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Abstract 

This paper describes an approach to select pulsars that are visible along the path of a theoretical galactic 
ǎǇŀŎŜŎǊŀŦǘΦ ¢ƘŜ ƳŜǘƘƻŘ ƛƴŎƭǳŘŜǎ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ƎŀƭŀŎǘƛŎ ŀƴƎƭŜǎ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ǊƻǘŀǘƛƴƎ άƭƛƎƘǘƘƻǳǎŜέ ōŜŀƳ ŀǎ ǿŜƭƭ 
as the use of the time delayed pulsar period to determine the spacecraft distance from the pulsar. The methods 
described are used for a hypothetical trip between two points in the galaxy.  
 

1. Pulsar Galactic Navigation Theory 

Galactic navigation requires the use of a common three- dimensional reference (X, Y, Z) frame referred to as the 
galactic ς center frame. In this frame the center of the galaxy is at (0,0,0). The Sun is approximately at (0, 8500 pc, 
0) (Russel, Galactic Navigation Position Data Using HI Interstellar Medium Velocity Measurements, 2018) (Russel, 
Earth's Orbital Position in the Solar System using Galactic HI Measurements, 2019) (Russel, Milky Way Rotation 
Rate and Mass Estimation using HI Measurements, 2019). Pulsars can be plotted using the same galactic 
framework and therefore provide a geometric relationship that can be used to triangulate navigational positions.  
Pulsars also have a unique property based on the radio observable rotation rate. This rate provides a unique 
identifier for each pulsar and also a unique spin-down rate. The distance from the pulsar can be estimated using 
the observable spin-rate and then calculating the distance and therefore time based on the speed of light that it 
would take for the pulsar rate to be observed. (Lyne & Graham-Smith, 1990) (Lorimer & Kramer, 2005) 
 
By developing distance solutions for multiple pulsars, it is possible to develop a model that estimates the 3 ς 
dimensional galactic coordinates of the spacecraft. Once the model is developed the basic guide for a galactic 
navigator includes: 
 

¶ Determine the starting point and destination galactic coordinates 

¶ Determine the points between the start and destination that pulsar observations will need to be taken for 

navigation 

¶ Determine which pulsars are visible at the navigation points 

¶ Select the pulsars that give the small error at each navigation point (preflight) 

¶ During flight ς stop and take pulsar period observations and use the model to solve the galactic coordinate 

position 

¶ Adjust course accordingly and restart flight to the next navigation point. 

 
2. Pulsar Geometry 

A pulsar is formed during the collapse of a larger star. As the star collapses the new neutron star spins faster to 
retain its angular momentum. The neutron star is formed with a magnetic field that has an offset from the spin 
axis. The magnetic field emits a radio signal that can be detected like a lighthouse by the radio telescopes. (Figure 
мύ ¢ƘŜ ƻŦŦǎŜǘ ŀƴƎƭŜ ŎŀǳǎŜǎ ǘƘŜ ǊŀŘƛƻ ǎƛƎƴŀƭ ǘƻ άǇǳƭǎŜέ ǿƛǘƘ ŀ ŘŜǘŜŎǘŀōƭŜ ǎǇƛƴ ǊŀǘŜΦ ¢ƘŜ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀƭǎƻ ŎŀǳǎŜǎ ŀ 
braking effect on the pulsar spin rate. This spin-down rate can therefore be used to predict the pulsar spin rate 
over time. (Lyne & Graham-Smith, 1990) (Lorimer & Kramer, 2005) 



 
Figure 1: Pulsar Geometry 

 
A list of pulsars can be found at the Australia Telescope National Facility (Australia Telescope National Facility, 
n.d.) (Figure 2) and at the VizieR database (Pulsar Catalog) (Manchester, Hobbs, A., & Hobbs, 2006)(Figure 3).  

 
Figure 2: ATNF Pulsar Database (Australia Telescope National Facility, n.d.) 

 

 
Figure 3: VizieR Database (SIMBAD Astronomical Database - CDS (Strasbourg), n.d.) 



The data needed from these databases include galactic latitude and longitude, distance from Earth, period at 
Earth, and period spin-down rate (Pdot).  
 

3. Galactic Coordinate Navigation Model 

The galactic coordinate navigation model is designed to determine a spacecrafts position as it transits from any 
two points in the galaxy. A theoretical faster than light (FTL) trip through the galaxy would require the spacecraft 
to drop out of FTL in order to detect the pulsars radio signal. Figure 4 shows the models 3 planned stopping points 
between a trip between Earth and Kepler 452b, which is a super-Earth detected by the Kepler spacecraft.  
 

 



 

 
Figure 4: Galactic-Centric Coordinates for Earth to K452b trip in the X-Y, X-Z, and Y-Z Plane 

The calculator provides an estimate along the path in (X, Y, Z) galactic -centric coordinates. Any percent of path 
can be calculated by simply changing the % value. The starting and ending points can be changed by entering in 
the three-dimensional coordinates. 



