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    AstroUtils

AstroUtils is a small Elixir package for spherical geometry, vector and matrix
math, circular statistics, Keplerian mechanics, and time-scale helper
functions.
The library is pure computation: it performs no I/O, starts no processes, and
has no runtime dependencies. It ships no ephemeris data — you supply the
numbers, it does the trigonometry.
Installation
Add astro_utils to your dependencies:
def deps do
  [
    {:astro_utils, "~> 0.1.0"}
  ]
end
Modules
	Module	Purpose
	AstroUtils.Angle	Angle normalization, conversion, angular distance, and signed deltas
	AstroUtils.Vector	3D vector operations on {x, y, z} tuples
	AstroUtils.Matrix3	3x3 rotation matrices and vector multiplication
	AstroUtils.Coordinates	Spherical coordinate transforms such as ecliptic longitude to altitude and azimuth
	AstroUtils.Kepler	Kepler equation solving, true anomaly/radius conversion, and orbital-plane rotations
	AstroUtils.CircularStats	Circular mean and minimal covering arc for angular samples
	AstroUtils.Time	Julian-century helpers for time-dependent formulae
	AstroUtils.Math	Small numeric helpers

Conventions
	Angles are in degrees except where a name says _rad: AstroUtils.Matrix3
rotations and AstroUtils.Kepler anomalies take radians.
	Longitudes normalize to [0, 360). Signed deltas use (-180, 180].
	Vectors are {x, y, z} float tuples. Matrices are row-major lists of three
three-element lists.
	Distances are unitless: whatever unit you pass in comes back out. Kepler
argument names say AU because that is the common case, not a requirement.
	Azimuth is measured from North, increasing eastward (0° = N, 90° = E).

Examples
Angles, including the wrap-around cases that trip up naive arithmetic:
AstroUtils.Angle.normalize_360(725.0)
# => 5.0

AstroUtils.Angle.angular_distance(359.0, 1.0)
# => 2.0

AstroUtils.Angle.signed_delta(1.0, 359.0)
# => -2.0

AstroUtils.CircularStats.circular_mean([350.0, 10.0])
# => 0.0

AstroUtils.CircularStats.circular_mean([90.0, 270.0])
# => :undefined

AstroUtils.CircularStats.minimal_covering_arc([350.0, 10.0, 20.0])
# => {:arc, 30.0, 350.0}
Vectors and rotations. Rotation matrices act on vectors (an active rotation);
transpose one to invert it:
alias AstroUtils.{Matrix3, Vector}

Vector.normalize({3.0, 4.0, 0.0})
# => {0.6, 0.8, 0.0}

Vector.cross({1.0, 0.0, 0.0}, {0.0, 1.0, 0.0})
# => {0.0, 0.0, 1.0}

Matrix3.rot_z(:math.pi() / 2) |> Matrix3.multiply_vector({1.0, 0.0, 0.0})
# => {6.123233995736766e-17, 1.0, 0.0}
Position a body from its orbital elements: solve Kepler's equation, convert to
a true anomaly and radius, then rotate the orbital plane into the ecliptic
frame.
alias AstroUtils.Kepler

a_au = 2.5
e = 0.15
mean_anomaly_rad = 0.75

eccentric = Kepler.solve_kepler(mean_anomaly_rad, e)
{true_anomaly, r} = Kepler.true_anomaly_and_radius(eccentric, e, a_au)

Kepler.orbital_to_ecliptic(
  r * :math.cos(true_anomaly),
  r * :math.sin(true_anomaly),
  # argument of perihelion, inclination, longitude of ascending node (degrees)
  60.0,
  8.0,
  120.0
)
# => {-1.231328244081215, -1.8698914150208263, 0.2812653910289619}
AstroUtils.Time.julian_centuries/1 produces the T argument that Meeus,
IERS, and IAU polynomial series expect:
AstroUtils.Time.julian_centuries(2451545.0)
# => 0.0
Documentation
Published docs live at hexdocs.pm/astro_utils.
Build them locally with mix docs.
License
MIT. See LICENSE.


  

    Changelog

0.1.0
Initial public package preparation.


  

    Contributing

Thanks for helping improve AstroUtils.
Development
Run the standard checks before opening a pull request:
mix format --check-formatted
mix test
mix credo --strict

Public functions should include @spec and clear documentation. Keep changes
focused, add or update tests for behavior changes, and avoid adding runtime
dependencies unless they are necessary for the library itself.


