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Pulsar Galactic Navigation

• Pulsar Basics

• Galactic Path Planning

• Pulsar visibility along path

• Pulsar base period

• ATNF and SIMBAD database

• Pulsar simulator

• The use of Excel Solver to solve 3-dimensional galactic solution

• Selecting pulsars for navigation

• Solving Galactic Position based on pulsar observations
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α - angle

Earth

Radio – part of beam

Non-Radio part of beam

Rotation

Pulsar center

Kepler 452b
Best path to maintain pulsar signalPulsar beam

Pulsar Observations Along Travel Path

2ρ - angle



SIMBAD Database
http://simbad.u-strasbg.fr/simbad/

Pulsar Databases

Sources of Pulsar Data

ATNF Database
www.atnf.csiro.au

http://simbad.u-strasbg.fr/simbad/
http://www.atnf.csiro.au/
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Path Angles to Pulsar



Finding Angles

PulsarEarth
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a:        Pulsar to Destination Distance – known
b:        Earth to Destination Distance – known
c+d:    Earth to Pulsar Distance – known
e:        Base Height
A:        Earth – Pulsar - Destination Angle – unknown
B:        Pulsar –Earth –Destination Angle – unknown
C+D:   Pulsar – Destination –Earth Angle - unknown
E & F:  90 degree Angles by definition 
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Can the Pulsar be seen on path?

Pulsar

EarthDestination

Angle (A)

Path

Pulsar beam width = 2ρ

Angle (2ρ)

Angle (A) ≤ Angle (2ρ) 

Angle (A) > Angle (2ρ) 

Relationship needs to be 
true for X-Y, X-Z and Y-Z 
planes

Assumption is that Earth is 
on edge of beam

If not there is less pulsar 
beam width to be visible 
along path

Visible

Not Visible
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Data from Database

Conversion to 
Galactic-Centric 

Coordinates

Calculation of 
pulsar Base 

Period

Calculated period
at navigation point

Model to Calculate Galactic Angles

X=Y Plane Calculations X-Z Plane Calculations Y-Z Plane Calculations

X-Y Alert X-Z Alert Y-Z Alert

Calculation of ρ angle
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Pulsars Mapped on the Galactic X-Y Plane



Solving the 3 Dimensional Position
Basic Equations



Selected Pulsars

X-Y X-Z and Y-Z
Plane Alerts
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Solver Configuration



Solver Error Based on the # of Pulsars 
Observed



Is the Error Close Enough?



Putting it All Together

Navigation Plan for Earth to K452b



Navigation

Plan

• Plot path using galactic coordinates

• Choose pulsars that are visible along entire path

Underway Observations

• Stop and take observations 

• Calculate new position

• Make course corrections accordingly
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Chart Path using Galactic Coordinates
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Solver Solution Observed Pulsar periods

Take Pulsar Observations at the 25% Path Point then use the solver to 
determine the galactic position



Solver position based 
on observed periods at 25% point

Updated course to get back to 50% point
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Summary

• Pulsars can provide reasonable navigation accuracy for galactic flight

• Errors can be reduced by using a better “solver” than Excel

• We should be able to see the Earth position change using this method

• SETI
• Transmitting the binary code for 3 pulsars would provide our unique position 

in the galaxy 

• Transmitting more than 3 pulsars would account for visibility angles of the ETI 


