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Calculating the Age of a Planetary Nebula
The object imaged by the Faulkes telescope for this activity was the planetary nebula (PN) commonly known as the Ghost of Jupiter nebula (NGC3242). A planetary nebula is the remnant of a star about the size of our Sun. This star has fused all the material it can and has ended its life by puffing off its outer layers. This has left a shell of expanding gas and a slowly cooling remnant of the stellar core called a white dwarf. We can determine how long it has been since the star formed this planetary nebula by following the steps outlined on the previous page.

In this activity we will do our measurements on paper. An image of NGC3242 is included in appendix B and we will use a printout of this, a ruler and a calculator. It is possible to make these measurements on the computer and if you wish you can try this as an extension activity.
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Part 1
    Ok, be patient and read through all the instructions in part 1 carefully before you start.
a) Obtain a paper copy of the image of NGC3242 in appendix B. The image should measure 15cm on each side. Using a ruler measure the size of the main shell of gas in the direction of the two headed black arrow shown in the image below and record your measurement here _______. This will give us the apparent size of the PN as seen from Earth.
In the image below you can see a bright central spot (the white dwarf) and a bright non-circular main shell surrounding the white dwarf. There is also a larger faint shell of gas visible which is probably gas that was lost by the star during its red giant phase.


Note: There are some assumptions we are making at this point. We are assuming that the shell of gas that defines the formation of the planetary nebula is the one that is indicated in the image to the left as the main shell. We are also assuming that the expansion velocities we obtain for this nebula are for the shell we are measuring.
These assumptions are complicated by the fact that this nebula is probably not spherical and it is hard to tell what shape it is. Many PN are shaped like an hourglass and there does appear to be some non-spherical shape from the image to the left. As an extension activity take a look at some other examples of PN and take note of the variety in their shapes.
b) Now you also need the reference data we have obtained for this PN using the method outlined in appendix A. The average distance to this PN is 0.9 kpc (kilo parsecs) and the average expansion velocity is 20.13 kms-1.
c) We now need to do some conversions of our data to allow us to do our calculation.
Firstly we need to convert the distance into km. 1 pc (parsec) = 3.0857 x 1013 km and 1 kpc = 1000 pc so convert 0.9 kpc into km and record the value here









       ______________________.
Secondly we need to convert our measurement of the diameter of the PN in cm to a measure of angle called radians (rad). Distances across the sky are measured as angles and on the image in appendix B every cm = 9.173 x 10-5 rad. Use this conversion to calculate the angular diameter of the PN in radians and record your value here








   ______________________.

Part 2   Once you have finished part 1 it’s time for the final calculations. Follow the steps fully.

To do this calculation we can use the mathematics for a segment of a circle shown in the diagram to the right. The relationship between the length of the arc of a circle (l) and the radius (r) and the angle the arc subtends (( ) is shown in the equation l = r(.
In our situation l is the actual radius (in km) of the main shell we measured in step a) of part 1 and we will calculate this using l = r(. The angle (  is going to be half the angle we calculated in step c) of part 1 because we measured the angular diameter of the PN and we need the angular radius. The radius r is the average distance we listed in step b) of part 1 and we need it in km which we worked out in c) of part 1.
d) Use the information in the paragraph above to assign the appropriate values to r and ( and record them below.

r = ___________________ and ( = ___________________
e) Using l = r( calculate l in km in the space below.
l = ___________________
f) The last step is to apply the formula below to calculate the age of the PN. For this calculation you need to use the value of l you calculated in step e) of part 2 (above) and the expansion velocity we listed in step b) of part 1. As an extension activity you can try deriving this equation (hint: it is essentially a rearrangement of the equation speed = distance / time)
Dynamic Age (t) = Actual radius (l) / Expansion Velocity (v).

t = ___________________

You will get an answer in seconds. Your final task is to convert this to years for convenience (hint: work out how many seconds in a year and then convert).

… and the answer is _______ years since this star became a planetary nebula.

Did you get about 2000 years? If not check through your calculations with others and see if you can find what went wrong. The reference values for the age of this PN vary from 1200 to 1700 years. Considering the range of reference values available do you think your value is reasonable?

Congratulations, you have once again done the work that a professional scientist might do. Well done.

Appendix A
How to find the expansion velocity and distance of a planetary nebula.
1. Visit astronomical databases like the ones listed at the top of http://cdsweb.u-strasbg.fr/ and input the catalogue number of the object you have imaged (in this case NGC3242) or the RA and DEC of the object.
2. You will probably be able to find more than one value. For this activity I found several and took an average.
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Calculate the age of a planetary nebuia (PN) using

measUrements from an image and reference data

step 1

Obtain a clear image of a PN shawing the central star
and the expanding shell of gas. Alsa abtain

reference values for the expansion rate and distance

of the PN

Step 2
Print an image of the PN and measure the
angular size of the expanding main shel of
the PN

Step 3
Calculate the actual distance the shell of
gas has expanded and divide this by its
expansion rate to calculate the time the
shell has been expanding

Step 4
Compare the results with reference values to
determine the accuracy af your value





Notes:
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