightness 
data.

III.  Adjusting for Brightness Differences
In this section you will learn the two operations you must perform 

to correct for whole image brightness differences: Sky subtraction and 
Normalization.

a. Open images: m51nor and m51fake3. Adjust the contrast to show 
the spirals.

b. To be able to see how important the brightness adjustment steps are,  
subtract m51nor from m51fake3, without any brightness adjustments, 
and click on Display Result in New Window. Keep this image to 
compare with your result after the brightness adjustments.

c. Select Sky to find the brightness of the background sky.

e. Subtract sky value from each image. For each image use the ‘Number 
of Counts’ option and  enter the respective sky value; choose “Display 
Result in New Window,” then OK. Sky is now removed from each 
image. 

Adjust brightness (normalization) in the two 
images.  
f.  Using Auto Aperture, get the brightness 

value for a reference star that appears in 
both images.  

g. Calculate the Normalization factor, N, which 
is the ratio of brightness of the reference 
star in the two images: m51nor and m51fake3 
(the ones with sky removed).

h. Multiply m51nor (with sky removed) by N, 
Display Result in New Window, OK. 

i. Subtract this normalized image from the 
m51fake3 image (with sky removed).

6.6. What is different between the two subtracted 
images, the one before adjusting for brightness 
and the one after adjusting for brightness?

6.7. Can you find the supernova?  Record the 
position and brightness data.

Image of M51 from Ewell 
Observatory, Belmot, CA
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IV. SN1990H
Now look at a series of images of a galaxy to detect the presence of a 

supernova. The supernova is SN1990H, which was the 8th one discovered in 
1990 (H is the 8th letter of the alphabet). The images were taken at two week 
intervals in the Spring of 1990.

IV-1. What can you tell by looking at a single image? Open SNW with the 
contrast adjusted using Min/Max to bring out the spiral arms of the galaxy. 
Can you tell if there is a supernova? Supernovae are very bright objects, 
sometimes brighter than an entire galaxy. In this image, there are five or 
six very bright objects - are they all supernovae? Not likely. Objects that 
are also typically very bright include the galaxy core and foreground stars 
in our own Milky Way galaxy that lie in the same line of sight as the far off 
galaxy. For most galaxies, we never see single stars within the galaxy from 
ground-based telescopes — supernovae are the one exception.

 Galaxy cores and nearby stars tend to keep on being bright. A supernova, 
on the other hand, changes brightness over time, flaring up and then slowly 
fading over a period of a couple of weeks to a couple of months.   

6.8. Write down the coordinates of objects you think are likely candidates 
to be SN1990H.

IV-2. What can you tell by looking at four images? Open SNW, SNX, SNY 
and SNZ with the contrast adjusted to bring out the spiral arms in each 
galaxy. Drag the image windows around until you can see all four images 
at once.

6.9. Which bright object is the supernova? Write 
down its coordinates—note which image 
your coordinates refer to. Is it the one you 
guessed? 

6.10. The images are out of order, in terms of 
when each was taken. What do you think is the 
proper order of W, X, Y, Z? (It is ambiguous.)  
Explain your answer.

IV-3. Subtracting Images To Find a Supernova. 
You did not need to use more refined tools to 
discover SN1990H because it stands out when 
you see all four images. However, that is not 
always the case. Now try the A, B, C, D process 
on these images. In order to make comparisons 
there needs to be both a Reference Image 
and Reference Star. A Reference Image is one 
without a supernova. Use SNX as the Reference 
Image. A Reference Star is a steady star, i.e. 
one with constant brightness. Choose one of 
the bright objects outside the galaxy that is 
presumably a foreground star in our Milky Way 
galaxy as the Reference Star.

6.11.  Which star did you choose as your reference 
star?

A. Align the Images:
•  Get the coordinates for a Reference Star using 

Centroid (Axes) to drag a box around the 
foreground star you have chosen. Do this for 
the same star in each image. 

• Use Shift in the Transform menu to match all 
images to the Reference Image, SNX. Enter 
X and Y Offset values so that your Reference 
Star’s pixel location will be the same as its 
location in SNX. Refer to the Results window 
to get the coordinates of the Reference Star 
in each image. Enter offsets to two decimal 
places.

B. Remove the background skylight:
•  Use Sky to get a median background sky Count 

for the whole image.  

•  Use Subtract in the Transform menu.  Enter for 
‘Number of Counts’ the ‘Sky’ value listed in the 
Results window. This value is the mode - the 
most frequent brightness value in the image.  
After the subtraction the Sky value should be 
0 in each image.
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C. Normalize the Images (correct for differing observing conditions, high 
haze, variation in exposure time):

• Using the Reference Star, calculate the Normalization Factor for each 
non-reference image:

(brightness of reference star in reference image)

(brightness of reference star in new image) 

6.12. What normalization factor did you compute for SNY? SNW? SNZ? 

• With the new image highlighted, go to Multiply in the 
Manipulation menu. For ‘Number of Counts’ enter the 
value of your Normalization Factor. This should make the 
brightness of the Reference Star the same in each image.  
Other objects should also have roughly equal brightness, 
except for the supernova, which is new.

D. Subtract Images:
• With the new image window highlighted, subtract the 

Reference Image from the new image using Subtract 
in the Transform menu. Click on Display Result in New 
Window. Adjust the contrast — you should be able to bring 
out a “lumpy” detail of black and white spots. Variations 
within each image account for why the subtracted image 
is not all blank except for the supernova.

Look for a Supernova: Identify any new sources of light 
using Find in the Analyze menu.

6.13. Record the brightness of the supernova for each image.

6.14. Graph the brightness of SN1990H over time. This plot is called a light 
curve. Plot these dates along the x-axis:  

 SNW: 5/2/90; SNX: 6/2/90; SNY: 4/19/90; SNZ: 5/17/90

 and the brightness values from 6.13 along the y-axis. SNX was taken after 
the supernova had died out. Give it a brightness value equal to 0, which 
relative to its supernova brightness is a reasonable value. Sketch a curve 
to connect the points.

V. Light Curve for SN1994i

In the spring of 1994 several HOU students 
were studying M51, the spiral galaxy also known 
as the Whirlpool Galaxy. In early April, two girls 
at Oil City High School in Pennsylvania received 
an important phone call. They had serendipitously 
obtained the first images of a supernova in M51.  

 The brightness of the supernova increases 
dramatically and then fades off until it is no 
longer visible. The rate at which the brightness 
increases and then fades is an indicator of what 
type supernova has occurred and what type of 
star is involved. 

Use images taken by HOU students to create 
and study a plot of the brightness of a supernova 
as it changes over several weeks.  

You’ll choose a reference star and use the 
A, B, C, D steps described earlier.

• Open  m51img1, m51img2, and m51img3. 

These are images of M51, the whirlpool 
galaxy. Scott Miller, an HOU student at Oil City 
PA requested the first image of M51, m51img1 
on February 12, 1994. The core of the galaxy is 
the bright spot near the bottom of the image.  
The bright spot near the top is a companion 
galaxy. Heather Tartara and Melody Spence, 
Scott’s classmates, requested the second image, 
m51img2, on March 31, 1994, to further study 
the galaxy. Heather and Melody received some 
surprising news soon after obtaining their image.  
The image m51img3 was requested by Vincent 
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Prosapio, an HOU student at Alan B. Shepard High School in Palos Heights, IL, 
on April 7, 1994.  

•  Use Log Scaling and adjust the Min/Max on the images to see more detail 
within the region of the core of M51 and try to find what all the excitement 
was about. It may be quite tricky.

6.15. Use drawings and words to compare the three images.

6.16. Approximately how many times brighter than the Sun is the 
supernova?

The core of M51 (the bright spot in the center) is about as bright as a 
million Suns. Use Aperture to compare the brightness of the supernova to the 
core of the galaxy. Aperture asks you to specify a Star Radius and Sky Radius 
each time you use it. For this unit, you may use Star Radius = 7 and Sky 
Radius = 14. For more information on Aperture, Star Radius, and Sky Radius 
please refer to Supplementary Activity 16: Tools for Measuring Brightness:  
Auto Aperture & Aperture.  

