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Abstract— Astrophysics revolves around speculating and then quantifying the speculations to make it universally acceptable. The events that take 
place in the universe are either too quick or too slow for the human to register it without the aid of technology. Hence simulations come as a boon. A 
stellar evolution virtual experiment was used to closely examine the evolution of a star right from its birth to its death. Through this simulator, 
luminosity data of a star at various stages of its life has been taken. A mathematical relation for the luminosity at different stages of the star has been 
formulated. Using this relation and the concept of Goldilocks Zone, within the scope of this project, lies the possibility of finding an Earth like planet. 
With the correct equipments and technology we may make ground breaking revelations. 

Index Terms— Goldilocks Zone, Luminosity, Pale blue dot, , Star 
——————————      —————————— 

1. INTRODUCTION 
 

niverse is a swelling dark ocean, through which 
sweeps waves of mysteries, waiting for mariners to 
explore its vastness. There is truth waiting to be 

unveiled which can change our perception of life as we 
know it. Question of the era for a long time has been, to 
find another planet like Earth. Referred to as the “Pale Blue 
Dot” by the renowned Cosmologist, Carl Sagan, our Earth 
is truly unique due to its ability to sustain life. However, 
Earth is threatened by global warming, population, 
explosion, fate of sun and other such impending doom. 
This sets us on a quest to find probable habitable planets so 
that human race can rage on. This calls for an idea that can 
yield the location of another pale blue dot, efficiently and 
effectively. In this research paper, this very question has 
been dealt with.  
In this paper, a mathematical relation of luminosity of a star 
at different stages of its life has been established. This was 
achieved by using a simulation by Schlumberger Excellence 
in Education Development (SEED) which is a non- profit 
organization which aims to spread knowledge and make 
science more interesting. Through the simulation, data was 
obtained, using which graphs were plotted.  Although data 
cannot be verified easily, technique of verification has been 
provided below. The paper contains an idea, which in the 
coming future can act as a key to many solutions.  
 

2. EXPERIMENTAL DETAILS 
 
Mass: 100 Solar Mass  
Metallicity: 0.02 
 

 

3. RESULTS AND DISCUSSIONS 
3.1 Main Sequence Stage 

Fig.1. Main sequence stage 
 
The first graph shows the varying luminosity as the star’s 
age increases in the main sequence stage of the star. The 
equation that best fit the curve is; 
 

y = A + Bx + Cx2 + Dx3 + Ex4 + Fx5 
 
Where A, B, C, D, E and F are constants; 
A= 6.104 
B=-0.009181 
C=0.002329 
D=-0.0003291 
E=1.762x10−5 
F=-3.421x10−7 
 

As can be seen from the RMSE (Root Mean Square Value) 

U 
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which is 6.350x10−005  which is a very small value and 
hence can be neglected and we can deem this curve to be a 
near perfect fit. As can be seen, its luminosity is increasing 
and then it decreases. This is true even theoretically as the 
luminosity of a star gradually decreases with time. 
 
 
3.2 Hertzsprung Gap Stage 
 

 
Fig. 2.Hertzsprung Gap Stage 
 

The next graph shows the luminosities as the time 
progresses and the star has reached the Hertzsprung Gap 
Stage. The equation of the best fit curve is; 
 

y = A + Bx + Cx2 + Dx3 + Ex4 
 
Where A, B, C, D and E are constants; 
A= 6.065 
B= 0.008899 
C= -0.001638 
D= 0.0001124 
E= -2.758x10−6 
 

The RMSE (Root Mean Square Value) is 0.001252, which is a 
very small value and hence can be neglected and we can 
deem this curve to be a near perfect fit. As visible, its 
general trend shows an increase in the beginning and 
decrease later. Unlike the previous graph this has a spikey 
maxima. This may be due to various reasons. Most suitable 
would be that during this phase, the size of the star 
increases. The spike could indicate an increase in the size of 
the star for luminosity and mass of a star are directly 
proportional. Furthermore, there is fusion reaction taking 
place at the surfaces, fusions are unpredictable and sudden 

outburst may lead to sudden increase in luminosity. 
 