  

    LICENSE


MIT License

Copyright (c) 2026 Jake Johnson

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.



  

    
AstroUtils 
    



      
Math primitives for working with angles, vectors, rotations, circular data,
Keplerian mechanics, and time-scale helper formulae.
This module is a namespace only; the functions live in the modules below.
	Module	Purpose
	AstroUtils.Angle	Degree/radian conversion, normalization, angular distance, signed deltas
	AstroUtils.Vector	3D vector algebra on {x, y, z} tuples
	AstroUtils.Matrix3	3x3 rotation matrices and matrix/vector products
	AstroUtils.Coordinates	Spherical transforms, e.g. ecliptic longitude to altitude/azimuth
	AstroUtils.Kepler	Kepler's equation, true anomaly and radius, orbital-plane rotation
	AstroUtils.CircularStats	Circular mean and minimal covering arc
	AstroUtils.Time	Julian centuries from J2000.0
	AstroUtils.Math	Rounding helper

Conventions
	Angles are in degrees unless a name says _rad or the function is
documented as taking radians (AstroUtils.Matrix3 rotations and
AstroUtils.Kepler anomalies).
	Longitudes normalize to [0, 360); signed deltas use (-180, 180].
	Vectors are {x, y, z} float tuples; 3x3 matrices are row-major lists.
	Distances carry no unit; whatever unit goes in comes out.

Everything is pure computation: no I/O, no processes, no runtime
dependencies, and no ephemeris data.

      




  

    
AstroUtils.Angle 
    



      
Angle normalization, conversion, and distance functions.
All functions take and return degrees unless the name says otherwise
(deg_to_rad/1, rad_to_deg/1). Inputs may be any real value: the
normalizing functions accept negative and out-of-range angles and fold them
into their documented output range.
iex> AstroUtils.Angle.normalize_360(-90.0)
270.0

      


      
        Summary


  
    Types
  


    
      
        degree()

      


        An angle in degrees.



    





  
    Functions
  


    
      
        angular_distance(a, b)

      


        Unsigned minimal-arc separation between two angles, in [0, 180].



    


    
      
        atan2_lon(y, x)

      


        Compute atan2(y, x) and return the result in degrees in [0, 360).



    


    
      
        deg_to_rad(deg)

      


        Convert degrees to radians.



    


    
      
        normalize_360(angle)

      


        Normalize any angle to [0, 360).



    


    
      
        rad_to_deg(rad)

      


        Convert radians to degrees.



    


    
      
        signed_delta(lon1, lon2)

      


        Signed shortest-path delta from lon1 to lon2, in (-180, 180].



    





      


      
        Types


        


  
    
      
    
    
      degree()



        
          
        

    

  


  

      

          @type degree() :: float()


      


An angle in degrees.

  


        

      

      
        Functions


        


  
    
      
    
    
      angular_distance(a, b)



        
          
        

    

  


  

      

          @spec angular_distance(number(), number()) :: degree()


      


Unsigned minimal-arc separation between two angles, in [0, 180].
Symmetric in its arguments, and unaffected by adding whole turns to either
input.
Examples
iex> AstroUtils.Angle.angular_distance(359.0, 1.0)
2.0

iex> AstroUtils.Angle.angular_distance(0.0, 190.0)
170.0

  



  
    
      
    
    
      atan2_lon(y, x)



        
          
        

    

  


  

      

          @spec atan2_lon(number(), number()) :: degree()


      


Compute atan2(y, x) and return the result in degrees in [0, 360).
Handy for recovering a longitude from the x/y components of a vector, where
y is the component 90° ahead of x.
Examples
iex> AstroUtils.Angle.atan2_lon(1.0, 0.0)
90.0

iex> AstroUtils.Angle.atan2_lon(-1.0, -1.0)
225.0

  



  
    
      
    
    
      deg_to_rad(deg)



        
          
        

    

  


  

      

          @spec deg_to_rad(number()) :: float()


      


Convert degrees to radians.
Examples
iex> AstroUtils.Angle.deg_to_rad(180.0)
3.141592653589793

  



  
    
      
    
    
      normalize_360(angle)



        
          
        

    

  


  

      

          @spec normalize_360(number()) :: degree()


      


