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Teacher Theme Notes

General Notes

The Berkeley Automated Supernova Search Project is the birthplace of HOU.  Dr. Carl Pennypacker realized this exciting scientific project could be implemented in such a way that high school students would be active collaborators.  The HOU Supernova Search program, in which classes adopt a group of galaxies to monitor for supernovae, is now becoming a reality.

This Theme is designed to teach the techniques used both implicitly in supernova search software and also explicitly by scientists to discover supernovae.  The techniques are the same ones used in searching for other variable brightness objects such as Cepheid Variable stars (see Measuring Brightness Module) as well as for other objects in the sky such as comets and asteroids.

Additional image processing tools not introduced in the Introduction to Image Processing Unit are:

Shift, Subtract, and Multiply in the Manipulation menu.

Sky, Axes and Find in the Data Tools menu.

Student Outcomes

Upon completion of this Theme students should exhibit competence in the following skills and concepts taken from the national goals and standards for math and science education:

1.  Classifying objects and identifying trends and patterns within a data set.

2.  Systematic use of technology to enhance image features for classification purposes.

3.  Familiarity with the phenomenon of supernovae.

4.  Questioning our place in the universe.

5.  Judgment on strong and weak conclusions to be drawn from collected data.

6.  Dealing with complex systems involving multiple factors.

Suggested Checklist for Assessment 

While a student is searching for supernovae on a CCD image, the following concepts and skills should be evaluated:

1.  Was the sky brightness subtracted?

2.  Were the x and y coordinates of the reference star determined correctly on each image? 

3.  Was the image shifted correctly in each direction?

4.  Was the image normalized correctly?


A.  Was the normalization factor determined correctly?


B.  Was the image multiplied by the normalization factor? 

4.  Was the image subtraction performed correctly?

5.  Was the positive or negative conclusion of the supernova search well justified based on the data?

Follow-Up and Assessment Activities

1.  Join HOU Supernova Search Project and monitor some galaxies searching for new supernovae.

2.  Design and implement an asteroid search project using HOU.

Image List:

Techniques for Finding a Supernova Unit 
m51fake1


m51fake2


m51fake3


m51nor

Supplementary Activity 2 
m51nor
Discover a Supernova Unit 
SNW

SNX


SNY


SNZ

Materials List   none

General Comments Related to Student Questions or Problems

1. After completing a search unit, students may not see the forest for the trees.  To discover a supernova involves a series of steps each of which tends to be fussy and difficult, at least initially.  As a result, students are working to understand the steps and to do them correctly.  In the meantime, they may lose a sense of why; i.e., looking for a supernova that is not visibly obvious in the image.  Questions to ask:  How does each step contribute to finding a supernova?  Or, conversely, what if you did not do a given step, or did it poorly?  Always going back to the point of the search.

2. When Shifting, enter offset values to the nearest hundredth of a pixel.

3. Using Auto Aperture after aligning the images, the center coordinates of the reference star in the two images often differ - as if the images were not aligned after all.  The reason for this discrepancy is because the center listed in Auto Aperture is a center of brightness while Axes gives the geometric center of the object. These are not necessarily the same.  To see that the images really are still aligned, use Axes again.

4. The background sky in the Difference image is typically very textured.  Why isn't it all uniformly zero brightness?  This question is one you might ask students. The background sky is not uniformly one brightness, so the result after subtracting an average Sky value is a scatter of plus and minus remainder brightness values.  This pixel by pixel variation, however, will not be the same in both images.  As a result subtracting one from the other produces the textured background sky.  

To see this scattered nature of the background sky, you can sample pixels using the cursor, noting the Counts listed in the Status Bar.  Another way is to Zoom box on a portion of the background sky and use Histogram in the Data Tools menu to see the distribution of pixel brightness.  The Bell curve of sky pixel Counts shows both the most common sky value, called the mode which is the Count for the peak of the curve, and the spread of values, which is the width of the curve.

5. When you look at the image from the difference file, some features may look as if they have a silver lining, such as spiral arms or a black crescent as if showing phases.  Asking students the reason for this is a good question.  This occurs if the alignment is still off.  If you think of the subtraction as two image transparencies on top of each other, there is under-subtraction where the upper image hangs over causing a silver lining because nothing is subtracted from the overhang and over-subtraction where the under image sticks out causing the black part because the subtraction is just from the sky.  This will occur if integer center values, given in Auto Aperture, are used instead of the decimal values from Axes to compute the offsets.  

