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ABSTRACT 

Physical properties of supernova 1987A were investigated including: Expansion velocity; Current mass; Radius; Tem-
perature and the Rate of the expansion by applying Counting Pixels Method (CPM) in comparison with the application 
of the Povida and Self-Similar Solution theoretical models which in forced the idea for adopting such a model to be 
applied for supernova type II. Then tow results are found to be in a good agreement with the Self-Similar solution 
model rather than that of Povida model. The high density of the region that surrounded the exploding system acting as 
decelerating parameter and down the expansion velocity of the supernova from 3900 km·s−1 to 1200 km·s−1 during the 
past 23 years from the explosion, with a current size equal 0.39 pc, and with an expansion rate of 0.41 per a year. 
 
Keywords: Supernovae; Individual (SN 1987A)-Supernova Remnants 

1. Introduction Since that time SN 1987A has taken its place not only 
as a unique event in modern astronomy but also as one of 
the most thoroughly studied objects outside the solar 
system that detected by instrument on the ground, below 
the ground, and in space, moreover it has been studied at 
all wavelengths from radio through gamma rays [6]. The 
optical study of the southern hemisphere and especially 
in Chili observatory confirmed that this supernova oc-
curred in the LMC at a distance about 50 Kpc from our 
Milky Way galaxy at Right Ascension [α = 05h 35m 
49.992s] and Declination [δ = −69˚17'50.08"] [7], and it 
cause from the exploding of 20 Mʘ Blue Supergiant star 
(BSG) which is called in the astronomical atlas as Sk 
−69˚ 202 (for star 202 in the −69˚ declination band of the 
Sanduleak catalog) [2] and like all blue supergiant it was 
extremely luminous with an absolute visual magnitude of 
−6.3m, and with a visual magnitude 12.4m and spectral 
class B3I [3]. 

Core-collapse supernovae represent the dramatic end- 
point of the life of a massive star and most of our infor- 
mation about it was from the theoretical hypotheses of 
astrophysicists; this was the case until 1987 when the 
nature has offered us a unique opportunity to learn the 
details of one of the most frequent and violent events in 
the universe, this was the discovery of Supernova 1987A 
(SN 1987A) that occurred in the Large Magellanic Cloud 
(LMC), a companion galaxy to our own Milky Way gal- 
axy, on 24 February 1987 [1]. 

This supernova had been discovered and first formally 
reported by Ian Shelton a graduate student from the Uni- 
versity of Toronto using 10-inch astrograph at the Las 
Campanas Observatory high in the Chilean Andes but the 
first visual observation made by Oscar Duhalde which 
was a night assistants also at the Las Campanas Obser- 
vatory [2]. Moreover within the same 24 hours inde- 
pendent sighting came from amateur observer, Albert 
Jones in Nelson, New Zealand [3]. 

Immediately after the supernova was announced, liter- 
ally every telescope in the southern hemisphere started 
observing this exciting new object [4], because it was the 
first supernova easily observable with the naked eye 
since the one recorded by Kepler in 1604 and the bright- 
est for 383 years beside it is the first and the only object 
outside our solar system that neutrinos had been detect 
from it [5].  

The available observations of Sk −69˚ 202, together 
with theoretical evolutionary model suggest that the pro- 
genitor star of SN 1987A had been a Red Supergiant 
(RSG) for between 105 and 106 years [8]; but due to the 
substantial mass loss before the explosion, probably as a 
red supergiant wind which is approximately about 8.8 × 
10−6 Mʘ every year [9], its radius decreased and it 
evolved towards blue supergiant approximately 20,000 
years before the SN event [10]. 

The astronomers have various suggestions about this 
transition from RSG to BSG, one of them is the low met- 
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allicity of the LMC as the reason of massive star to 
evolves to BSG and explode rather than explode as RSG 
as has been expected for Type II supernova [11]. 

The unusual properties of this supernova deduced due 
to the extent of the stellar winds from both the red and 
blue supergiant due to this transition, such as the high 
density region that surround the exploding star which 
represented by the triple ring system that consisting of a 
central circular ring of diameter 0.4 pc called equatorial 
ring and two other similar rings of diameter 0.9 pc one 
on either side which is oriented north and south of the 
supernova forming an hour-glass structure [12]. This 
system had been observed after 310 days from the explo- 
sion by Ground-based and HST [13] through its λ 5007 Å 
[OIII] emission line [14], which emitted due to the inter- 
action that occurred between the soft X-ray from the ex- 
plosion and these stationary rings. But In 1997 HST re- 
vealed that, the first interaction between the blast wave 
of SN 1987A and the dense fingers that protrude inwards 
from the equatorial ring had been occur and it could be 
traced back to as early as 1995 March which means that, 
the blast wave started to enter into this dense region from 
the space [15]. 

