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Measuring the Distance to SN 1987A – Supernova 1987A

Practical exercises in astronomy using observations from the NASA/ESA Hubble Space Telescope

 X e r c i s e   



The Hubble Xercise Series

Astronomy is generally considered to be an acces-

sible and visual science, making it ideal for educa-

tional purposes. Over the last few years the 

NASA/ESA Hubble Space Telescope has presented 

ever deeper and more spectacular views of the Uni-

verse. However, Hubble has not just provided stun-

ning new images, but is an invaluable tool for 

astronomers. Hubble has a spatial resolution an 

order of magnitude better than that generally avai-

lable from ground-based telescopes. So astrono-

mers can exploit Hubble's deeper perspective out 

into the Universe to answer previously inaccessible 

questions in a way that will have a major impact on 

scientific progress. 

The analysis of such observations, while often 

highly sophisticated in detail, is at times suffi-

ciently simple in principle to give students the 

opportunity to repeat it for themselves.

This series of exercises has been introduced after 

10 magnificent years of Hubble observations and 

comes exactly halfway through Hubble’s antici-

pated life. The name of the series ‘The ESA Hubble 

Xercise Series’ reflects this fact. The material has 

been produced by the European partner in the 

Hubble project, ESA (European Space Agency), 

which has access to 15% of the observing time 

with Hubble.

Xercise 1 – Quick Summary

After having introduced the geometry of the nea-

rest ring around Supernova 1987A, we define the 

scale of the  Hubble-  has taken of the super-

nova. This gives the angular diameter and also the 

tilt (or inclination) of the ring compared to the 

plane of the sky.

A measured light curve describing how we, from 

Earth, observed the light from the supernova reach 

the ring tells us directly about the physical dimen-

sions of the ring, through knowledge of the speed 

of light. Once the physical size of the ring has been 

determined, we can determine the distance to SN 

1987A.
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Supernova 1987A

On February 23rd, 1987 a supernova visible to the 

naked eye appeared in the Large Magellanic Cloud 

(LMC). This was one of the most exciting events in 

the history of astronomy and it was particularly for-

tunate that the supernova should occur in the 

Large Magellanic Cloud. This is one of the nearest 

of the Milky Way's neighbouring galaxies. The 

supernova was observed almost from its first 

appearance and this was the first instance where 

details of the original star before its eruption were 

known.

N 1987A is the name of a famous supernova. 

Its name refers first to the type of event, (a 

supernova) then to the year in which it was S

first observed (1987) and finally the A denotes that 

it was the first supernova of that year. 

A supernova is a massive explosion that occurs in 

the death phase of certain types of stars. During 

the explosion most of the star's material is blown 

violently out into space. The velocity of the ejected 

7

material can reach 10  m/s (3% of the speed of 

light). The expanding shell of debris remains visible 

in interstellar space for thousands of years before it 

eventually fades into the interstellar medium, lea-

ving a visible residue known as a supernova rem-

nant and which can take very spectacular forms. 

Within the surrounding nebula the central part of 

the original star is compressed to a neutron star, or 

sometimes even to a black hole.

The two main classes of supernovæ are known as 

type I and type II, although these can be further 

subdivided. All type I supernovæ reach the same 

maximum brightness within a few days and then 

fade over a period of time typically lasting hun-

dreds of days. The maximum brightnesses of type II 

supernovæ span a broader range and are generally 

lower than those of type I. The type of supernova 

can be identified from the characteristic light curve 

generated as the supernova fades.

Type I supernovæ result from mass transfer inside a 

binary consisting of a white dwarf star and an 

evolved giant star (typically a few hundred millions 

years old). Type II supernovæ are, in general, 

single massive stars which come to the end of their 

lives in a very spectacular fashion. This typically 

happens when the star is a few million years old.

All supernovæ are very bright with a brightness 

equivalent to the emitted light of billions of suns 

and they are believed to be the brightest objects in 

the entire Universe. This makes them visible over 

large distances. However, there are very few super-

novæ and so the sky is not constantly lit by the 

bright and spectacular deaths of stars. The rate at 

which supernovæ occur is estimated to be only a 

few per century per galaxy.

Figure 1: Supernova 1987A

Supernova 1987A (in the centre) in the Large Magellanic 

Cloud (LMC) left its imprint of three rings of glowing gas 

behind. The small central ring is used in this exercise to 

measure the distance to the supernova and thus to LMC.

Many young (12 million years old) blue stars are seen in 

the area as well as dust and gas (in dark red). This shows 

that the region around the supernova is still a fertile bree-

ding ground for new stars.

Introduction
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Read more about supernov  on the Internet!

