
The Expansion Rate of a Supernova Remnant – a js9 activity 
 

Purpose: To analyze observational data of a supernova remnant to determine the expansion 
velocity. 
 
Every 50 years or so, a massive star in our galaxy blows itself apart in a supernova explosion. 
Supernovas are one of the most violent events in the universe, and the force of the explosion 
generates a blinding flash of radiation, as well as shock waves analogous to sonic booms. In this 
activity, we will be studying Cassiopeia A, a well-known supernova remnant located about 11,000 
light years from Earth.  Cas A is a type II SNR produced by the catastrophic collapse of the core 
of a massive star. 
 
In the compositie X-ray/optical image to the right, the 
blue, outer region of Cas A shows the expanding blast 
wave of the explosion. This forward shock is 
composed of shock waves similar to the sonic booms 
generated by a supersonic aircraft.  An inner shock 
wave is believed to be due to the collision of the ejecta 
from the supernova explosion with a circumstellar 
shell of material (CSM), heating it to a temperature of 
ten million degrees. The bright object near the center 
may be the neutron star that remained after the 
explosion that produced Cas A. Watch a movie here. 
 

 
The expansion rate of the remnant 
has been used to estimate how 
long ago the explosion occurred, 
but is the expansion rate constant 
and do all parts of the remnant 
expand at the same rate? Let’s 
examine the data from two 
observations of the Chandra X-
Ray Observatory taken about ten 
years apart with the same 
observational parameters. 

 
Features of Cas A, white and blue represent 
SN material, red the CSM,    Koo and Park, 

2017 

 
 

 

Cassiopeia A in X-ray and optical light. 



Procedure: 
 
Finding the average velocity of the forward shock 
 

1. Go to https://chandra.si.edu/js9/. 
 

2. In the js9 window on the left, go to File>close>this image. 
 

3. Click ”The Unofficial Chandra Archive Search Page” button and type “5320” in the ObsID 
box and click “Search.” Click the 5320 link under “ObsID” in the results. 
 

4. Drag the link “acisf05320N004_cntr_img2.fits.gz” to the js9 window and then 
Zoom>zoom 1/2. 
 

 
 

5. Repeat steps #1-4 to load the 2014 observation with ObsID 14481. Go to File>separate> 
separate these images to put them side by side.  

 
6. The expansion center of Cas A was determined by a previous study to be RA = 23h23m27s, 

Dec = 58°48’49” (Thorstensen et al 2001). Convert right ascension and declination to 
degrees in decimals as follows.  Record this in the data section. 
 

RA: (hours + minutes/60 + seconds/3600) X 15 
Dec: degrees + minutes/60 + seconds/3600 

 
7. In the window on the left, go to Regions>circle. Click on the green region to select it.  Go 

to Regions>selected region. Next to “edit” enter your RA and Dec from step 6 and then 
click “apply” and close the window. Repeat this on the other window. 

 



8. The size of the regions can be changed 
by moving your cursor over a corner 
until it changes to an arrow and then 
dragging. Change the size of the 
region (keeping it on the center of 
expansion) so that it approximately 
tangent to a segment of the forward or 
outer shockwave. Make sure the cursor 
is an arrow and not a cross or you will 
end up moving the region.  If you 
move the region by accident, reset its 
position as shown in step #7. 
Examples of such segments are shown 
in the image to the right from another 
observation. Do this for both ObsID 
5320 and ObsID 14481.  Go to 
Regions>list and record the radius of 
the region which is the last number in parentheses in arcsec (“) for each image.  Subtract 
these radii to get the expansion distance of this shockwave segment. Repeat for a total of 
10 segments or more. If you wish, you can go to File>Print and mark and number your 
own sections on the image. See the Addendum for suggestions on highlighting features of 
Cas A to help with this analysis. For this particular step, try Color>grey and Scale>Log. 
 

9. Convert the distance from Earth to Cas A from light years (see the Data/Analysis section 
below) to kilometers where 1 ly = 9.461 X 1012 km.    

 
10.  Convert the expansion distances from arcsec to km using the small angle formula. 

 
d = (qarcsec) X D / 206265 

where D = distance to Cas A in km, q = expansion in arcsec 
 

11. Find the time in seconds between the start dates for the two observations (see data) using 
https://www.timeanddate.com/date/timeduration.html.   

 
12. Find the expansion velocity of each segment (v = d/t) using the distances from step 10 and 

the time between observations from step 11 and then average them. 
 

  

DeLaney and Rudnick, 2002 



Finding the average velocity of jets 
 

 
Credit: NASA/CXC/GSFC/U.Hwang et al. 

 
13. In the image above, you can see a large jet beyond the forward shockwave in the upper left 

and, in the enhanced silicon image, a counter jet in the lower right. Repeat the process for 
finding the average velocity of the forward shock to that of regions in the jets.   

 
 

Data/Analysis:  
 
Note:  If you are familiar with spreadsheets, set one up to do the repeated calculations. The radii 
from step #9 can be highlighted, copied and pasted into the spreadsheet. 
 

ObsID RA Dec Exposure time (ks) Start date 
5230 23h 23m 26.70s +58°49’03” 54.0 5/5/2004 time  22:59:36 
14481 23h 23m 26.70s +58°49’03” 50.0 5/12/2014 time 02:50:54 

 
Expansion center:   RA = 23h 23m 27s =  _________________ deg in decimals 
   Dec = 58°48’49” =  _________________ deg in decimals 
 
D (distance to Cas A) = 11090 light years = ____________________ km 
 
Time between observations = _____days _____hours _____seconds = ____________ s  



Forward Shock 
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Jets 
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 Conclusions: 
 

1.  How does the mean or average velocity of the forward shock compare to that of the jet? 
 

2. Discuss experimental error in your values.  Remember also that you are looking at a two 
dimensional image of a three dimensional object. (Check out some cool 3D animations of 
Cas A here.) 

