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Abstract. The sun provides warmth and light essential to human life, making it important to 

investigate its formation, current state, and future evolution. This article includes information on 

the formation of the sun and an overview of its current state. The sun formed about 4.6 billion 

years ago from a giant nebula in one of the spiral arms of the Milky Way galaxy, after which the 

solar system formed from. As for its structure, the sun consists of six layers: core, radiative zone, 

convection zone, photosphere, chromosphere, and corona. The sun is a main sequence star and 

is situated at a considerable distance from the earth. This distance is calculated using the parallax 

method, which involves measuring the parallax angle and applying trigonometry. Another 

approach to determine the distance is by utilizing Kepler's Third Law. The sun continually 

undergoes fusion in its core due to specific conditions that allow for fusion reactions to occur, 

including extremely high temperatures, high density, and a suitable containment vessel. In the 

future, the sun will evolve into a red giant star before ultimately becoming a white dwarf star. 

Eventually, the earth will be engulfed by the sun as the sun evolves. 
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1.  Introduction 

It’s universally acknowledged that there are 2 trillion galaxies, and we live in one of them called the 

Milky Way. More accurately, we live in the solar system of the Milky Way in which the centre is the sun. 

The sun has a large diameter of 864,000 miles and is 8.3 kiloparsecs from the earth. As for its formation, 

about 4.6 billion years ago, a giant nebula that floated in one of the spiral arms of the Milky Way galaxy 

began to contract and finally collapsed in on itself. Afterward, the temperature of the atoms in the nebula 

rose by a large amount, so fusion started to take place in the centre of the atoms. In this way, our sun 

came into being. Moreover, the sun has a high surface temperature, so it radiates radiation and transfer 

heat to the earth, providing the necessary warmth to survive. Also, the sun has high luminosity, so it has 

great brightness, providing essential light for us. Lastly, the sun's gravity helps keep our earth in a 

suitable orbit around the sun, which means it keeps the earth in the habitable zone. Thus, the sun is very 

important to our survival. The solar wind can change the magnetic field intensity, thus disturbing our 

earth's magnetic field, thus disturbing our communication. Also, the solar wind sends strong elemental 

charges to the electric power grid and affects the transfer of electricity. Therefore, human activity is 

hugely affected by the sun.  

This article deals with the formation of the sun, the current overview of the sun and its evolution in 

the future. In more detail, the first part of the main body is about the composition of a giant nebula about 
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five billion years ago, how this giant nebula evolved into the sun by collapsing in and having nuclear 

fusion in its atoms, and the formation of the solar system. The second part of the main body concerns 

the current situation of the sun, which includes fusion in the core of the sun, conditions that need to be 

met for the fusion reaction to take place, how far the sun is from us, ways of determining the distance 

and sun’s intensity and light spectrum. The last part of the main body deals with the evolution of the sun, 

which incorporates an illustration of the evolution.  

This review is aimed at becoming an organization and synthesis of past works on sun and providing 

readers with comprehensive and understandable information on this topic and introduce researchers into 

this field. 

2.  The formation of the sun and the solar system 

2.1.  The formation of the sun  

Historically, about 4.6 billion years ago, a tremendous cloud called nebula floated in one spiral arm of 

the Milky Way galaxy. This cloud consisted of gas and dust, mostly hydrogen and helium, heavier atoms 

only accounted for a small percentage. These heavier atoms had formed earlier than the formation of the 

sun while other stars aged and died. This nebula began to contract at some time, collapsing in on itself. 

The atoms began to collide with one another, which generated a lot of heat. In the rising temperature, 

the atoms jostled more frequently and violently. Eventually, the atoms reached a temperature at which 

the protons in the atoms started to fuse, in a process called nuclear fusion. Through nuclear fusion, a 

small proportion of matter had been transformed into a considerable amount of energy, and a star called 

sun was born [1]. 

2.2.  The formation of the solar system 

The solar system formed along with the sun, and I will explain how they formed. Initially an interstellar 

cloud formed because an accumulation of gas, plasma, and dust in our and other galaxies had occurred 

and started to evolve. Afterward, the sun formed within the interstellar cloud, and matter started to 

accumulate around the sun. The conversion from this matter to planetesimals followed, and then the 

accretion of the planetesimal followed. Finally, satellites had formed around the planets [2]. 

3.  The current state of the sun 

3.1.  The structure of the sun 

The sun is mainly divided into six layers: a thermonuclear reaction core at the centre, a radiative zone 

outside the core, outside which there is a convection zone. A radiative zone, and a solar atmosphere are 

outside the convection zone [3]. 