Normalize any angle to [0, 360).
Exactly 360.0 is never returned; values that land on the wrap point come
back as 0.0.
Examples
iex> AstroUtils.Angle.normalize_360(725.0)
5.0

iex> AstroUtils.Angle.normalize_360(-90.0)
270.0

iex> AstroUtils.Angle.normalize_360(360.0)
0.0

  



  
    
      
    
    
      rad_to_deg(rad)



        
          
        

    

  


  

      

          @spec rad_to_deg(number()) :: float()


      


Convert radians to degrees.
Examples
iex> AstroUtils.Angle.rad_to_deg(:math.pi())
180.0

  



  
    
      
    
    
      signed_delta(lon1, lon2)



        
          
        

    

  


  

      

          @spec signed_delta(number(), number()) :: degree()


      


Signed shortest-path delta from lon1 to lon2, in (-180, 180].
Positive means lon2 is ahead of lon1 in the direction of increasing
longitude. The exactly-antipodal case is reported as +180.0, never
-180.0, so the range is half-open on the negative side.
Examples
iex> AstroUtils.Angle.signed_delta(359.0, 1.0)
2.0

iex> AstroUtils.Angle.signed_delta(1.0, 359.0)
-2.0

iex> AstroUtils.Angle.signed_delta(0.0, 180.0)
180.0

  


        

      


  

    
AstroUtils.Coordinates 
    



      
Coordinate-system transforms on the sphere.
These functions implement spherical trigonometry identities with no
ephemeris data, process state, or I/O.

      


      
        Summary


  
    Functions
  


    
      
        ecliptic_to_horizontal(ecl_lon_deg, obliquity_deg, lst_deg, lat_deg)

      


        Convert an ecliptic longitude (on the ecliptic plane, lat = 0) to local
horizontal coordinates (altitude, azimuth).



    





      


      
        Functions


        


  
    
      
    
    
      ecliptic_to_horizontal(ecl_lon_deg, obliquity_deg, lst_deg, lat_deg)



        
          
        

    

  


  

      

          @spec ecliptic_to_horizontal(number(), number(), number(), number()) ::
  {float(), float()}


      


Convert an ecliptic longitude (on the ecliptic plane, lat = 0) to local
horizontal coordinates (altitude, azimuth).
Uses standard spherical trigonometry:
	ecliptic → equatorial via obliquity rotation
	equatorial → hour-angle via local sidereal time
	hour-angle + declination → altitude / azimuth

All inputs and outputs are in degrees.  Azimuth convention: 0° = North,
90° = East, increasing clockwise (standard astronomical/navigational
convention).
The result is the geometric direction. Ecliptic latitude is assumed to be
zero, and no correction is applied for atmospheric refraction, parallax, or
observer elevation.
Parameters
	ecl_lon_deg — ecliptic longitude in degrees (0–360; other values are
handled by the trigonometry and need not be normalized)
	obliquity_deg — obliquity of the ecliptic in degrees (~23.44 currently)
	lst_deg — local sidereal time in degrees (0–360); multiply sidereal
hours by 15 to get degrees
	lat_deg — observer geographic latitude in degrees (−90 to 90, north
positive)

Returns
  {altitude_deg, azimuth_deg} where altitude ∈ [-90, 90] and
  azimuth ∈ [0, 360). Azimuth is not meaningful at the zenith and nadir,
  where it degenerates to 0.0.
Examples
Seen from the equator with the vernal equinox on the meridian, the
summer-solstice point (ecliptic longitude 90°) sits on the eastern horizon,
north of due east by the obliquity:
iex> {alt, az} = AstroUtils.Coordinates.ecliptic_to_horizontal(90.0, 23.44, 0.0, 0.0)
iex> {Float.round(alt, 6), Float.round(az, 6)}
{0.0, 66.56}

  


        

      


  