See the links on page 14.
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The distance to the Large Magellanic 

Cloud

The determination of distances in the Universe is 

one of the most fundamental problems in astro-

nomy. An accurate measurement of the distance to 

the supernova 1987A, situated within the Large 

Magellanic Cloud (LMC) can be used to determine 

the distance to the LMC itself.

All stars in the LMC are at approximately the same 

distance from us. If we can find the distance to SN 

1987A, we can find the distance to the LMC and, at 

the same time, find the distance to all the other 

types of stars found in the LMC. Several other types 

of object found in the LMC and in other remoter 

galaxies can also be used for ‘distance measure-

ments’, so a more precise distance to the LMC 

would be a stepping stone leading to more precise 

distance measurements to other, much remoter gala-

xies.

If SN 1987A were a type I supernova we could use 

our knowledge of the maximum intrinsic brightness 

of this type of supernova to deduce the distance to 

the LMC. Unfortunately it is a type II, but luckily 

another unexpected feature of SN 1987A can assist 

in the quest for the distance to the LMC…

Figure 2: The Large Magellanic Cloud

The Large Magellanic Cloud is one of the nearest of the 

Milky Way’s neighbouring galaxies. It is a small irregular 

galaxy and scientists believe that it interacts with our 

Milky Way from time to time. It is filled with stars, dust 

and gas and is teeming with star formation.

This image was taken with a Schmidt telescope at the Euro-

pean Southern Observatory’s (ESO) La Silla observatory.

4

Introduction

I
n
t
r
o
d
u
c
t
i
o
n



The Ring

The first images of SN 1987A taken by the 

NASA/ESA Hubble Space Telescope were made by 

European astronomers using the ESA Faint Object 

Camera (FOC) on day 1278 after outburst. As well 

as being of great intrinsic interest, SN 1987A chal-

lenged even Hubble's very high resolution. The pic-

tures show a circular nebula surrounding the super-

nova. The ring is too far from the supernova to be 

material ejected in the explosion, but must have 

been created earlier, probably as material from the 

dying star was carried out by the stellar wind 

during the last few thousand years of its life. It is 

not clear how the material was collected and 

shaped into such a well-defined thin ring, but once 

formed, the material of the ring began to glow 

rapidly when the ultraviolet flash from SN 1987A 

reached it.

It is important to realise that the ring was present 

before the star became a supernova.

We assume it is a perfect circle, but inclined at an 

angle to the line between us and the supernova so 

that we see an ellipse. This inclination gives the 

light curve of the supernova interesting features. If 

the ring were flat and facing the observer the 

whole ring would appear to light up simultaneously 

when the flash of light from the supernova reached 

it. However, as the ring is inclined, the nearer rim 

appears to light up first and then the light moves 

around the ring lighting the farthest point last. 

Since the gas continued to glow and only faded 

slowly after the light flash passed by, the total 

light emitted by the ring reached a maximum at 

about the time when the whole circumference had 

been illuminated. This fact can be used to calculate 

the distance to SN 1987A.

As well as the inner ring, two outer rings can be 

seen in the image, but it is the inner ring we will 

use in  this exercise.

The questions in the following exercise outline the 

steps to be taken to calculate the distance to the 

supernova using the angular size of the ring and a 

light curve that shows the evolution of the ring 

brightness with time after the explosion.

Figure 3: The Ring Lights Up

As this animation illustrates 

the light from SN 1987A rea-

ches the ring of matter around 

it, the ring lights up. Note 

that even though the light rea-

ches the different parts of the 

ring at the same time, we see 

the closest parts light up first. 

By measuring the observed 

time delay it is possible to deri-

ve the distance to SN 1987A.

The images are taken from a 

video sequence made by NASA 

(see link 1 on page 14).
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From figure 4 and the usual equations for a right 

angled triangle we find:

d

–

  

a 2

sin ( – )=

2

D

Secondly, sin a = a, when we are dealing with very 

small angles (but only when the angle is measured 

in radians). This approximation may seem less jus-

tified, but it can be mathematically proven to be 

very good for small angles.

Now you only need basic algebra to get to the 

“simple” equation mentioned before:

d

D = 

a

The following exercises will take you through mea-

surements and calculations leading to the determi-

nation of the linear diameter, d and the angular dia-

meter, a. After that, you will be able to calculate 

the distance to SN 1987A, thereby determining the 

distance to LMC by assuming they are the same.

x²

he determination of the distance to the 

supernova, D, is based on basic geometric 

Tprinciples: the true diameter, d, and angular 

diameter, a, measured in radians, are related to the 

distance, D, by the following simple equation:

d

D = 

a

This may contradict some of the knowledge of geo-

metry you have from your mathematical education, 

but to assure you of the correctness of this expres-

sion we will take you through the arguments step 

by step. 

