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Abstract. Extending the theory of core-mantle differential rotation of a
planet, we have obtained the periods Pcw and Ppey for different pulsars
in the second approximation. We have investigated the dependence of
these periods on the equation of state of neutron liquid, flatness of mantle
and crust of the neutron star.

1. Introduction

The planetary system around pulsar B1257+12 (Wolszczan & Frail 1992), lo-
cated in the Virgo constellation at a distance of 300 pc, is most interesting,
containing four known planets. Whether another three pulsars have planetary
systems is still under discussion: PSR B0329+54 (1 planet), PSR B1620-26 (1
planet) and PSR B1828-11 (3 planets: A, B, C). The orbital periods (P4 = 0.68
yr, Pg = 1.35 yr, Pc = 2.71 yr) of the possible extrasolar planets around PSR
B1828-11 follow the same 1 : 2 : 4 harmonic relationship of the Jovian satellites.

PSR B1828-11 shows long-term, periodic and correlated variations of the
pulse shape and rate of slow-down with variations having periodicities of ~
1000, 500 and 250 days (Stairs, Lyne & Shemar 2000), probably resulting from
precession of the spin axis caused by an asymmetry in the shape of the pulsar.

2. Chandler Wobble and Free Core Nutation

There are three areas potentially relevant for explaining anomalous times of
arrival from a pulsar: those concerned with the neutron star interior, planetary
bodies and free precession (Stairs et al. 2000). It is known that rotation of the
terrestrial planets having rigid mantles and elliptical liquid cores is characterized
by Free Core Nutation (Van Hoolst, Dehant & Defraigne 1998; Gonzalez &
Getino 1997). Let us consider the free rotation of the pulsar, which has a rigid
crust and an elliptical liquid mantle. The rotation of a two-layer pulsar with a
liquid mantle must show two different polar modes (Petrova & Gusev 2001): a
wobble mode (like “Chandler Wobble”, CW) and Free Core Nutation (FCN).

In the case of polar motion, from the corresponding Hamilton’s equations
we find the solution for the rotation of the mantle and the relative rotation of
the core (Gusev & Kitiashvili 2003). In this case the periods are
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where A, C are moments of inertia of crust, mantle and whole pulsar.

Table 1.  Modeling of flatness (e x 107%) from Chandler Wobble and
Free Core Nutation of PSR B1828-11°.

FPew, d R BJ MF TII T4 TI5 TI6 TI7

167 1.11 641 947 156 26.2 19.8 836 9.47
250 0.74 4.28 6.33 104 175 132 5.58 6.33
500 037 214 316 521 875 6.61 2.79 3.16

1000 0.19 107 158 261 437 330 140 1.58
Prcn,d R BJ MF TII T4 TIb TI6 TI7

167 223 128 189 31.2 524 39.6 16.7 18.9
250 149 856 127 208 350 264 11.2 127
500 0.74 428 6.33 104 175 13.2 5.58 6.33

1000 037 214 316 5.21 875 6.61 279 3.16

2The models of nuclear interaction are: Reid (R), Bethe-Johnson (BJ), approx-
imation of an average field (MF), tensor interaction (TT).

We investigated the dependence of Pow and Prcon on the equation of state
for a neutron liquid (Gusev & Kitiashvili 2003), flatness of mantle and crust of
the neutron star. Assuming that the observed variations of the period of PSR
B1828-11 are caused by Chandler fluctuations and free core nutation of a liquid
mantle we have obtained flatness of the mantle and crust of the pulsar (Table
1).

Detection of Chandler wobble and Free Core Nutation of the pulsar and its
periods allow: (a) to decide on the physical nature of the pulsar mantle and core
it is possible only for the crystal core; (b) to determine mantle and core radius
and its flattening; (c) to determine density jump at the crust-mantle boundary
and core-mantle boundary. For the theory of core-mantle differential rotation
of the neutron star, we have obtained the period of CW and FCN of the liquid
part of the neutron star. This was made in the frame of a Hamiltonian approach
for description of the rotation of a two-layer deformable pulsar, having a rigid
crust and a liquid mantle. Two modes of free pulsar libration are obtained in
the case of polar motion from Hamilton’s equations: the Chandler-like wobble
with period Pcw, and a Free Core Nutation with period Prcy.
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