 
The proper motion of the SN material could give an estimate 
as to its age, however, the forward shock has experienced 
significant deceleration due to the interaction with the 
ambient medium. To the right is an image showing fast 
moving knots (FMKs) in Hubble Space Telescope images. 
Red, green and blue open circles indicate knots with strong 
[NII], [OII], and [SII] line emissions, respectively. These 
FMKs are denser and have experienced little deceleration.  
 

3. Go back to your 2014 observation in js9.  Use a region 
centered on the expansion center to measure the 
diameter of Cas A.  Using the small angle formula, the 
radius of Cas A and your mean velocity results, 
determine a method for finding the age of Cas A.  
Explain your method and show your calculations. 
What assumptions are you making? 

 
Extensions: 
 
From Koo and Park, 2017: 
 
Two possible historial records of the Cas A supernova: 
 
A record from Korean astronomers reports that a guest star appeared at the first star in the west of 
Wangyang on December 4, 1592. In the next three months, the location of the guest star was 
consistently described as ‘inside the first star in the west of Wangyang .’ The westmost star in the 
constellation of Wangyang  is b Cassiopeia (b Cas). The angular distance between b Cas and the 
expansion center of Cas A is 5.9° . 
 
In 1680 (Gregorian calendar), John Flamsteed, the first Astronomer Royal of England, catalogued 
a nonexistent 6th magnitude star in the constellation Casseopeia. This star is about 10 arcmin off 
Cas A and has never been observed again. 
 

1. There are some interesting conjectures as to whether or not the supernova explosion of 
Cas A was observed.  Do some research.  What can you find?  What are accepted values 
for the date of this explosion? 

 
 

Fesen et al, 2006 



From The Latest Look at "First Light" from Chandra 

“As the (forward) blast wave travels outwards 
at speeds of about 11 million miles per hour, it 
encounters surrounding material and slows 
down, generating a second shock wave - called 
a "reverse shock" - that travels backwards, 
similar to how a traffic jam travels backwards 
from the scene of an accident on a highway.  

These reverse shocks are usually observed to be 
faint and much slower moving than the blast 
wave. However, a team of astronomers led by 
Toshiki Sato from RIKEN in Saitama, Japan, 
and NASA’s Goddard Space Flight Center, 
have reported reverse shocks in Cas A that 
appear bright and fast moving.” 

 
 
 

2. The image above shows areas of reverse shock (green boxes) studied by Sato et al, 2017. 
Use the techiques learned in this activity to study the reverse shock yourself.  Record 
your data and findings. 

 
 
ADDENDUM:  Suggestions to highlight features of Cas A to help with this analysis. 
 

1. Try various colormaps under Color. Also try Color>Invert. 
 

2. Contrast refers to the rate of change of color with color level. Contrast is adjusted by 
dragging the left mouse button or two fingers on a touch screen vertically in the display 
window. Try this and watch the color bar. 

 
3. Bias refers to any offset added to the color levels before the color map is applied. In other 

words, it determines where the color changes start. Bias is adjusted by dragging the left 
mouse button or two fingers on a touch screen horizontally in the display window. Try this 
and watch the color bar. 

 
4. Go to Color>reset contrast/bias. Notice that you can also change contrast and bias here 

by entering numbers.   
 

5. Try different scales (Scale>linear, Scale>log etc). 
 

6. In either window, go to WCS>wcs reproject and choose the other image to line them up 
if necessary. 

Image difference in the 4.2–6 keV band of Cas A between 2000 
and 2014, Sato et al 2017 
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The Expansion Rate of a Supernova Remnant – partial answer key 
 

There is no full answer key for this investigation. The idea of this exercise is to introduce students to the 
methods used by scientists to study the expansion of supernova remnants. Students will not have access 
to all the statistical tools used by scientists and making sure the same spot on a region is being measured 
from one observation to the next can be tricky.  Students are also just looking at a small sample of data. 
 
Estimating the expansion velocity of the forward shock in Cas A: 
 
Here is a screenshot of some sample data taken in this activity with js9 (for images 10 years apart) and 
the calculations to find the expansion velocity of the forward shock.  The region numbers correspond to 
those in the image and table underneath by Delaney and Rudnick, 2002 which used images 2 years apart. 
 

 
 

 



Estimating the age of Cas A from knots in the jet: 
 
Again, here is a screenshot of some sample data taken in this activity with js9.  Please note that these 
knots are in x-rays whereas the following data from Fesen et al, 2006 examines optical knots. 
 

 
 
From Fesen et al, 2006 
 
“When the proper motion extrapolations 
are replaced with predicted knot proper 
motions based solely on March 2004 knot 
positions and the COE [center of 
expansion], a structure of opposing jet 
features and north and south gaps appears 
even more striking (Fig. 2, bottom panel). 
The circle in the figure marks a radial 
distance of 200ʹʹ from the COE 
corresponding to a proper motion of 0.ʹʹ625 
yr−1  for an age of 320 years and an 
implied≃10,000 km s−1  transverse velocity 
assuming a remnant distance of 3.4 kpc.” 
 
“Age Estimates Assuming No Knot 
Deceleration : The average arrival date for 
the 1825 outer knots with undecelerated 
extrapolated arrival dates between 1580 
and 1750 is 1662±27 yr. This is consistent 
with that estimated by Thorstensen et al. 
(2001) who found an undecelerated 
convergent date of 1671.3±0.9 based on a 
sample of 17 especially long-lasting knots 
for which archival imaging data were 
available covering a time span of up to 50 
years.”  
 


