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The erez-rosen solution versus the hartle-thorne solution
Suleimanova Sh.S., Zhami B., Kalymova Zh.A., Al-Farabi Kazakh National University
Superviser: Ph.D., associate professor Boshkayev K.A.

An exact solution that describes the exterior field of a static object with the quadrupole
moment has been obtained by Erez and Rosen (ER) in 1959 by using the Weyl method [1]. The
ER solution reduces to the Schwarzschild solution for vanishing quadrupole parameter q — 0.
The properties of the gravitational field in the ER spacetime have been investigated in Ref. [2].
As a result, it shows new characteristics complementing the effects observed for the
Schwarzschild spacetime [3, 4].

On the other hand, there exists an approximate solution for slowly rotating, slightly
deformed objects so-called Hartle-Thorne (HT) solution [5]. Unlike most of the exact solutions
the approximate HT solution possesses its internal counterpart, which makes it practical in
astrophysical context. The solution has been determined up to the second order terms of the
body’s angular velocity i.e. its accuracy is valid up to the first order terms in the quadrupole
moment Q and second order in the angular momentum J.

The main purpose of this work is to show the relationship between the ER and the HT
solutions for the vanishing angular momentum J=0. Indeed, the first attempt in this direction has
been made in Ref. [3], where the ER solution has been subjected to the Zipoy-Voorhees
transformations j = 1 + oq, where j is the Zipoy-Voorhees parameter and ¢ is a real number.
Since the ER is the exact solution it has been expanded up to the first order terms in the
quadrupole parameter. Afterwards, by setting ¢ = —1 the coordinate transformations from the

ER to HT solutions have been obtained with algebraic relations Myr = Mgg(1 —q). Q = gM g,

where M is the mass of the central object.

However in this work we found these relations without setting o = —1. Instead, we
directly calculated its value from the metric functions by means of the method of undetermined
coefficients. Thus, our results are fully in agreement with the well-known ones and can be
considered as an alternative approach.
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