    
AstroUtils.Matrix3 
    



      
3x3 matrix operations, primarily for rotations.
A matrix is a row-major list of three three-element lists, i.e.
[[r11, r12, r13], [r21, r22, r23], [r31, r32, r33]]. Every function here
assumes that exact shape; other shapes either raise FunctionClauseError
or produce garbage rather than a friendly error.
Rotation convention
rot_x/1, rot_y/1, and rot_z/1 return active (vector) rotations in a
right-handed frame: multiply_vector/2 rotates the vector counter-clockwise
about the named axis by the given angle, as seen looking down that axis
toward the origin. Angles are in radians; use AstroUtils.Angle.deg_to_rad/1
for degree input.
Astronomy references often tabulate the opposite (frame) convention, where
the axes rotate and the vector stays put. transpose/1 converts between the
two, since rotation matrices are orthogonal and their transpose is their
inverse.
iex> alias AstroUtils.Matrix3
iex> Matrix3.rot_z(:math.pi() / 2)
...> |> Matrix3.multiply_vector({1.0, 0.0, 0.0})
...> |> then(fn {x, y, z} -> {Float.round(x, 12), Float.round(y, 12), Float.round(z, 12)} end)
{0.0, 1.0, 0.0}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A 3x3 matrix as a row-major list of three rows.



    


    
      
        vector()

      


        A 3D vector as an {x, y, z} tuple.



    





  
    Functions
  


    
      
        identity()

      


        The 3x3 identity matrix.



    


    
      
        multiply(a, b)

      


        Matrix product a · b.



    


    
      
        multiply_vector(list, arg)

      


        Apply a matrix to a column vector, returning m · v.



    


    
      
        rot_x(theta)

      


        Rotation of theta radians about the x-axis.



    


    
      
        rot_y(theta)

      


        Rotation of theta radians about the y-axis.



    


    
      
        rot_z(theta)

      


        Rotation of theta radians about the z-axis.



    


    
      
        transpose(list)

      


        Swap rows and columns.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: [[float()]]


      


A 3x3 matrix as a row-major list of three rows.

  



  
    
      
    
    
      vector()



        
          
        

    

  


  

      

          @type vector() :: {float(), float(), float()}


      


A 3D vector as an {x, y, z} tuple.

  


        

      

      
        Functions


        


  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: t()


      


The 3x3 identity matrix.
Examples
iex> AstroUtils.Matrix3.identity()
[[1.0, 0.0, 0.0], [0.0, 1.0, 0.0], [0.0, 0.0, 1.0]]

  



  
    
      
    
    
      multiply(a, b)



        
          
        

    

  


  

      

          @spec multiply(t(), t()) :: t()


      


Matrix product a · b.
Matrix multiplication is not commutative. When composing rotations that
will be applied with multiply_vector/2, the right-most factor acts on the
vector first, so multiply(rot_z(c), multiply(rot_x(b), rot_z(a))) applies
rot_z(a), then rot_x(b), then rot_z(c).
Works for any 3x3 matrices, not only rotations.
Examples
iex> m = [[1.0, 2.0, 3.0], [4.0, 5.0, 6.0], [7.0, 8.0, 9.0]]
iex> AstroUtils.Matrix3.multiply(m, AstroUtils.Matrix3.identity())
[[1.0, 2.0, 3.0], [4.0, 5.0, 6.0], [7.0, 8.0, 9.0]]

  



  
    
      
    
    
      multiply_vector(list, arg)



        
          
        

    

  


  

      

          @spec multiply_vector(t(), vector()) :: vector()


      


Apply a matrix to a column vector, returning m · v.
Examples
iex> AstroUtils.Matrix3.multiply_vector(AstroUtils.Matrix3.identity(), {1.0, 2.0, 3.0})
{1.0, 2.0, 3.0}

  



  
    
      
    
    
      rot_x(theta)



        
          
        

    

  


  

      

          @spec rot_x(number()) :: t()


      


Rotation of theta radians about the x-axis.
Leaves the x component unchanged and rotates y toward z.
Examples
iex> AstroUtils.Matrix3.rot_x(:math.pi())
...> |> AstroUtils.Matrix3.multiply_vector({0.0, 1.0, 0.0})
...> |> then(fn {x, y, z} -> {Float.round(x, 12), Float.round(y, 12), Float.round(z, 12)} end)
{0.0, -1.0, 0.0}

  



  
    
      
    
    
      rot_y(theta)



        
          
        

    

  


  

      

          @spec rot_y(number()) :: t()


      


Rotation of theta radians about the y-axis.
Leaves the y component unchanged and rotates z toward x.

  



  
    
      
    
    
      rot_z(theta)



        
          
        

    

  


  

      

          @spec rot_z(number()) :: t()


      


Rotation of theta radians about the z-axis.
Leaves the z component unchanged and rotates x toward y.

