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Abstract

Celestara is a novel mathematical field focused on the study of celestial, sky-like structures and their
properties within abstract mathematical contexts. This paper introduces new notations, definitions, and
formulas to rigorously develop this field.

1 Notations and Definitions

1.1 Celestial Objects and Structures

• Celestial Object (C): An abstract representation of a star, planet, or other astronomical body.

C = {C1, C2, . . . , Cn}

where Ci represents individual celestial entities.

• Celestial Field (CF ): A function that maps points in space to celestial objects.

CF : R3 → C

• Celestial Coordinates (X): A tuple representing the position of a celestial object in space.

X = (x, y, z)

1.2 Celestial Dynamics

• Celestial Motion (M): Describes the movement of celestial objects over time.

M : R → R3

where M(t) gives the position of the object at time t.

• Gravitational Influence (G): A function describing the gravitational effect of a celestial object
on another.

G(X1,X2) = G
m1m2

|X1 −X2|2

where G is the gravitational constant, and m1, m2 are the masses of the objects at positions X1

and X2.

1.3 Celestial Patterns

• Constellation (K): A set of celestial objects forming a recognizable pattern.

K = {C1, C2, . . . , Ck}

• Celestial Map (CM): A projection of celestial objects onto a two-dimensional plane.

CM : R3 → R2
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2 Formulas and Theorems

2.1 Theorem: Stability of Celestial Systems

Theorem 2.1 (Celestial Stability). For a system of celestial objects under mutual gravitational influence,
there exists a set of initial conditions that result in a stable configuration.

Proof. Consider a system of n celestial objects with positions Xi and velocities Vi. The total energy E
of the system is given by

E = K + U =

n∑
i=1

1

2
mi|Vi|2 −

∑
i̸=j

Gmimj

|Xi −Xj |

where K is the kinetic energy and U is the potential energy. If E < 0, the system is bound and stable.

2.2 Celestial Transformation

Definition 2.2 (Celestial Transformation). A function T : R3 → R3 that maps one celestial configuration
to another.

T (X) = AX+ b

where A is a rotation matrix and b is a translation vector.

2.3 Orbital Dynamics

[OrbitalPath]The path of a celestial object under a central gravitational force follows an elliptical orbit given byr(θ) =
a(1− e2)

1 + e cos θ

where r is the distance from the focus, a is the semi-major axis, e is the eccentricity, and θ is the true
anomaly.

2.4 Celestial Lagrangian

[Lagrangian]The Lagrangian for a celestial system is given byL = T−V =

n∑
i=1

1

2
mi|Vi|2+

∑
i ̸=j

Gmimj

|Xi −Xj |

where T is the total kinetic energy and V is the potential energy.

2.5 Euler-Lagrange Equations

The equations of motion for the celestial system can be derived from the Euler-Lagrange equations:

d

dt

(
∂L
∂Ẋi

)
− ∂L

∂Xi
= 0

3 Applications

Celestara can be applied to model various astronomical phenomena, such as:

• Galaxy Formation: Studying the formation and evolution of galaxies through celestial dynamics.

• Orbital Mechanics: Analyzing the orbits of planets and satellites using the orbital path equa-
tions.

• Cosmology: Exploring the large-scale structure of the universe with celestial fields and transfor-
mations.

By rigorously developing the mathematical foundations of celestial structures, Celestara provides a
robust framework for understanding and predicting the behavior of astronomical phenomena.
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