6.17. Use a new image of M51 requested by your class or a recent image of 
the galaxy from the HOU database. Compare the new image to the images 
from Spring of 1994. Describe your findings.

•  Open images snimg1 through snimg12. It is probably easiest to use one 
image at a time and repeat the procedure below for each one.

These twelve images of the supernova were taken in April and early May 
of 1994. The date of observation and other information are listed under Image 
Info.  To create a light curve you must use only images through the same filter.  
All these images were taken through the I filter, which lets through infrared 
light. 

•  Find the night number by looking in Image Info and counting the number 
of days between the observation date and March 31, 1994. 

•  Use the bright star at approximately 
45° to the lower left of the galaxy 
core as a reference star. You may use 
Auto Aperture to measure the Counts 
for the reference star, but you should 
use Aperture for the supernova since 
it is so close to the center of the 
galaxy. The aperture tool allows you 
to specifically define the region for 
measuring brightness. 

•  Divide the Counts for the supernova by 
the Counts of the reference star to get 
the Count ratio for each night. (See the 
Photometry Techniques Discussion Sheet 
for more about the Count ratio, BSN/BR 
as a measure of brightness changes.)

6.18. Make a light curve for SN1994i by 
plotting the Count ratio versus night 
number. 

6.19. Compare your light curve with those on this page and infer the type 
supernova for SN1994i.
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Science of Supernovae
Type I Supernovae

Most stars in the Universe are found in multiple star systems, 
meaning that two or more stars are in a gravitational orbit around a 
common center point. When these stars are very close together the 
material from one star can spill over onto another star, greatly effecting 
the evolutionary process of each star. Current theories suggest that 
Type I supernovae occur in binary systems containing a white dwarf 
and a massive star.  

A white dwarf is the very compact remnant of a low mass star 
that has burned up all the hydrogen and helium in its core leaving a 
very dense remnant of mostly carbon. The outer layers of unburned 
hydrogen were blown off during a burst of helium fusion that created 
a planetary nebula around the white dwarf. A white dwarf is always 
less than 1.4 times the mass of the Sun.  Any additional mass will cause 
the white dwarf to collapse and create a different type of remnant 
called a neutron star.  

When a white dwarf is part of a binary, mass can be exchanged 
between the white dwarf and its companion. Each star has an imaginary 
shell around it within which all matter is gravitationally bound to that 
star. Astronomers refer to these regions as the Roche lobes for the 
binary system (see figure 1). As the companion star evolves, its radius 
will expand due to thermal pressure. This may cause some of its outer 
material to overflow its Roche lobe and fall onto the white dwarf.  
The white dwarf gains more and more mass by this method until it 
reaches the critical threshold of 1.4 times the mass of the Sun, where 
it can no longer support itself. In a violent implosion, called a Type 

Ia supernova, the white dwarf succumbs to the 
increased pressure and, in turn, heats up to the 
point where it can burn fuel again. This time the 
fuel is carbon. The ignition of the fuel results in a 
tremendously bright flash, which then fades over 
a period of days or weeks. Discoveries of these 
supernova have been made out to the edge of the 
visible universe.

The critical threshold of 1.4 times the mass 
of the Sun is the same for all white dwarfs.  
This means that no matter what the mass or 
temperature was for the original star, it will 
implode with the same amount of fuel left to 
burn. Since the mechanism for ignition is the same 
and the amount of fuel is the same, it follows that 
the luminosity resulting from the rapid ignition is 
the same for all white dwarfs undergoing a Type 
Ia supernova.  Astronomers call such an object a 
“standard candle”, meaning that its luminosity 
is known so we can use it as a point of reference 
from which to compare other objects. We can 
observe the apparent brightness of the supernova 

as seen from earth, and knowing its absolute 
brightness as a standard candle, we can then 
determine its distance away from us.

Type I supernovae are often categorized 
as Type Ia, Type Ib, or Type Ic supernovae. The 
different letters refer to differences in the specific 
elements detected after the explosion and the 
rate at which its brightness fades. Theories that 
attempt to explain the differences among the 
various categories of Type I supernovae focus on 
the specific mass of the original star.  It is thought 
that a Type Ib or Ic supernova may be caused by 
the remnant of a very high mass star, such as a 
neutron star that is part of a binary system.  

Figure 1   
a) A star and its companion white 

dwarf within their Roche lobes. 
b) The star bloats into a red giant and 

its outer layers overflow the Roche 
lobes. The overflowing matter falls 
onto the surface of the white dwarf. 

c) The white dwarf implodes and ignites 
fusion causing a bright flash called a 
Type I supernova.
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Type II Supernovae 
High mass stars undergo even more violent 

explosions called Type II supernovae (see 
figure 2). High mass stars achieve much higher 
temperatures inside so they are able to burn 
heavier elements than low mass stars. A very 
dense core of iron builds up within the center 
of the star as a result of the burning, with the 
lighter elements in the surrounding layers. This 
configuration is sometimes referred to as an 
onionskin model because of the spherical shells 
of various elements.

Through energy-producing nuclear fusion, 
only elements as heavy as iron can be produced. Any nuclear 
reactions producing heavier elements require an input of 
surplus energy. Therefore the star only continues to burn 
fuel until iron is produced in the core and then fusion stops.  
After the fuel runs out, the core cools to the point where the 
gravitational pressure causes the star to come crashing in on 
itself. The implosion is so strong that the outer layers of the 
star crash into the hard iron core and bounce back out with 
tremendous energy. This is called a shock wave. The shock 
wave ignites the material in the outer layers of the star and 
the result is a sudden explosion that can be one billion times 
as bright as the original star. The remnant of the core of a 
Type II supernova will either be a neutron star or a black hole, 
depending on the original mass of the star.

The intense brightness of a Type II supernova is caused by the 
burning of the lighter elements that are in the outer layers of the star.  
This material is thrust outward by the explosion, creating an expanding 
bright nebula or halo that can remain visible for thousands of years.  
The explosion releases such tremendous amounts of energy that the 
surplus energy required for nuclear fusion of elements heavier than 
iron is available. In fact, it is believed that supernova explosions may 
be responsible for the creation of all material heavier than iron or at 
least for providing “seed” iron elements that are the fuel for further 
nuclear and chemical evolution. This includes elements such as lead, 
zinc, gold, and silver.  

Figure 2:
a) In a Type II supernova the outer layers of a 

high mass star come crashing in and
b) bounce off the dense core sending a shock 

wave outward. 
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Variable Stars

6.20. The six graphs below are graphs of data (light curves) from four different stars. What 
is happening at each of these stars that is causing its brightness to change?

A B

C D

E F

What would happen with two stars orbiting each 
other (binary star)? What would cause brightness 
to change? What factors would affect the shape 
of the curve?
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Many stars in the Universe are multiple star systems. If a binary 
star system (two stars orbiting each other) is oriented in space in a 
way so that the orbit plane is in line with us on Earth, then the stars 
alternately pass in front of and behind one another. If a star goes behind 
another star, it is said to be eclipsed (similar to how the Sun is eclipse 
by the Moon during a solar eclipse). Such a binary star system is called 
an eclipsing binary star.  

The American Association of Variable Star Observers (AAVSO) 
maintains a database of observations from many observers over many 
years. It is a rich source of information. Their Eclipsing Binary Observing 
Program is described at http://www.aavso.org/observing/programs/
eclipser/

6.21. Find the longest and shortest period binary system. The most 
obvious thing that is different about such eclipsing binary stars other 
than brightness and type of star, is the time it takes for the stars to 
orbit one another: the period. Mine the data in the AAVSO database to 
see if you can find the shortest period binary system and the longest 
period binary system. It’s OK to coordinate your efforts with others 
to make things go faster. 

a. Go to the AAVSO website and pick subject star from the database.  To 
use the database, you need to know the star name of the eclipsing 
binary star.  A list of eclipsing binary names is at http://www.