  



  
    
      
    
    
      transpose(list)



        
          
        

    

  


  

      

          @spec transpose(t()) :: t()


      


Swap rows and columns.
For a rotation matrix the transpose is also the inverse, so this is how you
invert a rotation without solving anything.
Examples
iex> AstroUtils.Matrix3.transpose([[1.0, 2.0, 3.0], [4.0, 5.0, 6.0], [7.0, 8.0, 9.0]])
[[1.0, 4.0, 7.0], [2.0, 5.0, 8.0], [3.0, 6.0, 9.0]]

  


        

      


  

    
AstroUtils.Vector 
    



      
3D vector operations on {x, y, z} tuples.
Vectors are plain three-element tuples of floats, so they are cheap to
build, pattern-match, and pass around. Components are unitless: the caller
decides whether a vector holds AU, kilometres, or a direction cosine.
Functions are total for finite float input; the only special case is
normalize/1 on the zero vector, which returns the zero vector rather
than raising.
iex> alias AstroUtils.Vector
iex> Vector.cross({1.0, 0.0, 0.0}, {0.0, 1.0, 0.0})
{0.0, 0.0, 1.0}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A 3D vector as an {x, y, z} tuple.



    





  
    Functions
  


    
      
        add(arg1, arg2)

      


        Component-wise sum a + b.



    


    
      
        cross(arg1, arg2)

      


        Cross (vector) product a × b, following the right-hand rule.



    


    
      
        dot(arg1, arg2)

      


        Dot (scalar) product of two vectors.



    


    
      
        magnitude(arg)

      


        Euclidean length (L2 norm) of a vector.



    


    
      
        negate(arg)

      


        Reverse a vector's direction, preserving its magnitude.



    


    
      
        normalize(arg)

      


        Scale a vector to unit length.



    


    
      
        scale(arg, s)

      


        Multiply every component by the scalar s.



    


    
      
        subtract(arg1, arg2)

      


        Component-wise difference a - b.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: {float(), float(), float()}


      


A 3D vector as an {x, y, z} tuple.

  


        

      

      
        Functions


        


  
    
      
    
    
      add(arg1, arg2)



        
          
        

    

  


  

      

          @spec add(t(), t()) :: t()


      


Component-wise sum a + b.
Examples
iex> AstroUtils.Vector.add({1.0, 2.0, 3.0}, {4.0, 5.0, 6.0})
{5.0, 7.0, 9.0}

  



  
    
      
    
    
      cross(arg1, arg2)



        
          
        

    

  


  

      

          @spec cross(t(), t()) :: t()


      


Cross (vector) product a × b, following the right-hand rule.
The result is orthogonal to both inputs, and is the zero vector when the
inputs are parallel. The operation is anticommutative:
cross(a, b) == negate(cross(b, a)).
Examples
iex> AstroUtils.Vector.cross({1.0, 0.0, 0.0}, {0.0, 1.0, 0.0})
{0.0, 0.0, 1.0}

iex> AstroUtils.Vector.cross({1.0, 0.0, 0.0}, {2.0, 0.0, 0.0})
{0.0, 0.0, 0.0}

  



  
    
      
    
    
      dot(arg1, arg2)



        
          
        

    

  


  

      

          @spec dot(t(), t()) :: float()


      


Dot (scalar) product of two vectors.
For unit vectors the result is the cosine of the angle between them, so
0.0 means orthogonal and ±1.0 means parallel or antiparallel.
Examples
iex> AstroUtils.Vector.dot({1.0, 2.0, 3.0}, {4.0, 5.0, 6.0})
32.0

iex> AstroUtils.Vector.dot({1.0, 0.0, 0.0}, {0.0, 1.0, 0.0})
0.0

  



  
    
      
    
    
      magnitude(arg)



        
          
        

    

  


  

      

          @spec magnitude(t()) :: float()


      


Euclidean length (L2 norm) of a vector.
Examples
iex> AstroUtils.Vector.magnitude({3.0, 4.0, 0.0})
5.0

iex> AstroUtils.Vector.magnitude({0.0, 0.0, 0.0})
0.0

  



  
    
      
    
    
      negate(arg)



        
          
        

    

  


  

      

          @spec negate(t()) :: t()


      


Reverse a vector's direction, preserving its magnitude.
Examples
iex> AstroUtils.Vector.negate({1.0, -2.0, 3.0})
{-1.0, 2.0, -3.0}

