Pre-Lab Reading: Pulsars

What is a Pulsar?

A pulsar is a type of neutron star, the dense remnant left behind after a massive star (about 8-25 times the
mass of the Sun) explodes in a supernova. These stellar cores collapse into incredibly compact objects, just
a few kilometers across, but with more mass than the Sun. That makes neutron stars some of the densest
objects in the universe.

Pulsars are neutron stars with intense magnetic fields that emit beams of electromagnetic radiation, especially
in the radio part of the spectrum. These magnetic fields are typically misaligned with the star’s rotation
axis. As the pulsar spins, the beams sweep across space like the light from a lighthouse. If Earth lies in the
path of one of these beams, we detect a regular “pulse” of radio waves each time the beam sweeps past us
— hence the name pulsar.

Some pulsars rotate very slowly, with periods of several seconds. Others, called millisecond pulsars, can
rotate more than 700 times per second. The incredible regularity of these pulses makes them some of the
most stable clocks in the universe.

Figure 1: The Crab Nebula, the remnant of a Figure 2: X-ray image of the Vela Pulsar, a
supernova, explosion observed in 1054 CE. At its rapidly rotating neutron star about 1,000 light-
center lies a rapidly rotating neutron star, the years away in the constellation Vela. This Chan-
Crab Pulsar. dra Observatory image shows jets and shock

waves created by the pulsar’s intense magnetic
field and high-speed rotation.



Why Do We Study Pulsars?

Pulsars are fascinating objects that bridge the worlds of astrophysics, quantum mechanics, relativity, and
even the search for extraterrestrial intelligence (SETI). Here are a few reasons we study them:

Extreme Physics: Pulsars exist in conditions that can’t be replicated on Earth. Their interiors may
contain exotic states of matter, such as quark-gluon plasmas or hyperons. Studying pulsars helps us
probe these extreme environments.

Precision Timing: Pulsars are incredibly stable rotators, rivaling atomic clocks. Small changes in their
timing can reveal the presence of orbiting planets, gravitational waves, or even shifts in the interstellar
medium.

Natural Laboratories: Pulsars are used to test general relativity and other theories of gravity. For example,
the timing of binary pulsars has provided some of the best evidence for gravitational wave emission before
LIGO’s detection.

SETI and Signal Classification: When pulsars were first discovered, their regularity led scientists to
consider — at least briefly — whether they might be artificial signals. In SETI, pulsars serve as an
important reference point for what natural repeating signals can look like. Understanding pulsars helps
us better recognize signals that might come from extraterrestrial technology.

Key Terms to Know

Neutron Star: The dense core left behind after a massive star goes supernova. Composed mostly of
neutrons, it is one of the densest forms of matter known.

Pulsar: A rapidly rotating neutron star with strong magnetic fields, emitting beams of radio waves that
appear as periodic pulses when observed from Earth.

Rotation Period (P): The time it takes a pulsar to complete one full rotation. For B0329+54, it’s
about 0.7 seconds.

Period Derivative (P): The rate at which the pulsar’s rotation period is increasing — a sign that the
pulsar is gradually slowing down over time.

Characteristic Age (7): An estimate of the pulsar’s age based on how fast it is slowing down.

Density (p): The mass per unit volume. Neutron stars can have densities approaching that of atomic
nuclei.

SETI (Search for Extraterrestrial Intelligence): A scientific effort to detect signs of intelligent life
elsewhere in the universe, often by looking for artificial signals in radio data.

Preparing for the Lab

Install GNU Radio: You'll be using GNU Radio Companion (GRC) to build your own signal flowgraph.
Installation instructions can be found here: https://wiki.gnuradio.org/index.php/InstallingGR

Download the data file: Make sure you have a copy of the data file named B0O329DATA.dat, which
contains the time-series radio signal from pulsar B0329+54.
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