6. Some students worry that all this shifting and normalizing is changing the data.  This is true for the displayed image, but it does not affect the image file data unless you specifically "Save" the changed image.  This option occurs upon closing an image window, and you decide to save the image under the same file name.

7.  Which images do you manipulate?  The choice differs between the Techniques and Discover Units.  This difference applies to revised versions of Discover after version 9/96.  In Discover each of the images is corrected to fit the reference image, SNX.  This makes the process of aligning and normalizing less cumbersome than choosing only to manipulate the reference image, which means having to realign and renormalize the reference image each time to fit each of the other three images.  The argument for only manipulating a reference image is that any important data showing a new supernova is on the new images and the less you mess with them the better.  However, you are not manipulating the original images, which are still on your hard disk as well as on the HOU web site, so the original data are not at risk.
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DISCUSSION SHEET

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.  An exciting recent discovery, SN1994I, was based on images taken by HOU students at Oil City High School in Pennsylvania.  Using HOU, you have the same tools professional astronomers use to search for supernovae by comparing images of the same patch of sky taken at different times.

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 spot supernovae by looking stereoscopically at two images at once.  Often, however, two images do not match very well, and it is necessary to use image processing tools in order to detect the presence of a supernova.  One reason the images may not match is because the telescope does not line up on the object exactly the same each night, so the images appear off-center with respect to one another.  Another reason is that observing conditions, such as cloudiness or background light, can change from night to night.  The image processing software through processes called shifting and normalization can deal with each of these.  After the images are properly shifted and normalized, 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.

Shifting Files

In order to align two images so they are ready for subtraction you need to use the Axes option in Data Tools and the Shift option in Manipulation.  What happens when you shift a file?  Below is a small section of an image file with brightness values given for the pixel locations to illustrate the result when the image processor shifts a file "to the right by 2":


Original File
Shifted Right by 2

107
108
50
100
102

0
0
107
108
50


106
108
60
90
100
---> 2
0
0
106
108
60


106
108
52
52
55

0
0
106
108
52

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.

Subtracting Files

When using the image processor, it is important to understand the difference between an image and its data file.  The data file consists of numbers that the image processor uses to find the brightness for each pixel in order to display the image on the screen.  You can manipulate the image, but this does not change the data file.  The image processor cannot modify a data file.  You can create new data files, however, by Saving an image under a new file name after making changes using image processing tools such as Data Tools and Manipulation.   

Once two images are aligned, you can subtract one from the other to see if there is a difference between them, such as the occurrence of a supernova.  What happens when you  use this tool for subtracting one data file from another?  You can think of each file as an array of numbers.  For example: 


0
0
0
0
0
0
0
0
0


0
0
0
80
90
75
0
0
0


0
0
50
108
132
100
66
0
0


0
64
112
109
130
166
120
50
0


0
0
106
113
52
112
116
0
0


0
0
0
0
0
0
0
0
0

Each number corresponds to the brightness of a part of the sky in the image.  By subtracting one file from another, you create a third file where each number in the array is the difference in brightness at that pixel.  For example:

     File to Subtract From  (a part of a data file might look like this; the whole file would be a much larger array) 


0
0
0
0
0
0
0
0
0


0
0
0
80
90
75
0
0
0


0
0
50
108
132
100
66
0
0


0
64
112
109
130
166
120
50
0


0
0
106
113
52
112
116
0
0


0
0
0
0
0
0
0
0
0

  –     File to Subtract   (a part of a reference data file might look like this)


0
0
0
0
0
0
0
0
0


0
0
0
80
90
75
0
0
0


0
0
50
108
132
100
66
0
0


0
64
112
109
130
106
60
50
0


0
0
106
113
52
52
56
0
0


0
0
0
0
0
0
0
0
0

=     Difference File   (then the difference file would look like this)


0
0
0
0
0
0
0
0
0


0
0
0
0
0
0
0
0
0


0
0
0
0
0
0
0
0
0


0
0
0
0
0
60
60
0
0


0
0
0
0
0
60
60
0
0


0
0
0
0
0
0
0
0
0

In this example the 60s in the Difference File are new brightness in the top file that did not exist in the reference data file.
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TECHNIQUES FOR FINDING A SUPERNOVA UNIT
Activity I:  Comparing Images By Subtracting

In this first example m51nor is an image of galaxy M51 as it normally appears.  m51fake1 includes a supernova that as been added or pasted into the m51nor image.  To find the supernova, 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.

