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Part 1:  ImageJ Exploration
GOAL:  You will explore how a picture is created by pixels and how to enhance it.

1. Open the ImageJ program on your desktop and go to File>>Open>>Phases of the moon.

2. Click on the moon phase named “Full Moon.”
3. Place the curser on the picture and observe what happens to the x and y numbers at the top as you move the curser vertically and horizontally over the picture.  Answer the following questions on your worksheet.
a. What does the X represent and in which direction does it increase?

b. What does the Y represent and in which direction does it increase?

c. What does the word value represent?

4. On the ImageJ toolbar, click on the magnifying glass.

5. Move the curser onto the moon picture and click a few times.

a. Record what you observe.
b. How many times can you magnify the picture to its maximum size?

c. What happens to the picture as it enlarges?

d. Explain the meaning of pixel.

6. Double click on the magnifying glass on the toolbar to return the picture to its original size.

7. On the top of the ImageJ toolbar, click on Process>>Enhance Contrast>>ok.  What did you notice?

8. Go to Edit>>Undo to return to the original picture.  

9. Keeping the full moon picture, go to Analyze>>Histogram and write your observations.
10. Observe two or three additional moon phases and their histograms.  How does each compare to the full moon phase?

11.  Close out each moon phase picture.
Part 2:  Creating An Animated Stack 

GOAL: You will properly sequence the moon phases and create an animated stack of pictures to show change.
1. On the ImageJ toolbar, go to File>>Open and click on Phases of the Moon folder.  There should be twenty pictures with each phase named.

2. Beginning with the New Moon phase, open each individual picture and stack it on top of the previous picture until you have opened all twenty pictures.  Your final moon phase picture will be the Waning Crescent 4 picture.  Be sure you open and stack the pictures according to the correct sequence.
3. Next, click on Image>>Stacks>>Convert Images to Stack which will automatically arrange all your pictures into one screen.

4. Using the slide bar at the bottom, slowly move it to the right to view all of the moon phases and check the sequence.
5. To animate the stack of moon phases, go to Image>>Stacks>>Start Animation.

6. In order to change the speed of the animation, go to Image>>Stacks>>Options and try a few different speeds.  What speed is best for viewing your animation?

7. To end the animation, click on Image>>Stacks>>Stop Animation.
Part 3:  Measuring Distance
GOAL:  You will measure distance using the line drawing tool on the ImageJ toolbar.

1. Open the Moon folder by clicking on File>>Open>>Phases of the Moon and click on the full moon picture.

2. Using the line drawing tool, measure the diameter of the full moon by clicking and dragging the line across while holding the shift key down.  This will keep the line straight.
3. On the tool bar, go to Analyze>>Set Scale.  What is the number of pixels? Change the known distance to 3476, since this is the diameter of the moon in km, and the unit to km and click ok. Go to Analyze>>Measure for the screen showing the length value. What is the length? Close the box and click Don’t save. Click outside the picture to clear the line.
4. With the line tool, make a vertical line from the top of the moon to its center to find the radius.  What should the radius be? Go to Analyze>>Measure and record your actual number. How does your number compare to what the radius should be?
5. Try again to find the radius with greater accuracy if your first attempt was unsuccessful.  Clear your line and close out the picture.
Part 4:  Measuring Area
GOAL:  You will measure area using two different methods.
Method 1

1. Go to File>>Open>>Phases of the Moon and choose the full moon picture. 

2. On the toolbar, click on Analyze>>Set Scale and change the known distance to 3476 and the unit to km.  
3. Next, choose Analyze>>Set Measurements, click the area box, and click ok.
4. To measure the area of the full moon, you may choose the circle tool to completely outline the picture.  Go to Analyze>>Measure.  What is the area?  Close the picture.
Method 2
1. Open the full moon picture and go to Image>>Type>>8 bit which will convert the image to grayscale.  Encircle the full moon with the circle tool.
2. Go to Image>>Adjust>>Threshold and check to make sure the color is red.  Slide the upper and lower bars until the moon picture is completely red and the background is black.  Record the numbers found on the upper and lower bars.
3. Next, go to Analyze>>Set Scale and change the pixels to 433, the known distance to 3476, and the unit to km.
4. Click on Analyze>>Measure and record the area on the chart.  How does this number compare with the area you determined using Method 1?

Part 5:  Measuring Area of Moon Phases
GOAL:  You will measure the lit portion of eight phases of the moon using method 1 and save the results.  
1. Go to File>>Open>>Phases of the Moon and open the picture of the full moon.  

2. Repeat the steps used in Method 1 to Set Scale and Set Measurements. This time, use the polygon tool to outline only the moon’s surface that is lit.  You will need to click and drag the line in small segments until the entire perimeter is outlined.  Remember to go to Analyze>> Measure.  The area measurement will appear in the Results chart which you may move over to the right of your screen.
3. You will collect data for each of the phases listed below by clicking on File>>Open>>Phases of the Moon, outlining the perimeters with the polygon tool, and selecting Analyze>>Measure.  Please follow the moon phase sequence exactly.
· Waning Gibbous2
· Third Quarter

· Waning Crescent3
· New Moon 

· Waxing Crescent2
· First Quarter

· Waxing Gibbous2
4. Save your results.  Go to File>>Save as>> and name the file: Area Results.xls.
Part 6: Graphing Data with Excel
GOAL:  Using the Excel program, you will create a spreadsheet of your area measurements and graph your results.
1. Select File>>Open>>Excel and open your Phases of the Moon folder.  Now open your Results chart.  Click Next.  Make sure General is selected, and click Finish.  
2. Column A will show numbers 1-9.  Name each cell in column A with the previous phases, beginning with the full moon.  Area data should appear in column B.

3. Highlight cells 2A—9B and click on the Chart Wizard icon on the bar above.  
4. Follow the steps outlined below.
· Step 1:  Select Chart type:  Line

· Diagrams of lines are found on the right.
· Under Chart sub-type, select line with markers displayed at each data value.

· Look in the box below for the description of the type of line.

· Step 2:  Chart Source Data

· Tab Data Range and leave as is.

· Series in:  column

· Step 3:  Chart Options

· Chart Title:  Lit Area of Moon Phases>>Next

· Category (x) axis:  Moon Phase>>Next

· Category (y) axis:  Area of lit surface (km)>>Next

· Step 4:  Chart Location

· As object in Area Moon Phase with Graph.xls

· Check box:  Append and File Extension
· Finish

       5.  Open Moon Phase folder and save.