Investigation 

 Eclipsing Binary Stars

aavso.org/observing/programs/eclipser/
tom/starlist.html

b. A useful gateway is the Published Times of 
Minimum Database at http://www.aavso.
org/observing/programs/eclipser/ebtom.
shtml which lists the times of all the eclipses 
that have been observed by AAVSO observers. 
When you enter a star name and click the 
“Get Data” button, a graph appears, but you 
might find it easier to use the text file (.txt) 
list that is available there also.

c. The date/time used may seem odd to you—
it’s Julian date, which is the time recorded 
in days and decimal fractions of days after 
a particular time in history: January 1, 4713 
BCE. If you want to know the “normal” 
calendar date corresponding to any Julian 
date, us the Naval Observatory Julian Date 
Converter at http://aa.usno.navy.mil/data/
docs/JulianDate.php

 6.22. Use information in the database to 
predict when there will be an upcoming eclipse 
of an eclipsing binary system and then request 
a series of images from a HOU telescope to 
record the event. Measure the brightness of 
the binary compared with reference stars 
nearby and then graph the data.  If you do this 
for successive eclipses, you might see if one 
of the stars in the system is brighter or bigger 
than the other star by looking at the difference 
in drops in brightness and the shapes of the 
light curves that you graph. Light curves on 
the previous page will give you a sense of that. 

Finally, you may wish to analyze a series of images 
of a binary star that you can find in the folder 
MoreTelescopeImages/VariableStars/CepheidBD-
Cas_ARO_AndEclipsingBinary.

Find late breaking news and information about 
Dramatic Change in Stars, supernovae, neutron 

stars and black holes at the Staying Up To Date pages 
for A Changing Cosmos:

http://lhs.berkeley.edu/gss/uptodate/10acc

http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://www.aavso.org/observing/programs/eclipser/
http://aa.usno.navy.mil/data/docs/JulianDate.php
http://aa.usno.navy.mil/data/docs/JulianDate.php


72 Global Systems Science A Changing Cosmos   Chapter 7: Planet-Star Systems

7. Planet-Star Systems
We wonder “Where did we come from, in the big scheme of things?” 

That leads to questions of how our planet began, which in turn leads to 
the question, “Where did our Solar System come from?” and “Where did 
the Universe come from?” That last question will be a focus of the last 
chapter in this book, but the first question is one that some people have 
been struggling with for a long time. 

Evolution of Solar System Models
People in ancient civilizations observed the heavens with care and 

came to a number of conclusions that were excellent in explaining what they 
saw in terms of movement of the Sun, Moon, planets and stars. Babylonian 
astronomer-astrologers (Chaldeans) kept thorough clay-tablet records of 
eclipse observations covering many centuries, as long ago as 26 February 
747 BC. They also knew that the lengths of the seasons are not equal. All 
early models of the Universe, based on obvious movements of things in 
the sky appearing to move around Earth, placed Earth at the very center 
of the Universe. 

Hipparchus
Hipparchus, a Greek astronomer, geographer, and 

mathematician that lived between 147 BC and 127 BC 
used Chaldean records to develop good models for the 
motion of the Sun, Moon, and planets that predicted 
positions used by sailors for navigation. He was the 
first to compile a trigonometric table, which he used 
in devising solar and lunar theories that could reliably 
predict solar eclipses. He measured the differences in 
the length of the seasons through  equinox and solstice 
observations, finding that spring lasted 94.5 days (spring 
equinox to summer solstice), and summer lasted 92.5 
days (from summer solstice to autumn equinox). That 
was an unexpected result since the prevailing idea was 
that the Sun moves around the Earth in a circle at a 
constant speed. Hipparchus’ solution was to place the 
Earth not at the center of the Sun’s motion, but at some 
distance from the center— about 1/24 of the radius of 
the orbit. That model described the apparent motion 
of the Sun fairly well.

Hipparchus created a star chart with about 850 
stars and is perhaps most famous for the discovery of 
precession, the slow change in direction of the axis of 
rotation of the earth. He also made estimations of the 
distance from the Earth to the moon.

Hipparchus

Chapter 7



Chapter 7: Planet-Star Systems Hands-On Universe:  73

Claudius PtolemyPtolemy
Claudius Ptolemy, Roman astronomer, mathematician 

and geographer living in Alexandria, Egypt from approx. 
87–150 AD established a model of the Universe based on the 
Greek model that would  explain the motions of heavenly 
bodies well enough to be the standard for many centuries. 
Ptolemy’s model still assumed that the Earth was the center 
of not only the solar system, but the entire Universe—a 
geocentric theory. In Ptolemy’s system, everything orbits 
the Earth in the order Mercury, Venus, Sun, Mars, Jupiter, 
Saturn. For accuracy in predicting naked eye positions, 
it requires at least 80 epicycles, which are smaller orbit 
paths superimposed on the main orbits. The stars move on 
a celestial sphere around the planetary spheres.

Nicolas Copernicus
Christian Church doctrine based on Greek and Roman 

philosophers required a solid belief in an Earth-centered 
Universe. The idea of a sun-centered system had been 
proposed by Aristarchus of Samos around 200 B.C., but 
arguments of Greek philosopher Aristotle prevailed, when 
he refuted the Sun-centered system with three questions: 
(1) If the Earth spun on an axis, why didn’t objects fly 
off?; (2) If the Earth was moving (around the sun), why 
didn’t it leave behind the birds flying in the air?; (3) If the 
Earth was orbiting the sun, why didn’t the stars 
appear to change their position since they were 
being viewed from a different perspective (the 
phenomenon of parallax)?  This last phenomena, 
parallax, does occur, but is much too small to 
be seen without a telescope due to the extreme 
distance to stars. [See chapter 4.]

Planet position predictions of Ptolemaic 
model were getting worse and worse over the 
centuries. Polish astronomer Nicholas Copernicus 
(1473-1543 A.D.), actually a church official,  
favored a Sun-centered view of the Universe, yet 
he never publicly announced his views until he 
was old so as not to be branded a heretic by the 
Church, risking prison or even death. Copernicus’ 
fears were well founded, as witnessed by later 
notable proponents of Sun-centered systems, 
such as Giordano Bruno (1548–1600 A.D.) who 
was burnt at the stake as a heretic by the Roman 
Inquisition.

Copernicus recognized that a Sun-centered—
heliocentric—model could easily explain certain 
planet movements that were serious problems 
for the geocentric system. He organized the five 
planets that were known at that time in the order 
that we know they are in today: Mercury, Venus, 

Statue of Nicolas Copernicus. From “Copernicus and the 
Church”  http://filer.case.edu/sjr16/pre20th_europe_church.html 

7.1 What’s wrong with Aristotle’s questions as reasons 
to believe in an Earth-centered universe?
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http://kepler.nasa.gov/johannes/

Earth, Mars, Jupiter, Saturn. The moon orbits around the Earth, 
he stated, but the stars are distant and don’t revolve around 
the sun. Since the Earth rotates around its own axis, the stars 
appear to revolve around the Earth in the opposite direction. 
Earth moving around the Sun also explained retrograde 
motions of the planets much more easily than the epicycles 
of the Ptolemaic model. Alas, Copernicus still thought that 
the planets  move around the Sun in perfect circles, which 
is not actually the case, so his model still needed to have 
epicycles—quite a lot of them—to make accurate predictions 
for the motions of the planets.

Copernicus’ work, On the Revolutions of the Celestial Orbs 
(published in Latin: De revolutionibus orbium coelestium), was 
not published until the year of his death and about 73 years 
later (1616) the Church placed it on its Index of Prohibited 
Books.

Johannes Kepler’s Laws of Planetary Motion
The problems and messiness associated with epicycles 

would not be overcome until Johannes Kepler (1571–1630 A.D.) 
came to the rescue. Kepler worked with renowned Danish 
astronomer, Tycho Brahe in Prague. Kepler was assigned the 
task by Tycho Brahe to analyze the observations that Tycho 
had made of Mars. Of all the planets, the predicted position of 
Mars had the largest errors and therefore posed the greatest 
problem. Tycho’s data were the best available before the 
invention of the telescope and the accuracy was good enough 
for Kepler to show that Mars’ orbit would precisely fit an ellipse. 
Kepler inherited Tycho’s post as Imperial Mathematician when 
Tycho died in 1601. In 1605 he announced his first law of 
planetary motion.