 
4. Model to Determine if Pulsars are Visible along the Flight Path 

The nature of a pulsar is that the radio beam is not visible in all directions. The geometry of the beam is shown in 
Figure 5. (Lyne & Graham-Smith, 1990)  

 
 ́ Υ ōŜŀƳ ŀƴƎƭŜ 
ʰΥ ƳŀƎƴŜǘƛŎ ƛƴŎƭƛƴŀǘƛƻƴ ŀƴƎƭŜ 
ʲΥ ƛƳǇŀŎǘ ŀƴƎƭŜ 
W: observer pulse width 
 

Figure 5: Pulsar Geometry (Lorimer & Kramer, 2005, p. 68) 

The beam angle is estimated in equation (1) (Lorimer & Kramer, 2005, p. 70):  
 

”
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 (1) 

 
The beam angle (́ύ ǇǊƻǾƛŘŜǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ƳƻŘŜƭ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜ ǇŀǘƘ ƛǎ ƛƴ ǾƛŜǿ ƻŦ ǘƘŜ ǇǳƭǎŀǊΦ  

мύ ¢ƘŜ ƳŀȄƛƳǳƳ ǾŀƭǳŜ ƻŦ нˊ ƛǎ флϲΦ ! ƭŀǊƎŜǊ ŀƴƎƭŜ ǿƻǳƭŘ ǾƛƻƭŀǘŜ ǘƘŜ ƭƛƎƘǘ ŎȅƭƛƴŘŜǊ ŀǊƻǳƴŘ ǘƘŜ ǇǳƭǎŀǊ ƛƴ 
which the magnetic field lines break before reaching the speed of light.  
нύ ¢ƘŜ 9ŀǊǘƘ ƛǎ ǿƛǘƘƛƴ ǘƘŜ нˊ ŀƴƎƭŜ ōŜŎŀǳǎŜ ǿŜ ŎǳǊǊŜƴǘƭȅ ƻōǎŜǊǾŜ ǘƘŜ ǇǳƭǎŀǊΦ ¢ƘŜ ƳƻŘŜƭ ŀǎǎǳƳŜǎ ǘƘŀǘ ǘƘŜ 
9ŀǊǘƘ ƛǎ ƻƴ ǘƘŜ ŜŘƎŜ ƻŦ ǘƘŜ ōŜŀƳ ŀƴŘ ǘƘŀǘ ōŜŀƳ Ŏŀƴ ōŜ ǎŜŜƴ ŀƭƻƴƎ ǘƘŜ ǇŀǘƘ ŀŎǊƻǎǎ ǘƘŜ ŜƴǘƛǊŜ нˊ ŀƴƎƭŜΦ 
This is the worst-case high value; therefore, the model can limit the angle by any percent needed. 
IƻǿŜǾŜǊΣ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜȄŜǊŎƛǎŜΣ ǘƘŜ ŜƴǘƛǊŜ нˊ ǾŀƭǳŜ ǿƛƭƭ ōŜ ǳǎŜŘ ŦƻǊ ŜŀŎƘ ǇǳƭǎŀǊΦ 
оύ 9ŀŎƘ ǇǳƭǎŀǊ ǿƛƭƭ ƘŀǾŜ ŀ ǳƴƛǉǳŜ ˊ ŀƴƎƭŜ ōŀǎŜŘ ƻƴ ƛǘǎ ǇŜǊƛƻŘΦ ¢ƘŜ ƳƻŘŜƭ ǿƛƭƭ ǎƘƻǿ ŀ ƎǊŜŜƴ ŀƭŜǊǘ ƛŦ ŀ ǇǳƭǎŀǊ 
is visible along the path. The model can show the path position anywhere along the path. The entire pulsar 
database alerts for are then updated so that the visible pulsars can be selected. 

 
A navigation path using a single pulsar is shown in Figure 6, The use of multiple pulsars that also have visibility 
throughout the trip, provides greater navigation accuracy and ambiguity resolution. 



 
Figure 6: Best Spacecraft Path to Maintain Contact with Pulsar 

The Earth, destination, and pulsar form a triangle for each plane (Figure 7). The database provides the estimated 
distances from the Earth and pulsar (line c-d). The distance between the Earth ς destination (line b), and pulsar ς 
destination (line a) are easily calculated. The important angle is angle A. This is the angle that corresponds to the 
нˊ ōŜŀƳ ŀƴƎƭŜ ƻŦ ǘƘŜ ǇǳƭǎŀǊΦ LC ŀƴƎƭŜ ! ƛǎ ғ нˊ ǘƘŜƴ ǘƘŜ ǇǳƭǎŀǊ ǎƘƻǳƭŘ ōŜ ǾƛǎƛōƭŜ ŀǘ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴΦ CƛƎǳǊŜ т ǎƘƻǿǎ 
the derivation of the angle A value. This was uǎŜŘ ƛƴ ǘƘŜ ƳƻŘŜƭ ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ нˊ ŀƴƎƭŜ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ǘƘǊŜŜ 
planes. 
 

 
Figure 7: Angle Geometry 

The master pulsar database automatically calculates the geometry of the pulsar to the navigation point and 
calculates three angles. If the angles are less than the нˊ ŀƴƎƭŜΣ ǘƘŜȅ ŀǊŜ ŎƻƭƻǊŜŘ ƎǊŜŜƴΣ ƻǘƘŜǊǿƛǎŜ ǘƘŜȅ ŀǊŜ ŎƻƭƻǊŜŘ 
red (Figure 8).  
 



 
Figure 8: Geometry to predict if pulsar beam can be seen along path 

The calculations of angles were added to the master pulsar database. This provides a quick reference for the 
selection of pulsars that are visible at any position in the galaxy. (Figure 9)  



 
Figure 9: Master Pulsar Model 