  



  
    
      
    
    
      normalize(arg)



        
          
        

    

  


  

      

          @spec normalize(t()) :: t()


      


Scale a vector to unit length.
The zero vector has no direction, so it is returned unchanged instead of
raising an arithmetic error. Check the result with magnitude/1 if your
caller needs to distinguish that case.
Examples
iex> AstroUtils.Vector.normalize({3.0, 4.0, 0.0})
{0.6, 0.8, 0.0}

iex> AstroUtils.Vector.normalize({0.0, 0.0, 0.0})
{0.0, 0.0, 0.0}

  



  
    
      
    
    
      scale(arg, s)



        
          
        

    

  


  

      

          @spec scale(t(), number()) :: t()


      


Multiply every component by the scalar s.
Examples
iex> AstroUtils.Vector.scale({1.0, -2.0, 0.5}, 2.0)
{2.0, -4.0, 1.0}

  



  
    
      
    
    
      subtract(arg1, arg2)



        
          
        

    

  


  

      

          @spec subtract(t(), t()) :: t()


      


Component-wise difference a - b.
Examples
iex> AstroUtils.Vector.subtract({4.0, 5.0, 6.0}, {1.0, 2.0, 3.0})
{3.0, 3.0, 3.0}

  


        

      


  

    
AstroUtils.Kepler 
    



      
Keplerian orbital mechanics.
Pure applied mathematics for two-body orbital propagation. The usual
sequence is: solve Kepler's equation for the eccentric anomaly, convert that
to a true anomaly and radius, place the body in its orbital plane, then
rotate the plane into the ecliptic frame.
iex> alias AstroUtils.Kepler
iex> e = 0.2
iex> e_anom = Kepler.solve_kepler(0.5, e)
iex> {v, r} = Kepler.true_anomaly_and_radius(e_anom, e, 1.5)
iex> {x, y, z} = Kepler.orbital_to_ecliptic(r * :math.cos(v), r * :math.sin(v), 30.0, 10.0, 45.0)
iex> Float.round(abs(:math.sqrt(x * x + y * y + z * z) - r), 12)
0.0
Angles are radians unless the argument name ends in _deg. Distances are in
whatever unit the semi-major axis is given in; the argument names say AU
because that is the common case, but nothing in the math depends on it.
Accuracy caveat
Pure Keplerian propagation ignores n-body perturbations.  For objects
on chaotic or highly-perturbed orbits (Centaurs, Jupiter-family comets),
expect positional errors on the order of 1–5° over multi-decade
propagation. Higher-accuracy applications should use an ephemeris or
numerical integration appropriate to their error budget.

      


      
        Summary


  
    Functions
  


    
      
        orbital_to_ecliptic(x_orb, y_orb, w_deg, i_deg, omega_deg)

      


        Rotate orbital-plane coordinates (x_orb, y_orb) into J2000 ecliptic
XYZ using standard Euler angles.



    


    
      
        solve_kepler(m_rad, e)

      


        Solve Kepler's equation M = E − e·sin(E) for eccentric anomaly E
using Newton-Raphson iteration.



    


    
      
        true_anomaly_and_radius(e_eccentric, e, a_au)

      


        Compute true anomaly v (radians) and radius r from eccentric anomaly.



    





      


      
        Functions


        


  
    
      
    
    
      orbital_to_ecliptic(x_orb, y_orb, w_deg, i_deg, omega_deg)



        
          
        

    

  


  

      

          @spec orbital_to_ecliptic(float(), float(), float(), float(), float()) ::
  {float(), float(), float()}


      


Rotate orbital-plane coordinates (x_orb, y_orb) into J2000 ecliptic
XYZ using standard Euler angles.
Orbital-plane coordinates have the perifocal x-axis pointing at perihelion,
so x_orb = r·cos v and y_orb = r·sin v. The rotation is
Rz(Ω)·Rx(i)·Rz(ω), and being a rotation it preserves length: the returned
vector has magnitude r.
Parameters
	x_orb — x-coordinate in the orbital plane (AU)
	y_orb — y-coordinate in the orbital plane (AU)
	w_deg — argument of perihelion (ω) in degrees
	i_deg — inclination (i) in degrees
	omega_deg — longitude of ascending node (Ω) in degrees