 
Kepler’s First Law:
1. Planets move in ellipses with the Sun at one focus.

For a circle the motion is uniform as shown above, but in 
order for an object along an elliptical orbit to sweep out the 
area at a uniform rate, the object moves quickly when the 
radius vector is short and the object moves slowly when the 
radius vector is long.

In work starting in 1602, Kepler calculated the position of 
the Earth in its orbit and after several years discovered that 
an imaginary line connecting the Sun and Earth sweeps out 
greater areas when the Earth is closer to the Sun, indicating 
Earth is moving faster in its orbit when it is closer to the Sun. 
Kepler stated his finding more precisely in  his second law. 
 
Kepler’s Second Law:
2. The planet’s radius line describes [sweeps] equal areas 

in equal times. 

http://www.library.usyd.edu.au/libraries/rare/
modernity/copernicus.html

“In the center of everything the sun 
must reside; . . . there is the place 
which awaits him where he can give 
light to all the planets.” 

-Copernicus
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Kepler published his first two laws in 1609 in his book 
Astronomia Nova.  
It wasn’t until May 15, 1618 that he arrived at his 
third law. 
 
Kepler’s Third Law:

3. The squares of the periodic times are to each 
other as the cubes of the mean distances.

This law he published in 1619 in his Harmonices 
Mundi. It can be stated mathematically as follows for 
any two planets labelled “1” and “2”:

Illustration of Kepler’s Second Law of planetary motion. Here 
we see two orbits with the same focus point (“center”) semi-
major axis (“diameter”), and orbital period: one a circle with an 
eccentricity of 0.0; the other an ellipse with an eccentricity of 0.8. 
Eccentricity is a measure of how “skinny” an ellipse is, with a 
circle having an eccentricity of “0”  being the “fattest” kind of 
ellipse, and the very “skinniest” of ellipses having eccentricities 
approaching “1.” An animated version of this diagram is on this 
web page http://kepler.nasa.gov/johannes/

Circular and Elliptical Orbits Having the  
Same Period and Focus

For circular orbit, 
speed remains 

constant
For elliptical orbit, 
speed decreases with 
distance from the Sun.

Kepler’s 2nd Law: The planet’s radius line sweeps equal 
areas in equal times. 

Galileo Galilei 
Italian mathematician, physicist, and 

astronomer, Galileo Galilei (1564–1642 A.D.) 
was a contemporary of Johannes Kepler and a 
kindred spirit, to boot. Using the newly invented 
telescope, Galileo discovered moons of Jupiter, 
mountains and craters on the Moon, phases of 
Venus, and sunspots. Some of these observations 
supported the Copernican heliocentric theory.

In 1610, Kepler heard of Galileo’s discoveries,  
and though they did not have any rapid means 
of communication, like Internet, telephones, 
or e-mail, Kepler published a letter of support 
for Galileo: Dissertatio cum Nuncio Sidereo 
(“Conversation with the Sidereal Messenger”). 
He also obtained a telescope and published his 
observations of Jupiter’s satellites: Narratio de 
Observatis Quatuor Jovis Satellitibus (“Narration 
about Four Satellites of Jupiter observed”). 
These were enormous support to Galileo, whose 
discoveries were doubted or denied by many. 

Kepler encouraged Galileo to publish his 
discoveries and conclusions (see excerpts of 
letters on the following page), but when Galileo 
published papers that said that the Universe is 

Galileo Galilei
Original portrait by 
Justus Sustermans 

painted in 1636.

heliocentric, he was brought before the Inquisition 
and accused of being a heretic (1616) for opposing 
the Church’s teachings. He was cleared of the 
charges but told to keep quiet. When Galileo 
published a book in 1632 that indirectly supported 
the heliocentric theory, he was again called before 
the Inquisition and found guilty of heresy, forced 
to recant what he had said, and sentenced to life 
imprisonment. Because of his age, he was placed 
under house arrest and continued working and 
experimenting until his death on January 8, 1642.

T1
2

T2
2 R2

3

R1
3

=
where  T1 = period of planet 1
 T2  = period of planet 2
  R1 = orbit radius of planet 1
 R2  = orbit radius of planet 2

7.2 Assuming Earth’s period is 1 year and its orbit 
radius is about 150,000,000 km, using Kepler’s 
3rd law, 

(a) what is Mars’ orbit radius if it takes 687 
days to orbit the Sun and 

(b) how long is Jupiter’s year if it’s distance 
from the Sun is about 780,000,000 km?
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Isaac Newton
If Kepler provided the most accurate descriptions of planet orbits, 

it was not until the work of Sir Isaac Newton (1643 -1727 A.D.) that 
the orbit motions would be explained in his theory of universal gravity. 
Newton made many other discoveries and inventions including:

• white light, when passed through a glass prism, can be seen to be 
made of a spectrum of colors--red, yellow, green, blue, violet

• the first reflecting telescope

• three Laws of Motion (see next page for complete description)

In 1666, Newton made the breakthrough of imagining that the 
Earth’s gravity extended to the Moon. Using Kepler’s third law of 
planetary motion, Newton deduced that there is a force (known as 
centripetal force) holding the Moon (or any planet) in orbit, and that 
force depends on distance in a certain way. If the distance is doubled, 
the force becomes one-fourth as much; if distance is tripled, the force 
becomes one-ninth as much. In general, if distance increases by a factor 
of “n,” the force decreases by a factor of 1/n2, a relationship known as 
the inverse square law. Newton also showed that  Kepler’s second law 
(that the line joining a planet to the sun sweeps out equal areas in equal 
times) can be explained by the fact that a body moving in an elliptical 
path and attracted to one focus must indeed be drawn by a force that 
varies as the inverse square of the distance. 

[Galileo to Kepler, 1597]  ....Like you, I accepted the Copernican position several years 
ago and discovered from thence the causes of many natural effects which are doubtless 
inexplicable by the current theories.  I have written up many of my reasons and refutations 
on the subject, but I have not dared until now to bring them into the open, being warned by 
the fortunes of Copernicus himself, our master, who procured immortal fame among a few 
but stepped down among the great crowd (for the foolish are numerous), only to be derided 
and dishonored.  I would dare publish my thoughts if there were many like you; but, since 
there are not, I shall forebear....

[Kepler to Galileo, 1597]  .... You advise us, by your personal example, and in discreetly 
veiled fashion, to retreat before the general ignorance and not to expose ourselves or 
heedlessly to oppose the violent attacks of the mob of scholars....  
But after a tremendous task has been begun in our time, first by Copernicus and then by 
many very learned mathematicians, and when the assertion that the Earth moves can no 
longer be considered something new, would it not be much better to pull the wagon to its 
goal by our joint efforts, now that we have got it under way, and gradually, with powerful 
voices, to shout down the common herd, which really does not weigh the arguments very 
carefully?  Thus perhaps by cleverness we may bring it to a knowledge of the truth.  With 
your arguments you would at the same time help your comrades who endure so many 
unjust judgments, for they would obtain either comfort from your agreement or protection 
from your influential position.  It is not only your Italians who cannot believe that they 
move if they do not feel it, but we in Germany also do not by any means endear ourselves 
with this idea....
Be of good cheer, Galileo, and come out publicly.  If I judge correctly, there are only a few of 
the distinguished mathematicians of Europe who would part company with us, so great is 
the power of truth.  If Italy seems a less favorable place for your publication, and if you look 
for difficulties there, perhaps Germany will allow us this freedom. 