Screen Setup: m51nor and m51fake1 with the contrast adjusted to show the spirals.

• With m51fake1 highlighted, select Subtract from the Manipulation menu.  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.
• With the Difference File window highlighted, get position and brightness data for the supernova using Auto Aperture by clicking on the tool Bar icon or selecting Auto Aperture the Data Tools menu and clicking on the supernova.

1. Record the data.  

Activity 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.  In this case, 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.

Screen Setup: m51nor and m51fake2. Adjust the contrast to show the spirals.

• 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.

• Select Axes from the Data Tools menu, click on OK and box a reference star in m51nor, (a star that appears in both images).  Repeat for m51fake2.

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

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.

• 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 Manipulation menu, enter your Offset values, and click on Display Result in New Window and OK.

• Verify that the shifted image lines up with m51fake2 by checking that the coordinates of the reference object are the same in both images.

• Subtract  the shifted  image from the fake image.

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

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

Activity III:  Adjusting for Brightness Differences

 Differences in brightness may be due to changes in the background light level, called "sky", such as the amount of moon light.  Different exposure times are another cause.  Background light is corrected for by subtraction; remaining differences due to factors such as change in exposure time are corrected for by multiplying by a Normalization factor.

In this section you will learn the two operations you must perform to correct for whole image brightness differences:

First subtract the sky value (background light) in each image.

Next multiply one image by the brightness ratio of the reference stars, called the Normalization factor.

Then you can subtract the resulting files to find the supernova.

Screen Setup: m51nor and m51fake3.  Adjust the contrast to show the spirals.

• First Subtract m51nor from m51fake3, and click on Display Result in New Window and OK.  You will need this image at the end of this activity.

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

• Subtract sky value from each image, entering the sky values for 'Number of Counts', Display Result in New Window, OK. 

Adjust brightness (normalization) in the two images.  

• First Select Auto Aperture in the Data Tools menu to get the brightness value for a reference star that appears in both images.  

• Calculate the Normalization factor, N, the brightness ratio of the reference star in the two images: no-sky fake/no-sky normal.

• Multiply no-sky normal by N, Display Result in New Window, OK. 

• Subtract this normalized image from the no-sky fake image.

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

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

Date: ______________
Name: ________________________

Answer Sheet

Techniques For Finding A Supernova Unit

1. Supernova data for m51fake1: 

2. Center (x,y) coordinates of my reference star in each image:

3. Shift of m51nor to match m51fake2:

right shift =
up shift =  

4. What happens if you do not align before subtracting:

5. Position and brightness data for the supernova in m51fake2:
6. What happens if you do not adjust for brightness differences:

7. Position and brightness data for the supernova in m51fake3:
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SUPPLEMENTARY ACTIVITY 2

THE IMAGE MANIPULATION CHALLENGE

In this game the challenge is to figure out how a file has been manipulated.  Working in small groups, each group manipulates m51nor and gives it to another group to "un"-manipulate.

THE RULES

1.  Begin with m51nor. 

2.  Any combination of the manipulation tools may be used:  

shifting, rotating, and/or flipping.

3.  No more than three manipulations are allowed per challenge.

4.  The answer must specify a sequence of manipulations.  For example:  right shift 50, rotate 90 degrees clockwise.
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DISCOVER A SUPERNOVA UNIT

In this activity you look at a series of images of a galaxy to detect the presence in that galaxy of an exploding star, called a supernova.  The supernova is SN1990H, which means it 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.

Activity I:  What Can You Tell By Looking At A Single Image?

Screen Setup: 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, often 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.

Galaxy cores and nearby stars tend to keep on being bright.  A supernova, on the other hand, changes brightness over time, initially flaring up and then slowly fading back to become indistinguishable.  In the visible light spectrum, the cycle from obscurity to obscurity typically takes anywhere from a couple of weeks to a couple of months.  This makes it possible to discover a supernova by comparing images taken at different times to see if a new bright object has appeared in the later image.  

1. Make a sketch of the SNW image showing the galaxy with its spiral arms, or use Print in the File menu.  Label the five or six bright objects A, B, C ... and put a check by the ones you think are likely candidates to be SN1990H.

Activity II:  What Can You Tell By Looking At Four Images?

Screen Setup:  SNW, X, Y and Z with the contrast adjusted to bring out the spiral arms in each galaxy.  Use the Tile option in the Window menu so you can see all four images.