According to nuclear physics theory, the centre of the sun is a thermonuclear reaction core. The core 

of the sun accounts for 1/4 of the entire solar radius but is about half the mass of the entire sun. This 

indicates that the density of matter in the central region of the sun is very high up to 160 grams per cubic 

centimetre. Under the strong gravitational attraction of the sun, the core of the sun is in a state of high 

density, high temperature, and high pressure. It is the birthplace of a great amount of energy [3]. 

The transfer of energy generated in the core of the sun mainly depends on the conduction by radiation. 

Outside the central core of the sun there is the radiative zone which is a layer with an inner radius of 

0.25 times the solar radius and an outer radius of 0.86 times the solar radius. The temperature, density, 

and pressure decrease when the distance from the centre of the sun decreases. In terms of volume, the 

radiative zone accounts for most of the sun [3]. 

In addition to radiation, the energy generated in the core of the sun also propagates outwards by 

convection. The convection layer’s inner radius is 8.6 times the solar radius, and the outer radius is just 

the solar radius. The gas in this layer is very unstable, and the properties of the gas vary greatly, resulting 

in significant convective motion. The convection layer is the outermost layer of the sun's internal 
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structure. Outside the solar convection zone there is the solar atmosphere. The solar atmosphere can be 

divided into the photosphere, chromosphere, and corona [3]. 

 

Figure 1. The structure of the sun [4]. 

3.2.  The current position of the sun measured from the earth 

As for its current position, the sun is 8.3 kiloparsecs from the earth. The unit parsec is defined as the 

distance from a nearby star to the sun when the parallax angle which is half the angle moved against the 

background of distant stars in 6 months is 1 arcsecond. The distance from the earth to the sun is 

calculated using the parallax method. We conduct the parallax method by measuring the parallax angle, 

and then applying trigonometry [5, 6]. Another way of determining the distance utilizes Kepler’s Third 

Law.  

The derivation of the Kepler’s Third Law: 

𝑚𝜔2𝑟 =
𝐺𝑀𝑚

𝑟2
 → 𝑚(2𝜋

1

𝑇
)2𝑟 =

𝐺𝑀𝑚

𝑟2
 → 𝑇2 =

4𝜋2

𝐺𝑀
𝑟3  

where T is the orbital period, M/m is mass and r is the radius of the orbit, typically we measure the 

period of the orbit of our earth around the sun and apply the equation to obtain r (𝑟 = √
𝐺𝑀𝑇2

4𝜋2

3
) [7, 8]. 

3.3.  The ongoing nuclear fusion 

It is consistently fusing hydrogen in its core as it meets certain conditions for fusion reaction to occur. 

The main conditions required are extremely high temperature, high density, suitable container which in 

this case in the core for the fusion reaction. A High temperature is required because high average 

molecular kinetic energy of hydrogen is needed so as to overcome the repulsive force between positively 

charged protons. High density is required because the high rate of collision is needed to ensure decent 

rate of reaction. A suitable reaction vessel is needed because if not, the material undergoing fusion would 

touch the inappropriate vessel and stop the fusion [9-11]. 
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3.4.  The intensity and luminosity of radiation from the sun 

In this paragraph, we will examine the intensity of radiation and luminosity radiated from the sun and 

the spectrum of radiation received on the earth. First, intensity is formulated using  𝐼 =
𝐿

4𝜋𝑟2 , where 

intensity is denoted by I, the distance by r, and luminosity by L. The formula can be used to calculate 

the distance between the sun and nearby stars [9, 10, 12]. Also, it can be used to determine the surface 

temperature, or the surface area of the sun according to the Stefan-Boltzmann law 𝐿 = 𝜎𝐴𝑇4 , where T 

denotes the surface temperature and A is the surface area [9, 10, 13]. Besides, Wien’s law 𝜆𝑚𝑎𝑥𝑇 =
2.989 × 10−3 𝑚 𝐾 can be used to determine the wavelength at which the maximum energy is emitted 

from the sun [9, 10, 14].  

The graph below depicts the solar spectrum, in particular the visible spectrum of the solar spectrum. 

This colourful pattern can be seen if you shine a ray of sunlight through a glass prism. Experts used a 

large, prism-like experimental instrument to create this solar spectrum that is extremely detailed. The 

uppermost part of the spectrum is red light, with a wavelength of 7 × 10−7meters (700 nanometres). It 

covers all the visible light colours, including orange, yellow and green, at the lowermost part, there are 

blue and violet colours with a wavelength of 4 × 10−7 meters (400 nanometres). This spectrum has to 

be cut into strips since the spectrum is so detailed and long; each of the 50 strips spans a wavelength 

range of 6 × 10−9 meters (6 nanometres). The dark lines across are due the fact that light of certain 

frequency is being absorbed by various atoms in the sun’s atmosphere. This dark-line absorption 

spectrum is like a fingerprint of the sun; it can provide scientists with a lot of information associated 

with the chemical composition of the sun. Just to clarify, this spectrum was created by experts who used 

the McMath–Pierce solar telescope at the National Solar Observatory [15]. 