Returns
{x, y, z} in the J2000 ecliptic frame, in the same unit as the inputs.
Examples
With inclination and node both zero and the perihelion on the reference
direction, the orbital plane is the ecliptic and coordinates pass through:
iex> AstroUtils.Kepler.orbital_to_ecliptic(1.0, 0.0, 0.0, 0.0, 0.0)
{1.0, 0.0, 0.0}

  



  
    
      
    
    
      solve_kepler(m_rad, e)



        
          
        

    

  


  

      

          @spec solve_kepler(float(), float()) :: float()


      


Solve Kepler's equation M = E − e·sin(E) for eccentric anomaly E
using Newton-Raphson iteration.
Iteration starts from M for e < 0.8 and from π above that, and stops
at a step size below 1.0e-12 or after 50 iterations, whichever comes
first. It converges well within that budget for elliptical orbits; the
iteration cap is a guard, not an expected exit.
Parameters
	m_rad — mean anomaly in radians
	e — orbital eccentricity (0 ≤ e < 1)

Both arguments must be floats, and e must be elliptical. Integers,
parabolic orbits (e == 1.0), and hyperbolic orbits raise
FunctionClauseError.
Returns
Eccentric anomaly in radians, in the same revolution as m_rad.
Examples
iex> AstroUtils.Kepler.solve_kepler(1.0, 0.0)
1.0

iex> e_anom = AstroUtils.Kepler.solve_kepler(0.5, 0.3)
iex> Float.round(e_anom - 0.3 * :math.sin(e_anom), 12)
0.5

  



  
    
      
    
    
      true_anomaly_and_radius(e_eccentric, e, a_au)



        
          
        

    

  


  

      

          @spec true_anomaly_and_radius(float(), float(), float()) :: {float(), float()}


      


Compute true anomaly v (radians) and radius r from eccentric anomaly.
The radius is the distance from the focus, a·(1 − e·cos E): a(1 − e) at
perihelion and a(1 + e) at aphelion.
Parameters
	e_eccentric — eccentric anomaly in radians
	e — orbital eccentricity (0 ≤ e < 1)
	a_au — semi-major axis, conventionally in AU

Returns
{true_anomaly_rad, radius}. The radius is in the same unit as a_au. The
true anomaly is 0 at perihelion and π at aphelion, and stays in the same
revolution as e_eccentric.
Examples
iex> AstroUtils.Kepler.true_anomaly_and_radius(0.0, 0.2, 1.0)
{0.0, 0.8}

iex> AstroUtils.Kepler.true_anomaly_and_radius(:math.pi(), 0.5, 2.0)
{3.141592653589793, 3.0}

  


        

      


  

    
AstroUtils.Time 
    



      
Time-scale helpers for astronomical computation.
Julian centuries from J2000.0 is the standard time argument for polynomial
expressions in celestial mechanics (Meeus, IERS, IAU). J2000.0 is the epoch
JD 2451545.0 TT, i.e. 2000 January 1 at 12:00 TT.
This module only rescales a Julian Date; it does not convert between time
scales. Converting UTC to TT (leap seconds plus the 32.184 s TAI offset)
is the caller's responsibility.

      


      
        Summary


  
    Functions
  


    
      
        julian_centuries(jd_tt)

      


        Convert a Julian Date (TT) to Julian centuries elapsed since J2000.0.



    





      


      
        Functions


        


  
    
      
    
    
      julian_centuries(jd_tt)



        
          
        

    

  


  

      

          @spec julian_centuries(number()) :: float()


      


Convert a Julian Date (TT) to Julian centuries elapsed since J2000.0.
This is the standard T argument used in Meeus polynomials, IERS Earth
orientation series, and IAU precession/nutation models. Dates before
J2000.0 give negative values; there is no clamping.
Examples
iex> AstroUtils.Time.julian_centuries(2451545.0)
0.0

iex> AstroUtils.Time.julian_centuries(2451545.0 + 36525.0)
1.0

iex> AstroUtils.Time.julian_centuries(2451545.0 - 36525.0)
-1.0

  


        

      


  

    
AstroUtils.CircularStats 
    



      
Circular mean and minimal covering arc for sets of angles on a circle.
Ordinary averaging breaks down on a circle: the arithmetic mean of 350° and
10° is 180°, the exact opposite of the answer you want. These functions work
on the circle, so the same pair averages to 0°.
Inputs are degrees and need not be normalized; each function normalizes to
[0, 360) internally. Both functions require a non-empty list and raise
FunctionClauseError otherwise. circular_mean/1 returns :undefined for
sample sets that have no mean direction.
iex> AstroUtils.CircularStats.circular_mean([350.0, 10.0])
0.0

      


      
        Summary


  
    Types
  


    
      
        arc()

      


        A covering arc: {:arc, extent_degrees, start_degrees}.



