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Abstract 

 

As a star grows old, swells, then collapses on itself, often you will hear the word “black hole” thrown around. The black hole is a 

gravitationally collapsed mass, from which no light, matter, or signal of any kind can escape. These exotic objects have captured 

our imagination ever since they were predicted by Einstein's Theory of General Relativity in 1915. So what exactly is a black hole? 

A black hole is what remains when a massive star dies. Not every star will become a black hole, only a select few with extremely 

large masses. In order to have the ability to become a black hole, a star will have to have about 20 times the mass of our Sun. No 

known process currently active in the universe can form black holes of less than stellar mass. This is because all present black hole 

formation is through gravitational collapse, and the smallest mass which can collapse to form a black hole produces a hole 

approximately 1.5-3.0 times the mass of the sun .Smaller masses collapse to form white dwarf stars or neutron stars. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Soon after Albert Einstein formulated theory of relativity, it was realized that his equations have solutions in closed form. One 

naturally first tries to find solutions with maximal symmetry, being the radially symmetric case. Much later, also more general 

solutions, having less symmetry, were discovered. These solutions, however, showed some features that, at first, were difficult to 

comprehend. There appeared to be singularities that could not possibly be accepted as physical realities, until it was realized that 

at least some of these singularities were due only to appearances. Upon closer examination, it was discovered what their true 

physical nature is. It turned out that, at least in principle, a space traveller could go all the way in such a “thing” but never return. 

Indeed, also light would not emerge out of the central region of these solutions. It was John Archibald Wheeler who dubbed these 

strange objects “black holes” 

II. WHAT IS A BLACK HOLE? 

A black hole is a geometrically defined region of space time exhibiting such strong gravitational effects that nothing including 

particles and electromagnetic radiation such as light can escape from inside it [1]. The theory of general relativity predicts that a 

sufficiently compact mass can deform space time to form a black hole [2, 3]. The boundary of the region from which no escape is 

possible is called the event horizon. Although crossing the event horizon has enormous effect on the fate of the object crossing it, 

it appears to have no locally detectable features. In many ways a black hole acts like an ideal black body, as it reflects no light [4, 

5]. Moreover, quantum field theory in curved space time predicts that event horizons emit Hawking radiation, with the same 

spectrum as a black body of a temperature inversely proportional to its mass. This temperature is on the order of billionths of a 

kelvin for black holes of stellar mass, making it essentially impossible to observe. 

 
Fig. 1: Simulated view of a black hole in front of the Magellan cloud. 
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Loosely speaking, a black hole (Fig.1) is a region of space that has so much mass concentrated in it that there is no way for a 

nearby object to escape its gravitational pull. Since our best theory of gravity at the moment is Einstein's general theory of relativity, 

we have to delve into some results of this theory to understand black holes in detail, but let's start of slow, by thinking about gravity 

under fairly simple circumstances. 

Suppose that you are standing on the surface of a planet. You throw a rock straight up into the air. Assuming you doesn’t throw 

it too hard, it will rise for a while, but eventually the acceleration due to the planet's gravity will make it start to fall down again. 

If you threw the rock hard enough, though, you could make it escape the planet's gravity entirely. It would keep on rising forever. 

The speed with which you need to throw the rock in order that it just barely escapes the planet's gravity is called the "escape 

velocity." As you would expect, the escape velocity depends on the mass of the planet: if the planet is extremely massive, then its 

gravity is very strong, and the escape velocity is high. A lighter planet would have a smaller escape velocity. The escape velocity 

also depends on how far you are from the planet's center: the closer you are, the higher the escape velocity. The Earth's escape 

velocity is 11.2 kilometers per second (about 25,000 m.p.h.), while the Moon's is only 2.4 kilometers per second (about 5300 

m.p.h.). Now imagine an object with such an enormous concentration of mass in such a small radius that its escape velocity was 

greater than the velocity of light. Then, since nothing can go faster than light, nothing can escape the object's gravitational field. 

Even a beam of light would be pulled back by gravity and would be unable to escape. 

The idea of a mass concentration so dense that even light would be trapped goes all the way back to Laplace in the 18th century. 

Almost immediately after Einstein developed general relativity, Karl Schwarzschild discovered a mathematical solution to the 

equations of the theory that described such an object. It was only much later, with the work of such people as Oppenheimer, 

Volkoff, and Snyder in the 1930's that people thought seriously about the possibility that such objects might actually exist in the 

Universe. These researchers showed that when a sufficiently massive star runs out of fuel, it is unable to support itself against its 

own gravitational pull, and it should collapse into a black hole. 