In this paper, the optical images of the remnant of SN 
1987A which observed by HST will be interpreted in 
order to measure the physical size of the remnant in addi- 
tion to the overall rate of expansion, using a simple 
method called Counting Pixels Method in comparison 
with the results that obtained from applying two theo-
retical models, which are Povida model and Self-Similar 
Solution model as will preformed in the next section. 

2. Counting Pixels Method 

Counting Pixels Method is considered as the simplest 
method that can give the radius of any system by meas- 
uring its true linear diameter from counting their pixels in 
its image. The process begins by calculating the number 
of pixels of widest part of the radius as shown in Figure 
1 using the Pythagorean Theorem: 
 

 

Figure 1. The image of SN 1987A as observed by HST in the 
year 2003 [16]. 

   2

1Size in Pixels
2

1x x y y         (1) 

Then convert this linear diameter to an angular size ( ) 
by multiplying this linear diameter by the image scale as 
follow: 

size in pixels image scale             (2) 

The image scale differs from one telescope to another 
since it depends on the properties of the CCD camera and 
the focal length of the telescope. For example for HST 
the image scale is 0.025 arc seconds per pixel [17] while 
for Chandra space telescope is 0.5 arc seconds per pixel 
[18]. In our case for SN 1987A the image scale is equal 
to 0.025 arc seconds per pixel, since the image has been 
taken from HST as shown in Figure 1. When the angular 
size has been measured, the actual size of the ring in 
kilometers can be calculated by using the derivation of 
the small angle formula which is given by [17]: 

  206265d D                 (3) 

where d is the true linear diameter of the ring, D is the 
distance to the object, and 206265" is the number of arc 
seconds per one radian.  

As the radius of supernova remnant has been calcu- 
lated, the other physical parameters such as the expan- 
sion velocity, current mass, and the temperature can be 
obtained by using the following equations: 

1) The expansion velocity of the remnant  expv , sim-
ply given by [19]: 

exp

r
v

t
                     (4) 

where r is the radius of the remnant which has a value 
about half the value of d, and t represent the age of the 
remnant in seconds. 

2) The current mass of the remnant  [19]:  3m 
23 1m m m                  (5) 

where 1  represents the ejected mass from the explo- 
sion, 2  represents the mass that swept from the sur- 
rounding medium and add to the ejecta and is given by 
[20]:  

m
m

3
2

4
π

3
m r                 (6) 

where ρ is the mass density of the interstellar medium. 
3) The temperature of the remnant  [21]:  empT 

2
emp exp

3

16
Hm

T
K


 v              (7) 

where   represents the mean molecular weight, mH is 
the hydrogen mass for one atom, and k is the Boltzmann 
constant.  

In addition to that, this method can be also used to find 
the inclination angle of the system to our line of sight i 
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and this is done by taking the ratio of the smallest to the 
largest width of the ring as follow [17]: 

1sin smallest width largest widthi        (8) 

In addition to the counting pixels method two theore- 
tical models have been taken into account in order to 
make a comparison with them which are: Povida Model 
and Self-Similar Solution Model. The first model based 
upon the cooling process that occurring in the ejecta due 
to the synchrotrons radiation which results from charged 
particles (electrons, protons) that move around the line of 
the magnetic field with speed near the speed of light and 
this model is depend basically on the law of conservation 
of energy since the supernova remnant begin to deceler-
ate as it expands far from the center of the supernova 
explosion as a result of increasing the sweeping mass 
from the surrounding medium [22] while the second 
model which is the Self-Similar Solution model is based 
upon the similarity between the explosion of the atomic 
bomb in the Earth’s atmosphere and the explosion of a 
supernova in the interstellar medium and it study the 
structure of the remnant of the supernova explosion as a 
function of time and density and it provide the physical 
properties of the gas behind a strong spherical shock 
wave that formed by an explosion in an infinite medium 
with a density ρ as a function of time, t, and radial posi-
tion, R [23] and this parameters considers as an important 
parameters in our case for SN 1987A. 

3. Results and Discussion 

The main goal of this study is to measure the expansion 
rate of the remnant of SN 1987A and follow its evolution. 
So in order to investigate this expansion the optical im- 
ages of SN 1987A from 1995 to 2010 had been taken 
from HST these images are up to the year 2006 while 
those for the year 2007 and 2010 which are the only 
available images were taken from literature (Figure 2  
 

 

Figure 2. The image of SN 1987A as observed by HST from 
1995 to 2006 [16]. 

