





THE CRAWL OF THE CRAB -2

(Computer-based Version)

Introduction

Two images of the Crab Nebula supernova remnant, taken 43.75 years apart, clearly show the expansion of the ex-
plosion. In this exercise, you will determine the age of the Crab by measuring how much it has expanded over that
period of time. You will convert the amount of expansion to a rate of expansion, and from there work backwards
to determine the date the star exploded, the birthday of the Crab Nebula.

Procedure:

First, examine both images. They are presented in grey scale (what most people erroncously call “black and white”),
and are reversed such that bright objects like stars are black, and dark objects like the background sky appears white.
This is an old astronomer’s trick to make faint detail easier to see. You can see that the gas is not smooth; there are
filaments and knots of gas strewn throughout the nebula.

One image was taken in February 1956, and the other in November 1999. Both images look similar at first glance,
but if you look carefully you'll see some differences. The nebula itself has changed during the time interval between
the two images. It is this change that you will measure, and from that determine when the Crab was born.

Some tips before you begin:

a) Gettinga useful cursor shape: In most image display packages, the shape of the cursor depends
on what tool you are using (cropping, pen, shapes, etc.). Some of these make it easier to see your
cursor position than others. It may be easier to read the cursor position by clicking on different
tools, such as the crop or pen tool. There is no “correct” tool, so just try different tools to see
which one works best for you. In GIMP, the cursor shape default is a paintbrush that is a filled-in
black circle of size 11 pixels.

b) How to read the cursor pixel position in GIMP:

The position of your cursor in pixels is displayed in the lower left corner of the screen. If you
click on the point, it will mark it with the shape chosen by the cursor, so you can refer to it later
and try to remeasure it.

c) The Excel spreadsheet with this lab will be used to calculate distances between objects in the
images for you and may also be used to complete the entire activity (depending on how your
instructor has arranged things). Make sure you record all the calculations you do by hand on the
student worksheet.

d) It will be easier to do a careful job of measuring the knot positions if you enlarge the image to
at least 100%.



Part I)

On both images, there are 10 knots of gas marked.
Starting with the image from 1956, carefully mea-
sure the X and Y coordinates of each knot. Repeat
these measurements for the 1999 image. (Note:
you can open both files at once in GIMP.) Some
of the knots are extended, or spread out a bit. For
knots like that, pick an obvious feature to measure,
like the center of the knot, or the edge on one
side. Make sure you pick the same feature in both
images! Otherwise your measurements will not be
accurate.

Part II)

The position of the pulsar has already been filled
in for you in the spreadsheet — check to make sure
that your measurements agree before filling in
values for the knot positions.

Tip: measure each knot in both images before go-
ing on to the next knot, rather than measuring all
the knots in one image and then in the other. That
way, you can be more consistent in the way you
measure each knot. Another tip: it might help to
measure the knots on the 1999 image first, since
it has better resolution, and shows the structure
of the knots more clearly. A third tip: sometimes
measuring to the edge of a knot is easier than
measuring to the center.

The Excel spreadsheet will automatically calculate the distances from the pulsar for the various knots using the following
formula:

Distance = ((X position of knot- X position of pulsar)®+ (Y position of knot- Y position of pulsar)*) *

The following parts may or may not be provided in the Excel spreadsheet,
depending on the choice of your instructor:

Part III)
The Excel spreadsheet calculates the exact number of years that have passed between the time the first and second
images were taken. The spreadsheet will also calculate the expansion rates for every individual knot using the fol-

lowing formula:

(Distance from pulsar in 1999-Distance from pulsar in 1956)/ Elapsed time

Part IV)
The Excel spreadsheet calculates the age of the nebula for each individual knot based on the following equation:

Age = Distance from pulsar in 1999/ Expansion rate

Final)

The Excel spreadsheet gives you the average calculated age of the supernova remnant and the year which it exploded.
How does this compare to the actual observed year of 1054 AD?