In general relativity, gravity is a manifestation of the curvature of space time. Massive objects distort space and time, so that the 

usual rules of geometry don't apply anymore. Near a black hole, this distortion of space is extremely severe and causes black holes 

to have some very strange properties. In particular, a black hole has something called an 'event horizon.' This is a spherical surface 

that marks the boundary of the black hole. You can pass in through the horizon, but you can't get back out. In fact, once you've 

crossed the horizon, you're doomed to move inexorably closer and closer to the 'singularity' at the center of the black hole. You 

can think of the horizon as the place where the escape velocity equals the velocity of light. Outside of the horizon, the escape 

velocity is less than the speed of light, so if you fire your rockets hard enough, you can give yourself enough energy to get away. 

But if you find yourself inside the horizon, then no matter how powerful your rockets are, you can't escape. 

The horizon has some very strange geometrical properties. To an observer who is sitting still somewhere far away from the 

black hole, the horizon seems to be a nice, static, unmoving spherical surface. But once you get close to the horizon, you realize 

that it has a very large velocity. In fact, it is moving outward at the speed of light! That explains why it is easy to cross the horizon 

in the inward direction, but impossible to get back out. Since the horizon is moving out at the speed of light, in order to escape 

back across it, you would have to travel faster than light. You can't go faster than light, and so you can't escape from the black 

hole. Once you're inside of the horizon, space time is distorted so much that the coordinates describing radial distance and time 

switch roles. That is, "r", the coordinate that describes how far away you are from the center, is a time like coordinate, and "t" is a 

space like one. One consequence of this is that you can't stop yourself from moving to smaller and smaller values of r, just as under 

ordinary circumstances you can't avoid moving towards the future (that is, towards larger and larger values of t). Eventually, you're 

bound to hit the singularity at r = 0. Incidentally, the name 'black hole' was invented by John Archibald Wheeler, and seems to 

have stuck because it was much catchier than previous names. Before Wheeler came along, these objects were often referred to as 

'frozen stars.' 

When the body is outside of the gravitational pull, its kinetic energy and potential energy will be 0, so if we equate them, 

                                (1) 

And then rearrange for “v” we get an expression for the escape velocity 

                                (2) 

Where “M” is the mass of the planet or body, and “r” is the radius. Cambridge scientist John Michell argued that if you made 

the value of M big enough in the escape velocity formula, then you could get a value for v that was bigger than the speed of light. 

We wouldn’t be able to see these objects as no light would be able to reach us, and, as nothing can travel faster than light, no 

objects would be able to escape their pull once they were close enough. This is a Black Hole. 

III. HOW BIG IS A BLACK HOLE? 

There are at least two different ways to describe how big something is. 

 We can say how much mass it has, or 

 We can say how much space it takes up. 
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Let's talk first about the masses of black holes. There is no limit in principle to how much or how little mass a black hole can 

have. Any amount of mass at all can in principle be made to form a black hole if you compress it to a high enough density. We 

suspect that most of the black holes that are actually out there were produced in the deaths of massive stars, and so we expect those 

black holes to weigh about as much as a massive star. A typical mass for such a stellar black hole would be about 10 times the 

mass of the Sun, or about 1031 kilograms. Astronomers also suspect that many galaxies harbor extremely massive black holes at 

their centers. These are thought to weigh about a million times as much as the Sun, or 1036 kilograms. The more massive a black 

hole is, the more space it takes up. In fact, the Schwarzschild radius (which means the radius of the horizon) and the mass are 

directly proportional to one another: if one black hole weighs ten times as much as another, its radius is ten times as large. A black 

hole with a mass equal to that of the Sun would have a radius of 3 kilometers. So a typical 10-solar-mass black hole would have a 

radius of 30 kilometers, and a million-solar-mass black hole at the center of a galaxy would have a radius of 3 million kilometers. 

Three million kilometers may sound like a lot, but it's actually not so big by astronomical standards. The Sun, for example, has a 

radius of about 700,000 kilometers, and so that supermassive black hole has a radius only about four times bigger than the Sun. 

IV. CONCLUSION 

In the physics of neutron stars and black holes, we clearly see the central role of general relativity in modern astrophysics. 

Relativistic physics is necessary to fully understand the most energetic phenomena in the universe - from supernova explosions of 

stars to the driving force that makes some active galactic nuclei the brightest objects in the universe. 
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