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Abstract

This paper describes an approach to select pulsars that are visible along the path of a theoretical galactic
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as the use of the time delayedilsar 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 thoBmensional reference (X, Y, Z) frame referred to as the
galacticg 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 Hétaller Medium Velocity Measurements, 20{8ussel,

Earth's Orbital Position in the Solar System using Galactic HI Measurements(R048)I, Milky Way Rotation

Rate and Mass Estimation usihj 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 observatalion rate. This rate provides a unique
identifier for each pulsar and also a unique sgown rate. The distance from the pulsar can be estimated using
the observable spinate and then calculating the distance and therefore time based on the speéghothat it

would take for the pulsar rate to be observdtlyne & Graharsmith, 1990jLorimer & Kramer, 2005)

By developing distance solutions for multiple pulsars, it is possible to devaiopdal that estimates the &
dimensional galactic coordinates of the spacecraft. Once the model is developed the basic guide for a galactic
navigator includes:

1 Determine the starting point and destination galactic coordinates

1 Determine the points betweethe start and destination that pulsar observations will need to be taken for
navigation

1 Determine which pulsars are visible at the navigation points

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

1 During flightc stop andtake pulsar period observations and use the model to solve the galactic coordinate
position

9 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 thecstiapses 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 thelestdiopes. (Figure
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braking effect on the pulsar spin rate. This sgagwn rate can therefore be used to predict the pulsar spin rate
overtime. (Lyne & Grahar®mith, 1990jLorimer & Kramer, 2005)
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Figurel: Pulsar Geometry

A list of pulsars can be found at the Australia Telescope National Fghilgtiralia Telescope National Facility,
n.d.)(Figure 2) and at the VizieR databéBealsar CatalogManchester, Hobbs, A., & Hobbs, 20@&jure 3).
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Figure2: ATNF Pulsar Databagustralia Telescope National Facility, n.d.)
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Figure3: VizieR Databag&IMBAD Astronomical DatabaséDS (Strasbourg), n.d.)



The data needed from these databases include galactic latitude and longitude, distance from Earth, period at
Earth, and period spidown rate (Ro).

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 requsatterraft

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 skpeth detected by the Kepler spacecraft.

Gal-X (pc) Gal-Y (pc) Gal-Z (pc)

(Galactic- (Galactic- (Galactic-

Centric) Centric) Centric)
Earth 0.00 8500.00 0.00
25% 103.47 8477.75 18.64
50% 206.94 8455.50 37.28
75% 310.41 8433.25 55.92
K452b 413.89 8411.00 755
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Figure4: GalactieCentric Coordinates for Earth to K452b trip in thé, %Z, and YZ Plane

The calculator provides an estimate along the path in (X, Y, Z) gat&ettdc coordinates. Any percent of path
can be calculated by simplhanging 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 aittiims. The geometry of the beam is shown in
Figure 5(Lyne & Grahar®mith, 1990)
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Figure5: PulsaiGeometry(Lorimer & Kramer, 2005, p. 68)

The beam angle is estimated in equation((dgrimer & Kramer, 2005, p. 70)
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which the magnetic field lines break before reaching the spdditjiat.
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This is the worstase high value; thefere, the model can limit the angle by any percent needed.
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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,SEhefunultiple pulsars that also have visibility
throughout the trip, provides greater navigation accuracy and ambiguity resolution.



Pulsar center

Radio — part of beam

Non-Radio part of beam

Rotation Earth

. Best path to maintain pulsar signal
Kepler 452b

Pulsar beam T

2p - angle
Figure6: 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 (lind)c The distance between the Eadluestination (line b), and pulsar
destination (line a) areasily calculated. The important angle is angle A. This is the angle that corresponds to the
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planes.
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Figure7: Angle Geometry

The master pulsar database automatically calculates the geometry of the pulsar to the navigation point and

calculates three arlgs. If the angles are lessthanthé | y3f ST GKS& | NBE O2f 2 NBR 3INJI
red (Figure 8).
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Figure8: Geometry to predict if pulsar beam can be seen along path

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



Figure9: Master Pulsar Model