 Source: Giorgio de Santillana, The Crime of Galileo (1955).
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Newton ultimately concluded that this 
applies to all objects, and it became the 

Law of Universal Gravitation: Every object in the 
Universe attracts every other object with a 
force directed along the line of centers for the 
two objects that is proportional to the product 
of their masses and inversely proportional to 
the square of the separation between the two 
objects. The mathematical relation is:

Fg = G (m1m2)/r2

where: Fg is the magnitude of the gravitational 
force between the two objects,

• G is the gravitational constant,

• m1 is the mass of the first object,

• m2 is the mass of the second object,

• r is the distance between the objects. 

The constant of proportionality G is known as 
the universal gravitational constant. It is termed 
a “universal constant” because it is thought to 
be the same at all places and all times and thus 
universally characterizes the intrinsic strength of 
the gravitational force.

Given the law of gravitation and the laws 
of motion, Newton could explain a wide range of 
seemingly unrelated phenomena such as 

•  apples falling from trees,

•  cannon balls falling to the ground at some 
distance after being fired,

•  the orbit of the Moon, planets, and the 
eccentric orbits of comets,

•  the causes of the tides and their major 
variations,

•  the precession of the Earth’s axis,

•  the subtle change in motion of the Moon 
caused by Sun’s gravity.

 Newton’s one system of laws of nature 
gave order to most of the known problems of 
astronomy and terrestrial physics. The work of 
Galileo, Copernicus, and Kepler was united and 
transformed into one coherent scientific theory. 
The new Copernican world-picture finally had a 
firm physical basis.

Newton’s Laws of Motion

Newton’s First Law of Motion:
I. Every object in a state of rest or in uniform 

motion tends to remain in that state unless an 
external force is applied to it.
Newton’s exact words were “Every body perseveres 

in its state of rest, or of uniform motion in a right 
line, unless it is compelled to change that state by 
forces impressed thereon.” This is often called the 
“Law of Inertia” and is a concept that Galileo first 
elucidated.

To understand Newton’s second law of motion, 
it’s helpful to know that  

(a) a force is a push or pull on an object, 

(b) an object’s speed in a particular direction is known 
as the object’s velocity (in other words, velocity is 
both speed and direction of motion), and

(c) a change in an object’s velocity is known as 
acceleration. For example, if you are in a car that 
goes from a speed of zero to 50 mph in 5 seconds, 
you and the car have experienced an acceleration 
of 10 mph/sec. 

Newton’s Second Law of Motion:
II. The acceleration of an object is proportional 

to the force on it and is in the direction of that 
force. 
Newton’s exact words were “The alteration 

of motion is ever proportional to the motive force 
impressed; and is made in the direction of the right 
line in which that force is impressed.” Mathematically, 
Newton’s Second Law is often stated as follows:

If a force (F) is exerted on an object of mass (m), 
then the object undergoes an acceleration (a) in direct 
proportion to the force: 

F = ma  

Newton’s Third Law of Motion:
III. For every action there is an equal and opposite 

reaction.
This law is exemplified by what happens in the 

recoil of a gun that people so often see in TV shows 
and movies. When the bullet fires off in one direction, 
the gun recoils in the opposite direction: “an equal and 
opposite reaction.”  
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Galileo discovered the four largest moons of Jupiter in 1610, and 
they are often referred to as the Galilean Moons. He was using a simple 
telescope and a keen mind. It is a testimony to his observational prowess 
that out of all the stars and bright objects he could see in the sky, he 
noticed that Jupiter and these four dimmer lights, which he assumed 
were stars, were stretched out along 
a straight line. When he looked again 
he saw that the positions had changed 
from one night to the next, which is 
not what stars do. After repeated 
observations he determined that they 
were moons orbiting around Jupiter.

Materials:

• HOU IP

• Images: jup20020122_0000.fts and 
jup20020122a through i 

I.  Find the Moons  
• Open jup20020122a and jup20020122b 

with the contrast adjusted using Min/Max 
so the moons are visible. To help keep 
track of the moons, refer to them as # 
1, 2, 3, & 4, starting from the bottom of 
the window. 

7.3. Record your image settings.  

7.4. Which Direction is Each Moon Moving? 
Make a sketch of the jup20020122a 
image, or use the Print option in the File 
menu, then draw an arrow at each moon 
showing whether it appears to be moving 
closer to or further away from Jupiter. 
You can tell by eye which direction the 
two moons shown closest to Jupiter are 
moving. A way to answer this question 
for the other two moons is to compare 
position coordinates. Use Find in the 
Data Tools menu with the default setting.  
Do this for both images.

 

II.  Making a Double Exposure
Adding two images together to make a double 

exposure is another way to compare the positions of 
the moons in two images taken an hour apart. 

• Starting with jup20020122a as the active window, 
use Add in the Transform menu (or + in the Tool 
Palette). Click on Displayed image and scroll 
down to select jup20020122b for what to add.  
Click on Display result in new window.

• If you want to save this double image, select Save 
As from the File menu and enter a new file name 
including your initials, such as “jupab-jd”.  

• Use Find to get the brightness Counts for the Sky 
and the moons in all three images.  

7.5. Adding the two images made the Sky about twice 
the value in either image. The moons, however, are 
not twice as bright. Why?

7.6. Which image did each moon come from?  Compare 
moon coordinates in the double image with moon 
coordinates in one of the single images. Make a 
sketch, or Print out a copy, of the double image 
and draw in arrows from the jup5 position to the 
jup6 position of each moon.

Investigation 

 Tracking Jupiter’s Moons
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You need to collect data on the 
positions of each of the moons in each 
of the 10 Jupiter images, jup20020122a 
through i taken at 1 hour intervals.   

7.7.  For each image check the Image 
Info (under Data Tools) and record 
the date and time that the image 
was taken. Date is day/month/year 
and time is Universal Time, UT. Make a quick sketch of the image. Universal 
Time is the time in Greenwich England.

• In order to see how each moon moves during the time sequence represented by 
the six images, combine all six images into one composite image. This may be 
done in several ways: by adding all of them together at one time; by adding 
them together one at a time and checking after each addition; by subtracting 
some and adding some. You may think of some other ways. Try whatever you 
like. Once again keep a careful record of all that you do, including the names 
of the files you create and how you create them. Remember, your goal here is 
to create an image or images that will allow you to see as clearly as possible 
how these Moons are moving.

Here are ways to collect moon position data; you may think of more.

4 Use the cursor to get the coordinates for the 
positions of each moon.

4Use Slice in the Analyze Tools menu to get 
the number of pixels between each moon 
and the center of Jupiter or between moon 
positions. (It helps to make the Slice window 
larger.) Drag the cursor on the Slice graph 
to display values for distance along the 
Slice in pixels and brightness in Counts.  
Corresponding pixel (x,y) coordinates and 
Counts are shown in the Status Bar - be sure 
you understand the differences between the 
(x,y) values for the Image window and the 
values shown on the Slice graph.

4	Use Find to get cursor coordinates for all 
six positions of each moon, and use the 
Pythagorean Theorem to compute distances 
and speed. A hand calculator helps here.  

7.8. Make a sketch (or printout, if possible) of your 
composite image. If you sketch it, please take 
enough time so that it’s clear to someone else 
who looks at it. Share your results with other 
groups around you and see what approach they 
used that might be different from yours. This 
is particularly valuable as you begin to answer 
the questions below.

7.9. Identify on your sketch the orbits in which 
each moon is traveling by putting the number of 
the moon at its initial position in jup20020122a 
and in its last position in jup20020122i.

7.10. Which moon(s) appear to be traveling the 
fastest? Slowest? Does this depend on the 
portion of the orbit you are examining?  Explain 
your reasoning.

7.11. Record the direction and speed of each 
moon. Your units of speed will be either pixels/
hr or mm/hr, depending on your method of 
collecting the data.  

7.12. How do you explain the apparent paradox 
that, despite the fact that the moons all move 
at roughly constant speeds around Jupiter in 
almost circular orbits, your data shows that 
the speed seemed to change?

