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Abstract 

If a few simple approximations are made, the time for a free fall through the earth can be 

derived and calculated to approximately 42 minutes. In accordance with the law of energy 

conservation, this will be the case for any journey, since the longer the path is the faster one 

will travel, reaching maximum velocity at the center of the earth where the gravitational force is 

zero and then start to decelerate due to the gravitational force is changing direction and starts to 

pull the body back. 

  In this paper we will apply this theory and examine the possibilities of using this 

scenario as a means of transporting a train through the earth with gravity as the main force of 

movement. At first we will make a few simplifications of the earth model and examine the time 

it takes to travel through the earth between two points on the surface. After these 

simplifications are in place we will examine what will happen if we remove some of them, to 

see if it will reduce or increase the time of the journey, or perhaps not affect it at all. 

Introduction 

The deepest natural point on earth known to man is the Marina trench. It reaches 

maximum known depth at 10994 m, the deepest manned descent ever was by James Cameron 

in 2012 and took 2 hours and 36 minutes. If we travel further north, namely to Russia we would 

encounter the deepest man made point on earth, the Kola Superdeep Borehole. In 1970 the 

Soviet Union began to drill and reached an astonishing 12226 meters, and in terms of true 

depth, it is still the deepest borehole in the world. If one were to jump down the borehole, this 

person would fall and eventually hit the bottom at an immense speed, that is if the hole weren’t 

only 23cm in diameter and full of air that would slow down the fall a little. But what if we 

could keep drilling and eventually turn up at the other side, provided the digging takes place far 

enough from the earths core so the drill would not melt. Then said person could jump in to that 

hole and fall almost all the way to the other side of the world, and reach zero velocity as he 

does so. This due to the fact that gravity would pull that person back towards the middle as he 

passes the middle and then he would start to “fall” again, oscillating back and forth to finally 

come to a stop in the middle due to air resistance, this is in accordance with the law of energy 

conservation. Building on this idea, what if we could apply breaks and come to a stop when we 

reach the other side of the earth. Then we would be able to travel, through the earth, with aid of 

the gravitational force  

 The shortest way to any point is a straight line, so why are we traveling along the 

surface of the world, when it would be quicker and more energy-efficient to travel through the 

earth, using gravity as the force of movement? In this paper we will examine the benefits, 

possibilities and what stands in the way for this idea to become reality. 
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The first trip through earth. 

 Firstly, lets look at the shortest travel distance namely the straight line path. We will 

examine the following scenario for this train-ride by making make four assumptions:  

1. The gravitational tunnel was built successfully and evacuated of air, thus we will have no air 

resistance.  

2. That the earth is uniform thus the average density will apply through the whole journey, 

obviously this is not the case and we will treat the non-homogenous case later in this paper.  

3. That the earth’s rotation will not affect our train. 

4. That our train will not experience any mentionable friction from the rail it is travelling on.  

 When travelling between two points on a sphere it is beneficial to apply Newtons shell 

theorem, this is the theorem that states if the body is a spherical shell and a body is moving 

inside of it, no net gravitational force is exerted by the shell on any object inside, regardless of 

said objects position within the shell.  Fig 1, describes our simplified system of the earth, for 

this chapter, we will examine how long it would take to be fall from A to B. 

 

Fig 1. 

If we travel between two points on a sphere, the gravitational pull will differ from place to 

place with respect to the distance from us to the center of the sphere. Thus we must find an 

expression for the r-dependent force throughout the journey. 
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path, applying this to our hypocycloid path would decrease the travel time even further since 

for this scenario we spend an even longer period of time in the part of the earth with a higher 

gravitational acceleration. 

 

From thought to reality 

 

  After listing all these possibilities and advantages of travelling with a gravity train, how 

come none has ever been constructed? It comes down to a number of reasons actually, firstly as 

we concluded in chapter two, the tunnel must be evacuated of air, there is no technology 

available today for such a task as it would mean, for a tunnel with a 25 �, opening, evacuating 

approximately 1∙ 100 �"of air! And as we stated several times, it would be impossible to drill 

through the core, if we exclude that we are not certain of what would happened even if we 

could drill a hole in to the core of the earth, since we have no material today that would not 

melt at over 5000 K. Another advantage of drilling the tunnel on the outskirts of the outer core, 

is that of reduced pressure. Unfortunately, as the tectonic plates of earth are always shifting 

they make out for another big risk of the tunnel collapsing.  

Conclusion  

In summary, in this paper have learnt how to derive the equation of motion for the 

hypocycloid path through the earth, examined the structure of the earth and also how air density 

increases with depth. We have also shown and proven that a hypocycloid path in a non-uniform 

density earth will be the fastest path to travel through earth, ranging from 37-40 minutes instead 

of 42 for the straight path through a uniform density earth. This is due to the fact that the 

gravitational acceleration from the core is slightly higher at a few thousand kilometers beneath 

the surface and peaks at about 3500 kilometers depth, this is due to the increased density closer 

to the earths core. We have also concluded that the tunnel will need to be evacuated of air, if 

this is not the case our train will stop accelerating and reach maximum velocity extremely 

quickly due to the cushion of air it is pushing in front of it. Furthermore, even though we 

showed that through more advanced mathematical methods we could obtain a more efficient 

and time saving route than when basic mathematics and assumptions were applied, we still 

came within ten percent of the fastest route by using said simpler methods and assumptions. 

 

  Considering the technology that is available today, it is unlikely that this idea will 

become reality any time soon and and thus we will not be able to experience the gravity train as 

means of transportation. We are also missing a material that would not collapse and or melt due 

to extreme temperature for such a project. If all pieces would come in to place it would still be a 

few years in order to find funding for such a project. Since it would be extremely costly.  
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