
1 Calculating Orbits In Pi-Space 
 

In this chapter, I describe how to calculate generic orbits which may or may not be ellipses.  

This is based on two well-known formulas called The Law of the Sines and the Law of the 

Cosines.  I explain how these are generic extensions of the Pythagorean Theorem where the 

angle is not ninety degrees.  Recall that earlier I explained that the Pythagorean Theorem was 

just Pi-Spell/Atom addition.  From this we can continuously calculate the next position of an 

object in space.  I also initially explain the original work by Kepler and later Newton.  At the 

end there is an algorithmic approach and diagram to explain calculating the next position of 

an object.  Also, this approach has been implemented in a Java software project in Appendix 

A to show a simple working model.   

 

1.1 Kepler’s Law for Orbits 
 

Kepler formulated his laws based by studying the observations of the legendarily precise 

Danish astronomer Tycho Brahe.  The important point to note from a chronological 

perspective is that Newton derived his Gravity laws in part from Kepler’s Laws.  The 

Newtonian Gravity formula is a generalization of Kepler’s Laws.  Kepler’s three laws are. 

 

1. The orbit of every planet is an ellipse with the sun at one of the foci. 

2. A line joining a planet and the sun sweeps out equal areas during equal intervals of 

time.  This is also known as the law of equal areas. 

3. The squares of the orbital periods of planets are directly proportional to the cubes of 

the semi-major axis of the orbits. 

 

 

 

1.2 Generalizing Kepler’s Law into Pi-Space 
 
The problem with Kepler’s Laws is that the deal only with the elliptical orbital nature.  There 

are other types of orbits in terms of their shape which are elliptical, geosynchronous, circular, 

hyperbola and parabola.  In Pi-Space, we want a general rule for motion from which these 

types of orbits are produced. 

 



 
 

Newton undertook this task and produced a simple rule which can be applied in Pi-Space.  

The question that is essentially being asked is how can we add two forces together when they 

are acting in different directions and with different magnitudes?  In essence, this is Pi-Shell 

addition of multiple forces.  Let’s see how Newton solved this problem first before describing 

how we will do this in Pi-Space. 

 

1.3 Understanding the Law of the Cosines in Pi-Space 
 

So far, there is a problem in Pi-Space which is that we do not have a General Solution to 

Pythagoras’ Theorem where one of the angles is not 90 degrees.  The answer to this is to use 

the Law of the Cosines.  As I’ve shown, Pythagoras’ Theorem is simply Pi-Shell addition.  

Now, using the Law of the Cosines, we have Pi-Shell addition where one of the angles is not 

90 degrees.  Using this formula I will show how we can calculate Kepler style orbits in a 

stepwise function (per second steps or smaller). 

 

 

abCosbaceTraveleddis 2tan 222   

 



Law of Cosines is general solution to Pi-Shell 

addition

c b

a

Pi-Shell a moving 

in this direction a

Result c moving in this 

direction

Use Law of Cosines to add a 

and b together.  Each Pi-Shell 

is a ‘per second’ Pi-Shell

Pi-Shell a moving 

in this direction b

Cos (Theta)

a
b

c

 
 

1.4 Understanding the Law of the Sines in Pi-Space 
 

The Law of the Sines helps us determine the length or angle of a triangle.  This is useful for 

helping us solve problems when there is only limited information.  Later I’ll show how this is 

useful for calculating a new position in an orbit calculation.  For now, let’s just understand 

the geometric principle. 
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1.5 Applying the Law of the Cosines to a Cannon-Ball Example 
 

Using the Newtonian Cannon-ball example, it’s possible to solve by Position, Velocity or 

Time.  However, there is a more general way to solve this in Pi-Space using the Law of the 

Cosines which I will show. 

 

Newton solved the cannon ball example on Earth but unfortunately there was no general 

solution which also worked for an orbit.  Let’s examine the cannon ball example first and see 

how we can solve this using Pi-Space. 

 

In the cannon ball example, both the x and y motions are solved independent of one another. 