7.13.  Draw a top view of Jupiter and each moon 
in its 10 successive positions.

III.  What Happens to the Moons During 6 Hours?



80 Global Systems Science A Changing Cosmos   Chapter 7: Planet-Star Systems

IV.  Interpreting Your Data
The four moons Galileo discovered in 1610 are named Io, Europa, 

Ganymede, and Callisto. This table shows the period and orbit radius 
for each moon. The period is the time for one complete 
revolution.

One more piece of information: the further the orbit 
from Jupiter, the slower the speed of the moon. This is 
because Jupiter’s gravity weakens with distance.  

7.14. Who Is Io? For each moon, see if you can match the 
name with its number. Use a process of elimination, 
crossing out numbers that are not candidates.  

7.15. Explain how you decided on the name for each 
moon.

Moon Period 
(days)

Orbit Radius 
(km)

Io 1.8 421,600
Europa 3.5 670,900
Ganymede 7.2 1,070,000
Callisto 16.7 1,883,000

The moon Io.

The moon Ganymede

The moon 
Callisto

The moon 
Europa.
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V. The Mass of Jupiter
By analyzing images of Jupiter and its moons, you can 

determine values for the variables D and T in the equation 

below and solve for the mass of Jupiter, MJ. 

  MJ  =  
G T2

4 π2 D3

7.16.  As a practice problem, use the equation 
above to find the mass of the Earth in kilograms 
given the following observational data. The 
period of the Moon around the Earth is 27.3 
days and the mean radius of its orbit is 384,000 
km. Use meters for the units of D and seconds 
for T.

Determining the mass of Jupiter 

a) You need the distance data you determined 
in the Tracking Jupiter’s Moons Unit for the 
images jup5 through jup10.  Distances need to 
be in pixels; go back to the Tracking Jupiter’s 
Moons Unit and redo this if your original 
measurements were in millimeters.

b) For each image you also need to know the 
time of day of the exposure. Use Image 
Info in the Data Tools menu. Time is given 
as Universal Time, UT, which is the time at 
Greenwich, England. Universal Time is based 
on a 24-hour clock rather than our familiar 
12 hour ones.  

7.17.  Organize your distance and time 
data in a neat table before you 
proceed. Call the distances for the 
moons to the left and below Jupiter 
in the image negative (-) and the 
distances to the right and above 
Jupiter positive (+).  

Information Box
1 degree = 60 arc minutes:  

1° = 60’

1 arc minute = 60 arc sec:  
1’ = 60”

1 pixel = 0.63 arcsecs (Plate scale for 
telescope that took this image)

1 radian = 57.3 degrees 

= 206,265 arcsec

Distance from Jupiter to Earth in 

jup5-jup10 images: 6.63(108)km

1 km = 1000 m

In this equation, D is the radius of orbit of one of 
Jupiter’s moons and T is the time it takes the moon to 
complete one orbit (the orbital period). G, the constant 
of universal gravitation, has a currently accepted value of 
G = 6.67 x 10-11 m3/kg-sec2. Note that this equation looks 
exactly like Kepler’s Third Law, as modified to incorporate 
Newton’s universal gravitation constant—it applies to any 
central body that is being orbited by a much less massive 
object; e.g., The Hubble Space Telescope orbiting the Earth, 
a moon around a planet, one of the planets around the sun, 
or the sun around the center of our Milky Way galaxy. In all 
these cases the mass of the orbiting body is insignificant 
compared to the mass of the central body, and as you can see, its 
mass is not even included in the equation. If the mass of the orbiting 
body were significant, it would be orbiting around a common center, 
and a different equation would be needed.

7.18.  For all four moons in all the images, plot 
the pixel distance from the center of Jupiter 
versus the time the image was taken.

7.19.  What does the plot you made above 
represent? 

7.20.   Use your plot to estimate the maximum 
distance for the moon that reaches its turn-
around point; i.e., the moon that seems to 
stop getting further away from Jupiter.  

 Your pixel distance from question 7.7 can 
actually be thought of as the angle subtended 
by imaginary lines connecting Jupiter and 
its moon. Line D is the radius of the moon’s 
orbit.  

 We can use this “pixel angle” to find the 
radius, D, in km once we convert the pixel 
value of Angle A to units of radians.  
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7.21.  Convert the pixel value you found above to radians using the 
Information Box on the previous page. 

7.22.  Use the Small Angle Approximation (pp. 26–29) to determine 
the radius of the moon’s orbit in kilometers.

D =  d x A    where D is the radius of the moon’s orbit, d is the 
distance from Earth to Jupiter at the time the 
images were taken, and A is the angular distance 
of the moon from Jupiter in radians.

This is the value for one of the two variables you need in order to 
solve for the mass of Jupiter.  To determine the period of the moon, 
which is the other variable, T, you need to extrapolate from your 
data by sketching what you think the graph would look like with 
data for more hours. Use your extrapolation to estimate the time 
for one quarter of an orbit and for one half an orbit.

7.23.  Use your estimates of time for 1/4 and 1/2 an orbit to determine 
the period of the moon. 

7.24.  Estimate how much possible error there is in your value for the 
period and explain how you made your error estimate. 

7.25.  You now have the period and radius for one of the moons. Use 
this information to determine the mass of Jupiter from the equation 
for MJ. Use meters for the units of D and seconds for T.

7.26.  Find a data table and look up the currently accepted value for 
the mass of Jupiter. Determine the percent difference between the 
accepted value and your calculated (experimental) value using the 
following equation:

% Difference  =                              x 100%

Wrap Up:

7.27.  Design an experiment that would allow you to obtain a more 
accurate value for the mass of Jupiter. Be specific.

accepted value - experimental value

accepted value
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Space Telescope Science Institute  
http://hubblesite.org/gallery/album/

Image of NGC 281 taken with NASA’s Hubble Space Telescope 
in October 2005 shows an example of dense knots of dust and 
gas in our Milky Way Galaxy. This is part of an emission nebula 
and star-forming region located nearly 9,500 light-years away in 
the direction of Cassiopeia. Image is a region about 6 LY across. 
The dark, opaque knot of gas and dust is an example of a “Bok 
globule,” cosmic dust and a concentration of elements responsible 
for the formation of stars. 

How Do Star-Planet 
Systems Form?
To finish the story that was begun at the 

beginning of Chapter 3, a nebula — a huge cloud 
of gas and dust in space — starts to collapse, with 
gravity pulling the gas and dust together. The 
explosion of a nearby star (a supernova), may 
generate shock waves in space which squeeze the 
cloud and trigger the collapse. Just like a dancer 
that spins faster as she pulls in her arms, the cloud 
spins faster and faster as it collapses.

M42, the Great Nebula, star forming region in Orion

At the same time, the 
cloud gets hotter and denser 
in the center and forms into 
a disk that gets thinner and 
thinner. 

When the center of the cloud gets 
hot enough, nuclear reactions start 
occurring and a star, like the Sun, is born. 
The star not only radiates heat and light 
but blows its own particles outwards, 
pushing out remaining gas and dust of 
the new star system with sort of wind 
called a stellar wind. 
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Hubble space Telescope image of 
Comet Shoemaker-Levy 9 fragments 

before they collided with Jupiter.

A Galileo spaceraft image of Jupiter’s moon Callisto, showing 
evidence of a chain of craters that may have resulted from a 
fragmented comet similar to Comet Shoemaker Levy 9.

Giant planets, rocky planets, asteroids, 
comets, meteoroids.
Meanwhile, particles have been colliding and 

sometimes sticking together in clumps, eventually 
forming planets and moons. Two main types of  planets 
form: smaller planets of mostly rocky material (e.g. 
Earth, Venus, Mercury and Mars), and large planets 
made of icy material and gas (e.g. Jupiter, Saturn, 
Uranus, and Neptune). Other icy material settles in 
the outer regions of the disk along with rocky material, 
where they form a myriad of smaller bodies. 

We often refer to two types of planets, rocky 
planets and giant planets, but there is really a whole 
range of size of objects, all the way from dust grains to 
the giant planets. The smaller bodies are mixtures of 
different kinds of rock and ice—not just water ice, but 
other types as well, such as ammonia ice. Historically, 
small rocky bodies have been referred to as asteroids, 
while the icy bodies, that partly vaporize and form long 
beautiful tails when they travel to the inner parts of 
the solar system, are referred to as comets. 