    


    
      
        degree()

      


        An angle in degrees.



    





  
    Functions
  


    
      
        circular_mean(degrees)

      


        Mean direction of a list of angles, returned in [0, 360).



    


    
      
        minimal_covering_arc(degrees)

      


        Shortest arc that contains every sample.



    





      


      
        Types


        


  
    
      
    
    
      arc()



        
          
        

    

  


  

      

          @type arc() :: {:arc, degree(), degree()}


      


A covering arc: {:arc, extent_degrees, start_degrees}.
Sweeping extent_degrees from start_degrees in the direction of
increasing longitude covers every input sample.

  



  
    
      
    
    
      degree()



        
          
        

    

  


  

      

          @type degree() :: float()


      


An angle in degrees.

  


        

      

      
        Functions


        


  
    
      
    
    
      circular_mean(degrees)



        
          
        

    

  


  

      

          @spec circular_mean([degree()]) :: degree() | :undefined


      


Mean direction of a list of angles, returned in [0, 360).
The mean is always the direction of the resultant vector Σ(cos θ, sin θ),
so samples are weighted by direction rather than by count. A lopsided set
inside a half-circle such as [0.0, 10.0, 170.0] therefore means to about
19.15°, not to the arithmetic 60.0.
Returns :undefined when the resultant vector vanishes and no mean
direction exists — antipodal pairs such as [90.0, 270.0], or evenly
spread samples such as [0.0, 120.0, 240.0]. Callers must handle this
case; it is deliberately not a number.
Raises FunctionClauseError on an empty list.
Examples
iex> AstroUtils.CircularStats.circular_mean([350.0, 10.0])
0.0

iex> AstroUtils.CircularStats.circular_mean([0.0, 10.0, 170.0]) |> Float.round(4)
19.1519

iex> AstroUtils.CircularStats.circular_mean([90.0, 270.0])
:undefined

  



  
    
      
    
    
      minimal_covering_arc(degrees)



        
          
        

    

  


  

      

          @spec minimal_covering_arc([degree()]) :: arc()


      


Shortest arc that contains every sample.
Found by locating the largest empty gap between consecutive samples around
the circle; the covering arc is the complement of that gap. Returns
{:arc, extent_degrees, start_degrees}, where start_degrees is the sample
just after the largest gap. If several gaps tie for largest, the smallest
candidate start is used.
A single sample, or repeats of one value, gives an arc of extent 0.0.
Raises FunctionClauseError on an empty list.
Examples
iex> AstroUtils.CircularStats.minimal_covering_arc([5.0, 15.0, 25.0])
{:arc, 20.0, 5.0}

iex> AstroUtils.CircularStats.minimal_covering_arc([350.0, 10.0, 20.0])
{:arc, 30.0, 350.0}

iex> AstroUtils.CircularStats.minimal_covering_arc([180.0])
{:arc, 0.0, 180.0}

  


        

      


  

    
AstroUtils.Math 
    



      
Small numeric helpers shared across the library.

      


      
        Summary


  
    Functions
  


    
      
        roundn(float, precision \\ 4)

      


        Round a float to precision decimal places.



    





      


      
        Functions


        


    

  
    
      
    
    
      roundn(float, precision \\ 4)



        
          
        

    

  


  

      

          @spec roundn(float(), 0..15) :: float()


      


Round a float to precision decimal places.
A thin wrapper over Float.round/2, mainly useful for trimming the noise
digits that trigonometry leaves behind when comparing or displaying
results. Ties round away from zero, so 1.5 becomes 2.0 and -1.5
becomes -2.0.
float must be a float; an integer raises FunctionClauseError.
precision must be an integer in 0..15; anything larger raises
ArgumentError.
Examples
iex> AstroUtils.Math.roundn(1.23456, 2)
1.23

iex> AstroUtils.Math.roundn(1.23456)
1.2346

iex> AstroUtils.Math.roundn(:math.cos(:math.pi() / 2), 12)
0.0
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