 

Figure 2. Solar radiation spectrum received on the earth (15). 

4.  Future evolution of the sun and the final destiny of the earth 

4.1.  Future evolution of the sun  

The sun will evolve in the future as time goes. Firstly, when hydrogen fusion ends main sequence 

star(sun) evolve into a red giant star. This happens when the sun sits near the top of the main sequence. 

Then, when helium fusion ends red giant star(sun) evolve into a white dwarf star. Red giant stars are 

located above the main sequence. Red giant star is larger (in surface area) and have a lower surface 

temperature and that white dwarf star is smaller (in surface area) and have a higher surface temperature. 
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Thus, we can plot the evolution of sun on the Hertzsprung-Russell (HR) diagram which shows the 

relationship between luminosity L and surface temperature T for a range of stars [3, 16]. 

 

Figure 3. Illustration of the sun evolution in the future on the HR diagram [17]. 

4.2.  Final destiny of the earth  

In 2008, two astrophysicists constructed a model of the evolution of the sun. According to their 

calculations, the mass loss of the sun increases after it becomes the red giant. When the sun expands to 

its maximum volume at this stage (approximately 250 times the current solar radius), the mass loss has 

reached approximately 33%. If we do not consider the tidal force exerted by the sun on the earth as the 

sun expands and becomes very close to the earth, the decrease in the mass of the sun will result in the 

radius of the earth's orbit around the sun increasing by a half, reaching about 320 times the current radius 

of the sun. In this case, the earth may still be able to escape the fate of being engulfed by the sun. 

However, after taking the consideration that the angular speed of rotation of the sun after the expansion 

is much slower than that of the earth, and the tidal force that the sun exerts on the earth will drag the 

earth towards the sun, their calculations indicate that the earth will drift outward at a slower rate than 

the sun's expansion, so the earth will eventually be engulfed by the sun. They estimate that this engulfing 

process will occur five hundred thousand years before the sun expands to its maximum size, 7.59 billion 

years later from now on. If the model is correct, as long as the earth's current orbit is moved outward by 

0.15 times the astronomical unit (earth's orbit radius is 15% larger), the earth can barely escape the fate 

of being swallowed by the sun. Once getting through the corona and getting below the sun's surface, the 

earth will be bombarded by a large amount of plasma matter surrounding it, and its orbit will continue 

to decrease, rapidly falling into the extremely hot core of the sun. Note that except for the three nearest 

planets to the sun will be swallowed by the sun, all other planets in the solar system will survive. 

Moreover, for a period of time after the engulfment, the survived planets will have a good time actually. 

Also, according to their calculations, the habitable zone of the solar system will drift into outer solar 

system, and liquid water will exist in areas far beyond Pluto's current orbit [3, 16]. 

5.  Conclusion 

About five billion years ago, a giant cloud in the spiral arm of the Milky Way galaxy contracted and 

collapsed in on itself. After separating, the atoms started to justle each other, thus generating heat. Finally, 

the temperature was enough for fusion to take place. As fusion occurred, a tiny bit of matter transformed 

into a whole lot of energy, and a star was born. In this way, our sun came into being. The sun formed 

within an interstellar cloud that was accumulating matter, after which the conversion from this matter to 

planetesimals and then accretion of the planetesimal followed. Finally, satellites had formed around the 

planets. The sun has 6 layers: core, radiative zone, convection zone, photosphere, chromosphere, and 
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corona. The sun is 8.3 kiloparsecs from the earth. The distance from the earth to the sun is calculated 

using the parallax method. We conduct parallax method by measuring the parallax angle, and then 

applying trigonometry. Another way of determining the distance utilizes Kepler’s Third Law, which 

requires the measurement of the earth orbital period around the sun. It is consistently fusing hydrogen 

in its core. Mainly because of the extremely high temperature in the core, the high density of the material 

undergoing fusion, and suitable container(core) for the fusion vessel. The intensity of the sun radiation 

is formulated using 𝐼 =
𝐿

4𝜋𝑟2 which can be used to calculate the distance between the sun and nearby 

stars. Wien’s law 𝜆𝑚𝑎𝑥𝑇 = 2.989 × 10−3 𝑚 𝐾 can be used to determine the wavelength at which the 

maximum energy is emitted from the sun. The sun will evolve in the future as time goes on. Firstly, 

when hydrogen fusion ends main sequence star(sun) evolves into a red giant star. Then, when helium 

fusion ends red giant star(sun) evolves into a white dwarf star. Once the sun becomes the red giant, the 

earth, Mercury, and Venus will be engulfed by the sun. 
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