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Gravity 
•  In Newton’s Time is was considered to be the attraction of objects to 

each other due to their mass. 

•  Einstein later reformulated this idea; gravity is a consequence of the 
curvature of space-time. 

•  Although Newton was wrong, his equation for force due to gravity 
still works for most calculations. This equation is depicted below 



Quantum Mechanics 
•  Where general relativity and gravity focus mainly on the physics of large 

objects, Quantum Mechanics focuses on the physics of small particles. 
•  Quantum Mechanics focuses on topics such as the Heisenburg Uncertainty 

principle, Schrodinger’s Wave Equation, particle-wave duality, etc. 
•  The Heisenburg Uncertainty Principle tells says when looking at a 

subatomic particle, if you know a the momentum very well it makes the 
location of the particle harder to pinpoint. The opposite is true, where if you 
know the location of a particle relatively well the momentum is very hard to 
determine. This is a consequence of the Schrodinger Equation. 

ΔX ΔP≥ πh 

•  The forces that are at work on these particle are the strong nuclear force, 
the weak nuclear force, and the electromagnetic force. 



Looking for that GUT 
•  One of the biggest goals in physics has been to find a theory that can 

unify the three forces from Quantum Mechanics and gravity from 
Einstein's special relativity. 

•  String Theory is one of the more recent and famous attempts at 
unifying physics. This played off the idea that matter was made of 
small vibrating strings of energy. The way these strings vibrated is 
what gave matter its characteristics. 

•  M-Theory bases its ideas off of string theory but used 11 dimensions 
instead of 10. Many people say this brings the many versions of string 
theory and improves upon them. 

•  There have been many other attempts at GUT’s, the ones listed 
above are the most well known. In any case, these theories all have 
some holes and they all have critics.  



Quantum Gravity 
•  Loop Quantum Gravity is the newest and most promising GUT. Like the others, it 

seeks to unify the four forces into one idea that can be applied to large bodies 
and small bodies alike. 

•  One of the more interesting consequences of Loop Quantum Gravity is the fact 
the time and space are taken to be discrete instead of being continuous. They are 
both on the Planck scale where the minimum distance that can exist is 10-35 
meters and the minimum amount of time is 10-43 seconds. This contradicts all 
previous theories about how the universe works. 

•  The most interesting part of this theory has to do with black holes. Because 
space would no longer be continuous, the singularity in a black hole would no 
longer exist because the smallest size it could be is 10-35 meters. Loop gravity 
suggests the new atomic-like structure of space changes gravity into a force that 
can repel. Think of space like a sponge and matter like water. A sponge will 
absorb water until it becomes completely saturated at which point it will repel 
water. This is the new way physicists are beginning to look at gravity. 

•  There has been a correction to the way gravity works in this new theory. The old 
form of gravitational potential and the new form are very different. 



Old Potential and New Potential 
The old equation for gravitational potential looks like this: 

The new equation for gravitational potential has been modified to look 
like this: 

This change is very important because it changes the potential gravity 
has as well as affecting the motion of particles. 



My Project 
      As stated previously, it seems that due to LQG that the gravitational potential 

may difference may be lead to something that is testable. The first step would 
be to see what the difference between the old and new versions of 
gravitational potential are. After that, a derivation of the motion of a particle 
could be done to test how a particle would move with respect to time due to 
this force. 



Difficulties 
•  I had a very hard time initially grasping this concept. The whole idea 

of life being more or less a slide show rather than a movie was really 
strange to me. However, as I studied the subject more in depth it 
began to make more sense to me. 

•  Another problem I had initially was writing the code. It had been a 
while since I had worked with a programming language so I was very 
rusty. At first I when I wrote the initial code it wouldn’t compile. Then 
after I finally got it to compile, the answers I was getting did not make 
any sense at all. 

•  For the second part of this project inexperience in mathematics was 
huge problem. It is required to use an RK4 method and I’m not 
familiar with Runge-Kutta at all. Most of my time was spent trying to 
figure this out. 



Results 
Tennis 
Ball 

Earth Sun Red 
Giant 

Black 
Hole 

Mass 
(kg) 

1 5.974x10^24 1.988x10^30 1.988x10^31 1.988x10^33 

Radius 
(km) 

5.632x10^-10 6378.1 6.955x10^5 1.391x10^8 7000 

Old 
Potential
(Nm/kg) 

6.7x10^-10 6.246x10^8 1.907x10^13 9.533x10^11 1.895x10^18 

New 
Potential 

6.65x 10^-10 6.184x10^8 1.892x10^13 6.504x10^11 1.882x10^18 



What’s Next 
•  The next step in this project would be to finish solving for the radius of the 

particle with respect to time. 
•  If this process was done with realistic numbers for “P” it would enable 

physicists to test LQG predictions and determine whether or not it was a 
correct GUT. 

•  If proven to be the correct GUT, this would rock the foundation of physics 
and would be the greatest discover humanity has ever seen. 