Very small bodies, either icy or rocky are 
called meteoroids. When a meteoroid falls 
into Earth’s atmosphere, it interacts with the 
atmosphere, heats up and leaves a streak of light 
in the sky that is called a meteor. If it makes it 
all the way to the ground, the rocky visitor from 
space is called a meteorite.

Studying meteorites, which are thought to be 
left over from this early phase of the solar system, 
scientists have found that the solar system is 
about 4.6 billion years old.

Giant planet[Not to scale]

Rocky planet

Giant planets in our solar system are 
Jupiter, Saturn, Uranus, and Neptune.  

The rocky planets are  
Mercury, Venus, Earth and Mars.
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Image of asteroid Eros. Courtesy NASA, 
Near Earth Asteroid Rendezvous (NEAR-

Shoemaker) mission. Asteroids are solar 
system bodies that are smaller than planets—

anywhere from the size of a boulder to a few 
hundred miles in diameter.

The worlds come into being as follows: many bodies 
of all sorts and shapes move from the infinite into a 
great void; they come together there and produce a 
single whirl, in which, colliding with one another 
and revolving in all manner of ways, they begin to 
separate like to like. 

—Greek philosopher (atomist),
Leucippus (~480-420 B.C.)

Find late breaking news and information about Planet-
Star Systems at the Staying Up To Date pages for A 

Changing Cosmos:
http://lhs.berkeley.edu/gss/uptodate/10acc

In Chapter 1, we saw how asteroids can be 
major threats to the well being of life on Earth. 
You can find out more about the NASA efforts 
concerning near Earth asteroids at the NASA  Ames 
Research Center’s Asteroid and Comet Impact 
Hazards page 

http://impact.arc.nasa.gov/ 
  

You can join the Hands-On Universe Asteroid 
Search, which began as a research project started 
by high school teachers Hughes Pack and Tim Spuck 
in 1996. In October of 1998 students at Northfield 
Mount Hermon School in western Massachusetts, 
USA, discovered a faint and distant Kuiper Belt 
object, now known as 1998 FS144. The project has 
used images from large telescopes, observatory 
archives, and small telescopes for asteroid 
tracking, searching, and discovery. The web site 
currently has four main options. 

Current status of the Hands-On Universe 
research projects can be found through the 
“Staying Up to Date” pages for A Changing Cosmos 
chapter 7 

http://lhs.berkeley.edu/gss/uptodate/10acc 

Investigation 

 Asteroid Searches
For example, the International Astronomical 

Search Collaboration (http://iasc.hsutx.edu/) is an 
educational outreach program for high schools and 
colleges, provided at no cost to the participating 
schools. IASC (“Isaac”) a collaboration of 

• Hardin-Simmons University (Abilene, TX),

• Hands-On Universe, (HOU - Lawrence Hall of 
Science, University of California, Berkeley), 

• Astronomical Research Institute (http://ari.home.
mchsi.com in Charleston, IL), and 

• Astrometrica (H. Raab, Austria). 

Most recently, HOU collaborates the 
NASA WISE mission (Wide-field Infrared Survey 
Explorer)

http://wise.ssl.berkeley.edu/mission.html
WISE will survey the whole sky in infrared 

light, producing an all-sky image atlas and 
catalogue of over 300 million infrared sources. 
In addition to asteroid research, WISE scientists 
will study the coldest and nearest stars, regions 
of new star and planet formation, the structure 
of the Milky Way Galaxy, Ultra-luminous infrared 
galaxies, and the large scale structure of the 
Universe.

http://ari.home.mchsi.com
http://ari.home.mchsi.com
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We know of one habitable planet in the Universe, habitable 
meaning suitable for supporting life such as that we are familiar with. 
That one habitable planet is our own: Earth. For centuries, some 
people have speculated that there may be many many such planets 
in other planet-star systems. Until the latter part of the 20th century, 
there was no evidence that planets of any sort around other stars even 
existed, much less habitable planets like Earth. That’s not surprising. 
It’s nearly impossible to see exoplanets because they are very 
distant, very faint and lost in the overwhelming glare of the 
stars they orbit. As of July 2007, only four exoplanets were 
observed with direct imaging methods—planets that were very 
large and orbiting very faint stars with very large orbit radii. 
But although we cannot easily observe exoplanets directly, 
we have detected lots of them by certain effects they have 
on the stars they orbit. Here are the main methods that have 
been thought of:

The first detection of extrasolar planets was made by 
Alexander Wolszczan in 1994 by measuring the periodic change 
in arrival time of radio pulses from a pulsar—an incredibly 
dense neutron star, which is the remains of a supernova, that 
normally emits very regular pulses of radio waves. 

Most exoplanet discoveries have been the result of looking for 
movement of the “parent” star. In Kepler’s Laws, the Sun is fixed at a 
point in space and the planet revolves around it. But why should the 

8. Search for Habitable Planets
Planets orbiting other stars are called 
exoplanets, or extrasolar planets. 
Planets in any way similar to Earth are 
called terrestrial planets.

Sun be thus privileged? Kepler had rather mystical 
ideas about the Sun that justified its special place. 
However Newton, in connection with his 3rd Law, 
showed that the Sun does not occupy a privileged 
position. As a planet orbits its star, its gravity 
affects the star so that the two bodies actually orbit 
each other.  Of course the larger body dominates 
and the smaller body moves a lot more. But the 
small movement of the star as the orbiting planet 
tugs on it can in theory be detected in two ways: 
(1) If the star alternately moves towards us and 
away from us, its spectrum should shift slightly 
back and forth, alternately towards the blue end 
then towards the red end—a spectroscopic shift. 
(2) We should be able to see the position of the 
star shift as well. Accurate measurement of position 
is known as astrometry. Spectroscopes have 
been used to detect star spectrum shifts caused 
by orbiting giant planets. From ground-based 
observatories, spectroscopists can measure shifts 
due to velocity changes as small as 3 m/sec. This 
corresponds to a planet at least 33 times the mass of  
Earth orbiting a Sun-like star. No exoplanet 
detections have been confirmed using astrometry, 
but there have been many exoplanet discoveries 
with the spectroscopic method. 

The other practical way to discover 
exoplanets is to watch the periodic dimming of 
the star caused by a planet passing in front of 
the star—an event known as a transit. Measuring 
brightness is known as photometry. This method 
in theory, with four years of observing, could 
detect planets about half the mass of Earth in a 
1 AU radius orbit about a sun-like star or a Mars 
mass planet in a Mercury-like orbits. Planets 
with orbital periods greater than two years are 
not readily detectable, since their chance of 
being properly aligned along the line of sight 
to the star is very small. Photometry is the only 
practical method for finding Earth-size planets in 
the habitable zone. 

For up-to-date accounting of all exoplanet 
discoveries, see The Extrasolar Planets Ency-
clopaedia at http://exoplanet.eu/

8.1 What factors make a planet 
habitable?

Geoffrey Marcy (right) and Paul Butler 
at Lick Observatory, where they made 
their first exoplanet discovery in 1987: 
70 Virginis b in the constellation Virgo 
and 47 Ursae Majoris b in the Big 
Dipper. (photo: Mickey Pfleger)

Chapter 8

http://exoplanet.eu/
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C.  Find reference star(s). Use the bright star 
about 45° to the upper right of HD209458 as a 
reference star. 

8.6. Using Aperture, measure and record the Counts 
of HD209458 and the reference star. Then divide 
the Counts for HD209458 by the Counts of the 
reference star to get the Count Ratio for each 
image.  Make a light curve for HD209458 by 
plotting the Count Ratio versus time (in min). 
Before graphing, look at the range of Count 
Ratios and optimize the range of y-axis values 
(maximum value just above the highest Count 
Ratio and the minimum value just below the 
lowest Count Ratio on the axis).

