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Figure 1: The crab pulsar (left) viewed in x-rays, sits in the centre of (and is much smaller than) the
crab nebula (right) seen here in optical. The supernova explosion which created the crab nebula and
pulsar shone bright enough to be visible during the day. It is recorded in contemporary Chinese,
Japanese, and Islamic literature, fading after about 2 years.
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Figure 2: Adapted from HRW 10.32. A neutron star is a type of stellar remnant left behind
after a large star dies. We will explore this concept over the next couple of weeks. A pulsar is a
rapidly rotating neutron star that emits a beam of radio emission from its magnetic pole. Similar
to Earth, the rotational poles do not exactly match the magnetic poles. The result for the neutron
star is that the radio emission beam flashes an observer once every rotation period, just like a
lighthouse. The period of rotation of the star is found by measuring the time between pulses.

(a) A neutron star is roughly the mass of the sun, but a diameter of just 20km!! How does this
compare to the diameter of the sun?

i) The crab pulsar has a rotation period of T = 0.033 s. What is the rotation frequency?

ii) What is the equatorial velocity at the surface of the crab pulsar? Is this fast? Express
your answer in terms of c.

iii) What is the rotational kinetic energy of the star?

(b) Astronomers have determined that the crab’s rotation period is increasing by Ṫ = 1.26×10−5

seconds per year. Units!!

i) What is the pulsar’s angular acceleration, α?

ii) If α is constant, how many years from now will the pulsar stop rotating?

iii) The pulsar was created during the supernova explosion seen in the year 1054, assuming
constant α, find the initial rotation period T0.

(c) Repeat part a) with your new orbital period T0.

i) How much rotational energy has been lost? Where did it go?

(d) What assumptions have you made (either implicitly or explicitly) in solving parts a) - c)?
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Moments of Inertia

Rolling Motion
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Additional Problems
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