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Gravitational and Structural Modifications of Compact Objects due to Quadrupole Moments in General Rela-
tivity

This study investigates the gravitational behavior of compact astrophysical objects, specifically white dwarfs
and neutron stars, within Einstein’s General Relativity framework. We incorporate the quadrupole moment

in a first-order approximation to analyze how deviations from spherical symmetry influence their internal
structure.

The Einstein field equations for a perfect fluid are given by:
Ry — %RQW =8n[(p+p)UnU, — pgpv]

where p and p represent the density and pressure, respectively. The interior metric includes quadrupole
corrections [1]:

ds® = e* (1 + qa)dt® —

dfrac(l + gc + gb)1 — dfrac2mrdr?® — (1 + qa + ¢b)r2df? — (1 — qa)r? sin? fdp?

Here,v = v(r), a = a(r), ¢ = ¢(r), b = b(r,0), and q is the quadrupole parameter.

We compare two fundamental equations of state (EoS), the Chandrasekhar and Salpeter EoS, to examine their
impact on mass distributions and pressure gradients. The Chandrasekhar EOS is given by [2,3]:
Pch =

dfraca3 (df racmemn)* K, [y(2y2 —3)vV1+y2+3ln(y+ 1+ yQ)]

while the Salpeter EoS includes electrostatic corrections:
Dsal = Pch + Pc + PTF

Numerical solutions of the Einstein equations reveal that quadrupole-induced modifications significantly alter
the gravitational field and structural properties of these stars.
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