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ABSTRACT
The relativistic precession of both the spin and the periastron of the pulsar 191316, in the gravi-

tational field of its companion, are analyzed.
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The discovery of the pulsar PSR 1913416 in a
binary system (Hulse and Taylor 1975) provides a
unique opportunity for studying various gravitational
and relativistic effects. Up to now such studies were
invariably carried out on “test bodies” in the gravita-
tional field of a “large mass” (essentially a one-body
problem). We have now carried out a detailed analysis
of the gravitational two-body problem with arbitrary
masses, spins, and quadrupole moments (Barker and
O’Connell 1975). Here, we apply these results to find
the precession of the spin and precession of the orbit of
PSR 1913416 in the gravitational field of its companion.

One notable result which emerges is that, in the case
of arbitrary masses #; and m,, the spin-orbit contribu-
tion to the spin precession of body 1 is a factor (m, +
u/3)/(my + ms) times what it would be for a test body
moving in the field of a fixed central mass (#; + Mg).
Here p denotes the reduced mass mym,/ (mq + ma).
This contrasts with the result of Robertson (1938) for
the periastron precession where the corresponding factor
is unity.

Let m; and m, denote the masses of the pulsar and its
companion, respectively. Using the notation of Barker
and O’Connell (1975), we write S© = SOp®M, where
S® is the spin angular momentum of the pulsar. Then
the dominant contribution to the secular spin precession
of the pulsar is given by

Ny = Qpg v X 2@, (1)

where Qps® denotes the so-called de Sitter geodetic
(spin-orbit) general-relativistic contribution. Explicitly,
we have (Barker and O’Connell 1975)

3Ga(mg + u/3)

Qps ov® = Ti(f—‘ez)_ n, (2
where ¢ is the semimajor axis, n is a unit vector in the
direction of the orbital angular momentum, ¢ is the
eccentricity, @ = 27/T is the average orbital angular
velocity, and T is the orbital period. Since the observed
elements of the orbit (Hulse and Taylor 1975) are
T = 27908 s and ¢ = 0.615, we eliminate a from equa-
tion (2) using the relation

@ % = G(my + mg) . (3)

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System

Thus,
3G
Qps ov® = ﬁ(l—Le?)fDS(ml’ myn, (4)
where
M + #/ 3
Jos(ma, ms) = [CEY A (5)

Thus, for PSR 191316, we have
Qps av(l) = (009747 yr—l)gDS(mly m2)n ’ (6)
g(my, ma) = { f(ms, m)/f(me, mo)} M
and g is the mass of the Sun,

When = m, = m (which Hulse and Taylor 1975
consider is not unlikely),

gos = (m/mg)** . 8

Finally, we note that the precession of the periastron
is (Robertson 1938; Barker and O’Connell 1975)

where

Q*@E — _———36;(1((”121—4_6:’)@ n. ®

Hence, using equation (3), we have

/3513
Q*@ — % (my + ma)3n . (10)

Thus, for PSR 1913+ 16,
Q* B = (3°34 yr 1) gp(my, mo)n, 11)
gz = {(m1 + mz)/Zmo}"’/” . (12)

In the equal-mass case we note that Q*® = (24/7)
Qps .V, whereas in the large-mass approximation
Q*® = 2Qnc . M,

It is clear that a measurement of Q*® will enable
one to obtain a value for M = m; + m,. In addition,
a measurement of Qpg ., gives a value for fog(m, ms).
Thus we can deduce values for the individual masses,
viz.,

where

m o= M{[4 — Gfos/M*)]V2 — 1},  (13)
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' and my = M —my. On the other hand, if a measure- then a measurement of fps is in essence a test of general
! ment of M is combined with other measurements to relativity.
;.%. obtain the individual masses (Hulse and Taylor 1975),
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