2. Which bright object is the supernova?  (A, B, C ...) 

3. 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.

Activity III:  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.  Data Tools gives you a way to find a new supernova that is not obvious at first.  

The overall idea is to subtract an earlier Reference Image, one where there was no supernova, from a new image to see if there is a difference.  Objects that have not changed brightness should cancel each other out, and any bright object remaining should be a new source; i.e., a supernova.  Easy to say; somewhat fussy to do.  Here is what is involved:

Remove background skylight due to ground lights and moonlight.

Align the images to correct for differences due to telescope aim.

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

Subtract the Reference Image from the new image.

Identify any new light sources.

In order to make comparisons it is necessary to decide on a reference that everything else will be compared to.  In this case, 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.

Get Initial Data:

• Use Sky to get a median background sky Count for the whole image.  This background sky Count will probably differ from the one listed using Auto Aperture, which only gives the Count for background sky next to the star.

• To get the location for a Reference Star, use Axes and drag a box around the foreground star you have chosen.  Do this for the same star in each image.

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

Remove the Skylight:

• Subtract background skylight from the images in order to remove background skylight from ground lights such as city lights and from moonlight. Use Subtract in the Manipulation 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.

Align the Images:
• Correct for telescope aim using Shift in the Manipulation 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 off sets to two decimal places.

Normalize the Images:

Correct for differing observing conditions due to haze and high thin clouds that block out light before it reaches the telescope.  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.  

5.  Using the Reference Star, calculate the Normalization Factor for each image:

 EQ \F(brightness of reference star in reference image, brightness of reference star in new image) 
• With the new image highlighted, go to Multiply in the Manipulation menu.  For ‘Number of Counts’ enter the value of your Normalization Factor. 

Subtract Images:

• With the new image window highlighted, subtract the Reference Image from the new image using Subtract in the Manipulation 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 Data Tools menu.

6. Record the brightness of the supernova.

Activity IV:  Plot a Supernova Light Curve for SN1990H

Normally you could look under 'Date-Obs' in Image Info in the Data Tools menu to see when each image was taken.  In this case the dates are all listed as 0/0/0, which is the zeroeth day of the zeroeth month in the zeroeth year.  That is not correct.  The dates for the four images are as follows:  

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

7. Using the brightness Count values you got in Activity III for the supernova in each of the new images, plot the points for brightness in Counts versus week.  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.

Date: ______________
Name: ________________________

Answer Sheet

Discover A Supernova Unit

Activity I

1. SNW image showing the galaxy with its spiral arms and five or six bright objects A, B, C... with a check by the ones I think are likely candidates to be SN1990H.

Activity II

2. Which bright object is the supernova  (A, B, C ...):

3. What I think is the proper order of SNW, X, Y & Z and why:

Activity III

4. My Reference Star:

5. Normalization factors, using C for Counts.

Cx/Cx = ______ / ______  = 1
Cx/Cy = ______ / ______  =  ___

Cx/Cw = ______ / ______  =  ___
Cx/Cz = ______ / ______  =  ___
6. Brightness of the supernova in each of the images:

Supernova in SNW:

Supernova in SNY:

Supernova in SNZ:

Activity IV

7. Plot of brightness in Counts versus week. 

0 (SNY)
2 (SNW)
4 (SNZ)
6 (SNX)

W e e k 
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Activity Teacher Notes

Techniques for Finding Supernovae Unit
While the Discover a Supernova Unit can be thought of as an alternative to using this Techniques Unit, many teachers use both, starting with the Techniques Unit and followed by the Discover Unit.  This gives the students more practice with the concepts and processes involved, which teachers have said is important.  Using both can still be done in a week plus a day or two.  Both units aim to give students familiarity with the processes utilized for finding a supernova.  The Techniques unit breaks down the steps involved so that students work with them one at a time, each time using an image in which only that step is required in finding the supernova.  The set of M51fake images, all of which are of galaxy M51, The Whirlpool Galaxy, have a bright 'new star' added, thus their name fake.  The M51nor image is a normal image of M51.

The order of steps introduced is as follows:

Activity I:  Subtracting to reveal a new star that was not seen in the previous, normal image.

Activity II:  Aligning the two images so they line up before the subtraction is done.

Activity III:  Adjusting for Brightness Differences due to changing observing conditions before subtracting images, subtracting background sky from both images and multiplying the reference image by the Normalization Factor.  In this activity, the images are already aligned.