 

The upward motion y is solved for distance with the distance equation. 
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If we place values inside this equation, let’s say v=0.1, a=0.1 and solve for time in seconds 

 

Distance 

Time 

(seconds) 

Acceleration Velocity Distance Distance Delta 

1 0.1 0.1  0.15 0.15 

2 0.1 0.1 0.4 0.25  

3 0.1 0.1 0.75 0.35 

4 0.1 0.1 1.2 0.45  

 

There is another way to solve this in Pi-Space.  We simply use the Law of the Cosines and we 

use Velocities with are a fraction of C.  For example, if you wanted to solve for 20 MPH, 

you’d need to convert that to a fraction of C. 

 

Also, using the Law of the Cosines, you solve per second. 

 

It requires slightly new thinking.  We think of an upward motion in terms of a triangle.  

However, this triangle is flat; namely the angle is 180 degrees where both vertex are pointing 

in the same direction (which means the forces are added).  Cos of 180 degrees is -1.  Also, we 

have the velocity component and the acceleration component.  We halve the acceleration 

after one second to determine the average velocity and this is what is used in the formula.  

Later I’ll show how we can add a more accurate approximation.  We want to represent both 

in terms of distance.  So for the first second we do our calculation. 
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For t = 1 second, a=velocity per second, b= 

     1.0
2

1*1.0*21.0
2

11.0
2

22 s  

01.0025.001.02 s  

0225.02 s  

15.0s  

 

Solving for the next second (t = 2, a = 0.15 from last calculation) 

 

     1.0
2

1*15.0*21.0
2

115.0
2

22 s  

0625.02 s  

25.0s  

 

For t=1 we add up 0.15 and 0.25 which produces 0.4 which is the same as the table above.  

Clearly in the case for an orbiting planet the angle is constant changing but this simplified 

case shows us how we can replace the Newtonian formula with the Law of the Cosines and 

our understanding of Pi-Space. 

 

1.6 General Solution to Orbits for Pi Space using Law of the 
Sines and Law of the Cosines 

 

We can use the Law of the Cosines and the Law of the Sines to produce an elliptical orbit and 

the other types of orbits, using these two Laws in Pi-Space.  Remember that the position, 

velocity and time are the Product of Pi-Shell addition.  The Law of the Cosines and Law of 

the Sines are General Pi-Shell addition formulas. 

 

To calculate the orbit, all one needs to know is the distance from the center of gravity, the 

velocity of the object and its angle with respect to the center of gravity.  This is angle θ. 
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The high level steps are. 

 

1. Choose x1,y1 moving with velocity v under an acceleration a and angle θ to that 

Gravity field, center of gravity distance r, offset angle O wrt to axes 

2. Calculate a from Newton a = GM/r^2 (M is mass of object) 

3. Calculate the Interior Angle (180 – θ) of orbit triangle 

4. From 0.5a*t^2, vt and Interior Angle, calculate u (Law of Cosines) 

5. From u,Interior Angle, 0.5a*t^2, calculate β (Law of Sines) 

6. Calculate α from 180 – β - InteriorAngle 

7. Calculate S from t,u, α (Law of Cosines) 

8. Calculate M from s, α,u (Law of Sines) 

9. Calculate New Offset Angle = 0 + M 

10. Goto step 1, d(new) = s, θ(new) = θ – β, v(new) = u, offset angle O is O+M 

11. (new)x1 = s * Cos(90-New Offset Angle), (new)y1 = s * Sin(90-New Offset Angle) 

 

Note: See Appendix A for worked Java code implementing this idea 

 

 

 



1.7 Adding Forces In More than Two Dimensions 
 

The example above covers the case where we have force addition in two dimensions or on a 

plane.  The plane could be x,y or x,z for example.  How can we add these compressions on a 

Pi-Shell in three dimensions?  The answer is to use Tensors.  The simple idea behind tensors 

is that the forces are modeled on the planes that make up the dimension of the Space in 

question and then added up in each respective plane.  The total addition of all the forces (or 

whatever property is being studied) in the various planes is modeled by means of a matrix 

notation.  I will not cover this here in detail.  This shall be covered in the General Relativity 

section.  For now, all you need to understand is that three and four dimensional space force 

addition uses tensors but the basic idea of adding up individual forces on a plane still holds. 