Investigation 

 Exoplanet Transits
Plot and analyze a light curve for a planet 

transit. Then, from transit data, find out critical 
properties of a planet that could make the 
planet habitable or not. 

Materials
• HOU IP software and computer

• 19 Images of star SAO_107623 *

These are 19 observations of a star named 
HD209458 during a transit. This was the very first 
star for which planet transits were observed.  
The planet had already been discovered by the 
spectroscopic method. The planet is known as HD209458b. Planets around a 
star are designated by a letter of the alphabet, with the star taking the letter 
“a” and each orbiting body taking a letter in the order of their discovery.  
Thus, HD209458b is the first planet discovered around star HD209458. Each 
image is really 20 or so images “stacked” on one another so that “noise” in 
the resulting image is kept to a minimum. 

 First let’s have another look at graph E of the light curves near the end 
of chapter 6.

8.2. What would determine how much dimming occurs during a transit of a 
planet in front of a star?

8.3. What would affect how long the transit lasts?

8.4. What would determine how often a transit occurs?

8.5. What properties of a planet could we tell from observations of transits?

I. Plot a Transit Light Curve 

This is a rather idealized light curve—most 
are quite a bit more rough or difficult to 
discern the brightness drop.

In order for a planet transit to be observed: 

• The planet’s orbital plane must be in line with 
our view of the star (as with eclipsing binary 
stars). 

• The planet must be large enough for us to detect 
a drop in brightness.  Earth based observations 
can detect a drop of 1% from a transit of a 
Jupiter sized planet.

With each of the nineteen images of HD209458, 
use the following procedure (like the Finding 
Supernova investigation—Chapter 6) 

A.  Find the time of each image from the Image 
Header Info. Find the difference, in minutes, 
between the observation time and the time of 
the first image (i.e. 10/20/2001, 3:06 UT).

B.  Identify the correct star on the image. Use your 
judgment (or a finder map if available). For the 
image set of star SAO_107623, the star that is 
the brightest is HD209458, so take some Counts 
measurements using the Aperture tool. 

Check the “Staying 
Up To Date” 
web pages for A 
Changing Cosmos 
chapter 8 
http://lhs.berkeley.edu/gss/
uptodate/10acc
 for possible new 
sets of images for 
Exoplanet Transits.
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DURATION 
8.7 If you do not have data for a full transit, is there any way you could 

still determine the transit duration? 

8.8 What was the duration of the transit you plotted in Part I?

8.9 Would the duration be the same for all transits of a given star-planet 
combination?

TRANSIT DEPTH
Transit Depth is the dip in the light curve.  This is the drop in 

brightness of the star as a planet passes in front of it.  

8.10 What is the Transit Depth (TD)—the maximum dip in brightness— of 
the transit you plotted in Part I, expressed as the ratio between the 
brightness before the transit and the brightness at the deepest point 
in the curve?

 TD  = fraction decrease in brightness of the star due to the transit

  = (B1- B2)/B1  or  (C1- C2)/C1 [B = brightness; C = Counts]

8.11 What makes it difficult to find the Transit Depth for this planet?

The transit depth (TD) is related to the size 
of the planet in a very simple way: the area of 
light blocked when the planet transits is exactly 
the area of the apparent disk of the planet. So, 
the ratio of area of planet disk to star disk should 
directly determine the drop in brightness.   

 TD = (area planet)/(area star)

 Since area = πr 2 , 

 TD  = (πrplanet 
2)/(πrstar 

2 )

 TD = (rplanet /rstar )
2 

8.12. What is the radius of planet HD209458b? 
First find the radius of star HD209458a (from 
Internet or clues from teacher or colleagues), 
and then use the transit depth equations in both 
II and III to find the radius of the planet]

PERIOD
8.13. What  does Kepler’s Third Law tell us about 

how the period of a planet is related to its 
distance from a star?

 One light curve cannot show the period of the 
planet. The star must be observed for many 
days, weeks or months in order to establish 
that the transits occur in a regular period.  

8.14. What is the period of planet HD209458b? 
(Use library or Internet search.)  

IV. Find the Distance of 
the Planet from its Star

8.15 Using Kepler’s Third Law, what is the orbit 
radius of planet HD209458b in  Astronomical 
Units? 

II. Examine the Light Curve

Size Matters
The size of the planet gives us crucial 

information about its possible habitability. It’s 
a little like the Goldilocks story. 

If the planet is too small (like Mercury 
or Mars), it will not have enough gravity to 
hold on to an atmosphere—gas molecules will 
escape the planet over a time-span of not 
many years in the lifetime of the planet-star 
system. 

If the planet is too large, it will retain a 
huge amount of atmosphere and have crushing 
atmospheric pressure, like the giant planets 
Jupiter and Saturn. 

III. Find the Planet’s Size
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Where R = star radius

  Rs = Sun’s radius

V. Conclusion—Is the 
Planet Habitable?

8.16. What factors besides distance from star 
might impact the temperature of a planet?

8.17 Is planet HD209458b habitable?  Justify your 
answer with results from parts I through IV of 
this investigation.

More advanced exoplanet investigation
Visit the TransitSearch website - http://www.
transitsearch.org - to find and download data on 
exoplanets with observed transits. Find the time 
between consecutive transit observations to find 
period. Find the transit depth. If possible, get 
information about the parent star to determine 
the size of the planet and its orbit radius. 

Visit the Sloan Digital Sky Survey (SDSS) web page on Calculating the radius 
of a star -  http://cas.sdss.org/dr6/en/proj/advanced/hr/radius1.asp. See the 
meaning and derivation of a formula that can be used to compute a 
star’s radius in relation to our Sun’s radius:

 R/Rs = (Ts/T)2(2.51)(ms-M)/2

Distance Matters
The distance of the planet from its star 

gives us crucial information about its possible 
habitability. Again, it’s like the Goldilocks 
story, but an even closer analogy, since the 
“soup” will be either too hot or too cold for 
life. More precisely, the temperature must be 
in the range to allow for liquid water, which is 
an essential ingredient for nearly all life forms 
that we know of. If the planet is too close to 
its star, all water vaporizes, and if the planet 
is too far from its star, water is all frozen.

b-v 
magnitude

Surface 
Temperature 

(Kelvin
-0.31 34,000
-0.24 23,000
-0.20 18,500
-0.12 13,000
0.00 9,500
0.15 8,500
0.29 7,300
0.42 6,600
0.58 5,900
0.69 5,600
0.85 5,100
1.16 4,200
1.42 3,700
1.61 3,000

  T = Temperature of the star

  Ts = Temperature of the Sun

  M = absolute magnitude of the star

 ms = absolute magnitude of the Sun = 4.83

To find out about the NASA mission to find 
Earth-size exoplanets, see  the Kepler mission 
website - http://kepler.nasa.gov

Relationship of b-v magnitude and temperature is in chart at left.

Absolute magnitude is

M = m - 5 log d + 5 

  Where d = distance to the star in parsecs.

Use the Hipparchos skyplot to find parallax, distance to star, 
and compute absolute magnitude - http://www.rssd.esa.
int/?project=HIPPARCOS&page=Sky_plot

Finally, visit the AAVSO website (http://www.aavso.
org) and look for any exoplanet “campaigns” 
that are there (e.g on http://www.aavso.org/
news/campaigns.shtml)

Find late breaking news and information about the 
Search for Habitable Planets at the Staying Up To 

Date pages for A Changing Cosmos:
http://lhs.berkeley.edu/gss/uptodate/10acc

Also, try getting names of stars known to have 
transiting exoplanets from http://exoplanet.eu/
catalog-transit.php (52 as of July 2008) and then 
do a search on the AAVSO website for any light 
curves they have for any of those stars. 

http://www.transitsearch.org
http://www.transitsearch.org
http://cas.sdss.org/dr6/en/proj/advanced/hr/radius1.asp
http://kepler.nasa.gov
http://www.rssd.esa.int/?project=HIPPARCOS&page=Sky_plot
http://www.rssd.esa.int/?project=HIPPARCOS&page=Sky_plot