Discover A Supernova Unit

The four images used in this unit are of supernova SN1990H, the eighth supernova discovered in 1990.  In this unit students work with all the steps together that are needed for searching, rather than breaking them down into one step per image as The Techniques Unit does.

Activity I:  What Can You Tell By Looking At A Single Image?
One example of settings to enhance the contrast is Min/Max = 895/1650 with no Log scaling.  This is an example of settings that work - not the only answer.  The point is to bring out the spiral arms but not whiteout the galaxy core.

Activity II: What Can You Tell By Looking At Four Images?
Examples of Min/Max settings to bring out the spiral arms, without Log scaling, are:

SNW:  895/1650     SNX: 1500/2400     SNY: 150/750     SNZ:  285/985

The supernova is the bright object at (192,256) in SNW.  It is dimmest in SNX, which means this image must be either the first one taken, before the supernova appeared, or the last one, after it had faded away.  In fact, it is the latter. 

When you use Tile to arrange windows, they are made smaller if necessary to fit all on the screen.  To restore, click on the up-arrow or box, called the Maximize button, in the top right corner of the window.  In order to have room to expand back to the original window size, the window needs to be away from the bottom and right edges of the screen.  For these four image windows, you need to Maximize, or scroll, in order to see the bright star near the bottom right corner of the window. 

Activity III: Subtracting Images to Find a Supernova
Here are the background sky brightness values using Sky, and the coordinates of a reference star candidate at about 7 o'clock, using Axes.  This is the information you need for the first two steps, Subtract Sky and Align.

SNW:   Sky: 943    Center: (118.87, 197.95)

SNX:    Sky: 1587  Center: (115.29, 114.98)

SNY:    Sky: 177    Center: (116.18, 111.00)

SNZ:    Sky: 335    Center: (94.95, 90.01)

Here are the Auto Aperture Results for the reference star candidate at about 7 o'clock.  These are the brightness values you need in order to calculate the Normalization factor.

SNW: Aperture: (119,107)


Brightness: 23520
Sky: 943

SNX: Aperture: (115,115)


Brightness: 28695
Sky: 1587

SNY; Aperture: (116,110)


Brightness: 19288
Sky: 176

SNZ: Aperture: (94,90)


Brightness: 21873
Sky: 333

Shift 

To correct for telescope aim, use the center coordinates from Axes to align each image with the Reference Image.  For example, if the star in SNW at (118.87, 197.95) is the Reference Star, that same star in SNX is at (115.29, 114.98).  With SNW in the active window, using Shift and entering  “-3.58” for the X Offset and “+7.03” for the Y Offset, aligns SNW with SNX.  

After aligning there are two corrections for observing conditions: 

Subtract Sky to take out the background sky light. 

Normalization  

Multiply the image by the Brightness Ratio, called the Normalization Factor, to correct for haze or high thin clouds.

To calculate the Normalization Factor:

  EQ \F(Reference Star in the Reference Image,Reference Star in the New image)   
Using the brightness Counts from Auto Aperture and again using the star in SNX at (115,115) as the Reference Star, the Normalization Factors are:

Cx/Cx = 28695/28695 = 1
Cx/Cy = 28695/19288 = 1.49

Cx/Cw = 28695/23520 = 1.22

Cx/Cz = 28695/21873 = 1.31 


NB:  These normalization factors are for revised versions, 9.1/96 and later.  The normalization factors in the earlier versions are the inverses of the ones shown here.

Subtract Images

Here are examples of Min/Max values to adjust the contrast in the subtracted images:

For (SNW - SNX):  -683/242

For (SNY - SNX):  -1000/250

For (SNZ - SNX):  -1300/1550.  This adjustment can take a lot of trial and error.  

Look for a Supernova
Using Find, and ‘Perform Sky’ and ‘Sky + 4 * deviation’ worked for the original SNW,X,Y,Z.  Find does a search for bright objects with a pixel Count greater than the sky value plus four times the deviation in sky values.  In the subtracted images, however, this default setting finds too many objects.  For these, Thresholds of 200, slightly below the Max settings, worked well.

Using Find on the difference files, here are the values for the brightness of the supernova.  

Supernova in SNW  : 23273

Supernova in SNY  :  34176

Supernova in SNZ  :     5586 

The shape of the light curve is important for classifying the type of supernova.  SN1990H was a Type I supernova.  More information about supernovae and further activities are included in the Brightness Theme section.
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