[16]). Then the counting pixels method has been applied 
on it in order to measure the size parameter d that uses to 
characterize this behavior which has been converted into 
physical size units by using the distance to SNR 1987A 
51 ± 1.2 kpc [24], the results of applying this method are 
shown in Figure 3. 

From the results that shown in Figure 3 it’s noticed 
that, the expansion rate of the remnant is increasing from 
0.21 pc to 0.39 pc between 1995 and 2010 and this ex- 
pansion do not increase linearly all over as has been ex- 
pected, but its increasing is shallowly exponentially, and 
this is due to the high density of the region that surrounds 
the exploding system (the equatorial ring) which works 
on decelerating the blast wave from expanding further. 
Besides that, when a comparison had been made between 
the results of this method and the results of the two other 
theoretical models which are: Povida model and the 
Self-Similar Solution model it’s found that, there is a 
good agreement between the results of the Counting Pix- 
els method and the results of the other two theoretical 
models about the size of the remnant and specially with 
the result of similarity solution as shown in Figure 4. 
 

 

Figure 3. Radial expansion measure from the fits to the 
counting pixels method from 1995 to 2010. 
 

 

Figure 4. The results of radial expansion of SN 1987A that 
obtained from counting pixels method, povida model, and 
the Self-Similar Solution from 1995 to 2010. 
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Although the counting pixels method shows agreement 
with similarity solution but is not very good agreement as 
has been expected since the later is deal with a uniform 
medium surround the explosion which is not the case of 
SN 1987A since its surrounded by ununiform medium 
that consists of nodes of mater that eject from the pro-
genitor star in the later stage as red and blue supergiant 
wind that represented by the triple ring system. Further-
more, the counting pixels method deals with the images 
of supernova only at any circumstances which means its 
deal with the real situation of the case and not supposing 
any condition as other models do. 

Moreover, after the size parameters has been available 
the other physical parameters can be calculated such as 
the expansion velocity of the remnant which is found to 
be decelerate from 3900 km·s−1 to1200 km·s−1 during the 
past 23 years from the explosion and this result shows a 
plausible agreement with the results of Racusin et al. 
which was found to be 1700 km·s−1 in 2004, Parker et al. 
which was found to be 1412 ± 354 km·s−1 in 2007, and 
the results of the Hydrodynamic models which indicate 
the forward shock velocity is dramatically decelerate 
from ~3500 to ~1000 − 1500 km·s−1 after day 6000 from 
the explosion and afterwards [24].  

In addition to that, the Equations (5) and (7) have been 
used to calculate the current mass and the temperature of 
the remnant which are found to be equal to 11.8 Mʘ, and 
3.3 × 108 ˚K respectively. Table 1 lists the results of 
some physical parameters of SN 1987A that obtained 
from Counting Pixels Method in comparison with that 
obtained from Povida Model and Self-Similar Solution 
Model. 

4. Conclusion 

It’s found that, the high density of the region that sur-
round the exploding system which represent by the  
 
Table 1. The results of some physical parameters of SN 
1987A by applying counting pixels method in comparison 
with other models. 

Quantity Unit 
Povida 

model [25]
Self-similar 
solution[25] 

Counting 
pixels 

method 

Expansion 
velocity (v2) 

km·s−1 1328 1220 1200 

Current 
mass (m3) 

Mʘ 11.86 11.2 11.8 

Diameter 
(d) 

pc 0.391 0.362 0.39 

Age (t) year 23 23 23 

Temperatur
e (Temp) 

˚K 2.13 × 108 5.85 × 109 3.3 × 108 

The rate of 
expansion 

/yr 0.111 0.139 0.141 

equatorial ring play a significant role in decelerating the 
blast wave of supernova from expanding further and on 
decelerating the radial expansion from 3900 km·s−1 to 
1200 km·sec−1 during the past 23 years, and with current 
size equal to 0.39 pc. Moreover, the current measure- 
ments of the sweeping mass of the remnant and its tem- 
perature indicate that, the remnant is still in the free ex- 
pansion phase since the sweeping mass is still smaller 
than the ejected mass (which is equal 8.8 Mʘ) and the 
temperature of the remnant is still larger than 106 ˚K 
which is the temperature of the remnant when its enter 
the second evolutionary stage which is called the adia- 
batic expansion phase. So it can be concluded that, the 
counting pixels method has a good agreement with 
self-similar solution model results especially when deal- 
ing with the estimation of the size and expansion rate of 
type II supernova. 
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