There are two approximations to be made, before 

you get to the simple formula.

First, the distance, D, to the LMC is very large com-

pared with the linear extent of the supernova ring, 

d, so we can assume that the two longer sides of 

the triangle in Fig. 4 have the same length as the 

centre line, D.
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Figure 4: The Distance to Supernova 1987A

The distance to SN 1987A is calculated from the true dia-

meter of the ring via the usual equations for a right 

angled triangle.

6



Exercise 1

The first goal is to calculate the angular diameter of the ring, that is, the apparent diameter of the ring 

in arcseconds, as observed from Earth. This is the angle a.

The relative positions of stars 1, 2 and 3 in the image on next page, are given as angular separations 

(in arcsec).

                                                                 

Star 2 relative to star 1:                                      3.0

Star 3 relative to star 1:                                      1.4

Star 3 relative to star 2:                                      4.3

Use these distances together with direct measurements on the image of SN 1987A to  determine 

the scale of the supernova (in arcseconds per millimetre on the page).

Exercise 2

The ring around SN 1987A is assumed to be truly circular - the fact that it appears elliptical is due to 

the inclination or tilt of the ring (compared to the plane of the sky - the plane that is perpendicular to 

our line of sight to the supernova):

You can measure the angular diameter of the ring in the image without knowing its inclination. 

Some people will say that this statement is obvious while others will have to think it over to see 

that it is true. Explain why the statement holds. Look at figure 6 if necessary.

Measure the angular diameter of the ring and convert the answer to radians using the conversion 

factor you found in exercise 1 and the data in the box above.

Distance (arcseconds)

Units and other basic data

6

-

1 arcsecond (arcsec) = 1/3600 of a degree = 4.848 x 10  radians

1 milliarcsecond (mas) = 1/1000 arcsecond

8

Speed of light (c) = 2.997 x 10  m/s

1 kiloparsec (kpc) = 1000 pc

13

1 pc = 3.09 x 10  km = 3.26 light years

Exercises
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1

3

Figure 5: Stars around Supernova 1987A

This image was taken in February 1994 with the Wide Field and Planetary 

Camera 2. The filter used in the camera passes red light emitted by glowing 

hydrogen gas – the Balmer-a emission line.

The supernova itself and two nearby stars are labelled in the picture. Their 

positions are given in the box on the previous page and are used to determi-

ne the scale of this image.
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Exercise 3

The inclination angle is called i. If i = 0, we see a circle, and if i = 90, we see a line.

How can you determine i from the measurement of the major and minor axes of

the ellipse? Figure 6 and 7 might help in deriving this relationship.

Measure the major and minor angular diameters of the ellipse and calculate the inclination angle, 

i, from the relationship you just found.

9

Figure 6: An inclination

An inclination angle, i, describes the tilt of 

an object, e.g. a ring, away from the plane 

of the sky.

Figure 7: Determination of the inclination, i

Imagining that we are now looking at the system from the 

side, we will see the ring with an inclination i compared to 

the plane of the sky.

The inclination angle can be derived from a simple rela-

tionship between the minor and major axes of the obser-

ved ellipse.

i

Observer
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Exercise 4

Now we have the angular diameter of the ring and 

its inclination. We still need to find the true dia-

meter on the sky, d, to determine the distance.

The key to finding the true diameter of the ring is 

our knowledge of the speed of light.

When the supernova first explodes, it emits a very 

bright flash of light. This flash expands into the sur-

rounding space (at the speed of light, c, obvious-

ly). Later, at some time, t seconds after the explo-

sion, the flash will illuminate the ring. Since we 

have assumed that the ring is circular and we will 

also assume that its centre coincides with that of 

the supernova, all parts of the ring will be illumi-

nated simultaneously as seen from the supernova.

Consider how this will appear as seen from Earth. 

Although all parts of the ring ‘see’ the supernova 

flash at the same time, we do not see the whole 

ring light up simultaneously because the ring is 

inclined. The part of the ring that is inclined 

towards us will appear to brighten first as light 

from this point has a shorter distance to travel to 

reach Earth. Only when the whole ring is illumi-

nated as seen from Earth, will the light curve reach 

its maximum. The difference in the distance bet-

ween the near and far points of the ring can then 

be calculated from the elapsed time between these 

events in the light curve. So the time it takes from 

when we first see the ring illuminated until the 

light curve reaches its maximum is closely related 

to the difference in distance between the nearest 

and the furthest points of the ring. After the 

maximum the ring fades in brightness, slightly 

slower than when it originally brightened. The light 

curve for the ring of SN 1987A is shown in figure 8.
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Measure this time t in the light curve of the 

ring of SN 1987A.