 

3.3 Naked Helium Stage 
 
Fig. 3.The Naked Helium Stage 
 

The best fit curve suggested the equation which satisfies the 
varying luminosities in the Naked Helium stage to be; 
 

y = A + Bx + Cx2 + Dx3 + Ex4 
 
Where A, B, C, D and E are constants; 
A= 5.097 
B= 0.04290 
C= -0.03669 
D= 0.01040 
E= -0.0009083 
 

Then, different luminosities of Naked Helium stage were 
analyzed. Through this graph we notice initially a huge 
decrease in the luminosity and then an increase. This may 
be explained by the fact that in the Naked Helium stage, the 
star loses much of its outer surface to the stellar winds. The 
mass decreases as only the helium core is left behind. And 
since mass is directly proportional to the luminosity hence 
then is a sudden decrease. However, there are still fusion 
reactions taking place, the metallicity of the star is 
increasing. Once the equilibrium is again reached, the 
luminosity increases, although not as much as it was in 
previous stages. 
When examined for the best suitable equation that defines 
the curve, a sinusoidal curve showed a promising result 
with RMSE value 0.00183680. However, when we see the 
graph as a whole, we see that the curve increases and 
decreases periodically. This does not support any theory 
unless it is a Cepheid variable which needs to occur in pair. 
Hence this equation had to be rejected. Then the quartic 
equation curve was implemented which fit the data 
perfectly with RMSE value being zero!  
As it entered the Naked Helium stage, its luminosity 
decreases to a certain point and from there it reestablished 
its luminosity but at a lesser value. When the curve is 
extrapolated on its path, we see that the curve will tend 
downwards and continues decreasing. This result suggests 
the theoretical knowledge since now that mass has 
decreased considerably and shall continue in the future. 
Helium will fuse into a heavier metal and the core will 
ultimately collapse under its own gravity and hence 
luminosity will decrease and tend towards zero. 
 

3.4 Black Hole 
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The Last stage for a huge mass, here, 100 times the mass of 
our Sun, is inevitably a Black Hole. A black hole is point of 
singularity which has zero luminosity. This poses a gigantic 
problem for the astrophysicists for, due to zero luminosity, 
it is not visible and hence its not possible to locate a Black 
Hole. However they have very strong gravitational pull, 
strong enough to cause a tear in space!  This gravitational 
energy can be detected by technology and hence the 
location of a Black Hole can be known. 

4. CONCLUSIONS 
 

 

Fig. 4.All stages 
 

Now after studying all the stages in separation, another 
graph was plotted that studied the all-round development 
of varying luminosity of the star at different stages of its 
life. The curve that best fit the points was of exponential 
equation.  
It followed the equation; 
 

y = Ae−Cx + B 
 

Where: 
A= -5.541 x10−9 
B= 6.119  
C= -0.5656 
The graph however seems to be starting from infinity and 
approaching negative infinity which is not theoretically 
possible. Hence limits can be assumed to the equation 
stating that the equation is valid between two points only. 
The graph suggests that the luminosity of a star through 
various stages of its life decreases exponentially. 

5. VERIFICATION TECHNIQUE 
5.1 The Sun 
 

We are aware of the fact that our star, The Sun, is presently 
in a stage called the main sequence stage. The data from the 
virtual experiment can be compared with the actual data 

from an observatory and graph can be plotted using the 
experimental and the laboratory values of Sun and its 
luminosity. Care needs to be taken in choosing the similar 
time frame, metallicity and mass in both the cases. The sun 
is considered to have metallicity 0.02. So now again the 
entire virtual experiment is repeated, with the changes of 
mass of star as 1 solar mass and metallicity as 0.02. 
 

 

Fig. 5.Main Sequence Stage of Sun 
 

This graph is made using the data procured from the 
simulation. This entire report’s validity can be now tested 
by getting actual data of the sun’s luminosity during the 
same age and then plotting a graph from the actual data 
and comparing it. Due to age factor, the possibility of 
obtaining results seems to be on hold. However, the paper 
holds promise can be carried on in later years to draw out a 
conclusion. 
 
In the graph plotted, luminosity had been taken on the y-
axis and time period on the x-axis and therefore the above 
equations contain two variables; Age of star (x) and 
Luminosity (y). If we have one value, either x or y, the other 
can be found using the equations. Now returning back to 
the question proposed in the introduction, “Finding 
another unique pale blue dot” For this two facts need to be 
considered;  
 

• The age of star is enough to allow a planet to 
develop. 

• The planet is placed at a correct distance from the 
star in order to have a sufficient quantity of liquid 
water. 

 

     The zone which is perfect for habitation is called 
Goldilocks zone. The size of habitable zone depends on the 
luminosity of the star. A variable, which now can be 
established for any stage of a star’s life using the equations 
obtained above.  
Hence instead of investing millions just to explore a planet 
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and play a bluff game in hopes of stumbling upon a planet 
suited for habitation, we know an absolute way of 
determining, when a star of say x luminosity at certain 
stage of its life will have an Earth like planet revolving 
around it at a particular distance (which can be found from 
the distance – luminosity relation) which can be used as our 
second home.  
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