Had the inclination angle been 90 degrees, it 

would have been very simple to relate this 

time to the diameter of the ring – why ?

Figure 8: Light curve for the ring

Here we show measurements from the total light of the ring as it lit up in the 

months after the supernova exploded. The total intensity of the ring starts to 

increase as the light from the nearest parts of the ring reaches us. When the 

ring is fully lit (as seen from Earth) the light curve reaches its maximum. 

These measurements were made with the International Ultraviolet Explorer 

(IUE) – another space-based observatory. 11
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Exercise 5

To do the next calculation we again have to use an approximation. We will assume that the lines connecting 

the Earth to the points o and m, the furthest and nearest points to Earth on the ring, are parallel. This is a 

valid assumption since a is so small. Hence the angles i and j in Figure 9 below are equal. 

Look at the diagram and use it to find a relationship between:

1. The difference in the distance travelled by the light coming via the nearest point, m, 

    on the ring and via the furthest point, o. We call this distance d .
p

2. The angular diameter of the ring (calculated in exercise 2)

3. The inclination angle, i (calculated in exercise 3)

Then find a relationship between the difference in distance, dp, the speed of light, c, and the time, t.

 

Combine these two expressions to find an expression for the true diameter of the ring, d.

Enter the values that you have previously either calculated or measured into this expression and find 

the true diameter, d, of the ring.

i

Observer

o

d

p

d

a

m

Figure 9: Finding the true diameter

With the help of this figure and values found previously it is possible 

to determine the true diameter, d, of the supernova ring.
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Exercise 6

You are now ready for the grand finale!

This exercise does not address the question of the two outer rings.

Use the values of d and the angle a to determine the distance to the supernova, D. Give the answer 

in kiloparsecs using the conversion factor given in the box on page 7.

The distance to the supernova has been calculated by Panagia et al. in 1991 from the original versions of 

these data. The value they get is D= 51.2 +/- 3.1 kpc and they have measured the inclination angle to 

i= 42.8 degrees +/- 2.6 degrees.

If your answers are within the margins of error, you have made thorough measurements and can be very 

proud of your work. 

If your answer is not quite the same, there may be several reasons. 

Is it just the difficulty of making sufficiently precise measurements from the images and the light 

curve or is it the use of a different (and more sophisticated) method in the published scientific 

paper? For fun, you can speculate on the reason, but it is possible to get very good results just with 

the method in this project and careful measurements!

Can you speculate on the origin of these?
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Further Reading

WWW Links

Scientific Papers

Fransson, C., Cassatella, A., Gilmozzi, R. Kirshner, R. P., Panagia, N., Sonne-

born, G., and Wamsteker, W., 1989, Ap.J., 336, 429-441: Narrow ultraviolet 

emission lines from SN 1987A  Evidence for CNO processing in the progenitor

Gould, A., 1994, Ap.J., 425, 51-56: The ring around supernova 1987A revisi-

ted. 1: Ellipticity of the ring

Panagia, N., Gilmozzi, R., Macchetto, F., Adorf, H.M., Kirshner, R.P. 1991, 

Ap.J., 380, L23-L26: Properties of the SN 1987A circumstellar ring and the 

distance to the Large Magellanic Cloud

NASA's pages about SN 1987A at STScI:

1. http://oposite.stsci.edu/pubinfo/PR/97/14.html

2. http://heritage.stsci.edu/public/feb4/sn1987afilt.html

3. http://heritage.stsci.edu/public/feb4/sn1987a.html

4. http://heritage.stsci.edu/public/feb4/sn1987anino.html

Royal Observatory Greenwich's Information Leaflet No. 63: 'Supernovae'

5. http://www.rog.nmm.ac.uk/leaflets/supernovae/supernovae.html

University of Texas Supernova Links:

6. http://tycho.as.utexas.edu/SN/links.html

Rochester Academy of Sciences Supernova Links:

7. http://www.supernovae.net/snimages/snlinks.html

The Hubble European Space Agency Information Centre:

8. http://hubble.esa.int
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Front cover picture: SN 1987A

This striking NASA/ESA Hubble Space Telescope picture 

shows three rings of glowing gas encircling the site of 

supernova 1987A, a star that exploded in the Large Magel-

lanic Cloud (LMC) in February 1987.

This exercise concerns only measurements of the inner, 

brighter ring that is believed to have existed before the 

explosion, but has since become illuminated by the flash 

of light resulting from the supernova. The measured angu-

lar diameter is used, together with records of the evolving 

brightness of the ring, to find the distance to the superno-

va and hence, the LMC. An accurate knowledge of the dis-

tance to this neighbouring galaxy is of great importance to 

astronomy.

Colophon
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