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Utilizing various gauges of the radial coordinate, we give a General Relativistic (GR)
description of spherically symmetric static spacetimes with a massive point source and
vacuum outside this singularity. We show that in GR there exist a two-parameter fam-
ily of such solutions to the Einstein equations which are physically distinguishable and
describe gravitational ˇeld of a single massive point particle with positive bare mass
M0 > 0 and positive Keplerian mass M < M0. In particular, we show that the wide-
spread Hilbert's form of the Schwarzschild solution, which depends only on the Keplerian
mass M and describes Black Holes (BH), does not solve the Einstein equations with
a massive point particle's stress-energy tensor. Novel normal coordinates for the ˇeld
and a new physical class of gauges are proposed, thus achieving a correct description
of a point mass source in GR. We also introduce a gravitational mass defect of a point
particle and determine the dependence of the solutions on mass defect. The result can
be described as a change of the Newton potential ϕN = −GN M/r to a modiˇed one
ϕG = −GN M/

(
r + GN M/c2 ln M0/M

)
and a corresponding modiˇcation of the four-

interval. We show that the proper 3D �at space, where these two potentials can be
compared, is the tangent space above the position of the massive point source. In addition,
we give invariant characteristics of the physically and geometrically different classes of
spherically symmetric static spacetimes created by a point mass. Our results are import-
ant for description of Extremely Compact Objects (ECOs) studied in relation to possible
echoes in recently discovered by LIGO/VIRGO collaboration Gravitational Waves (GW).

‚ · ³± Ì μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ (�’�) ¢ · §²¨Î´ÒÌ ± ²¨¡·μ¢± Ì · ¤¨-
 ²Ó´μ° ±μμ·¤¨´ ÉÒ ¤ ´μ μ¶¨¸ ´¨¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ ¸É É¨Î¥¸±μ£μ ¶·μ¸É· ´-
¸É¢ -¢·¥³¥´¨ ¸ ³ ¸¸¨¢´Ò³ ÉμÎ¥Î´Ò³ ¨¸ÉμÎ´¨±μ³, μ±·Ê¦¥´´Ò³ ¢ ±ÊÊ³μ³. �μ± § ´μ,
ÎÉμ ¢ �’� ¸ÊÐ¥¸É¢Ê¥É ¤¢ÊÌ¶ · ³¥É·¨Î¥¸±μ¥ ¸¥³¥°¸É¢μ ÉμÎ´ÒÌ ·¥Ï¥´¨° Ê· ¢´¥´¨°
�°´ÏÉ¥°´ , ±μÉμ·μ¥ μ¶¨¸Ò¢ ¥É £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ ³ ¸¸¨¢´μ° ÉμÎ¥Î´μ° Î ¸É¨ÍÒ
¸ £μ²μ° ³ ¸¸μ° M0 > 0 ¨ ±¥¶²¥·μ¢¸±μ° ³ ¸¸μ° M < M0. �μ± § ´μ, ÎÉμ Ï¨-
·μ±μ · ¸¶·μ¸É· ´¥´´ Ö Ëμ·³  ƒ¨²Ó¡¥·É  ·¥Ï¥´¨Ö ˜¢ ·ÍÏ¨²Ó¤ , ±μÉμ· Ö § ¢¨¸¨É
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Éμ²Ó±μ μÉ ±¥¶²¥·μ¢¸±μ° ³ ¸¸Ò M ¨ μ¶¨¸Ò¢ ¥É Î¥·´Òe ¤Ò·Ò, ´¥ ¥¸ÉÓ ·¥Ï¥´¨¥ Ê· ¢-
´¥´¨° �°´ÏÉ¥°´  ¸ É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸  ÉμÎ¥Î´μ° Î ¸É¨ÍÒ. �·¥¤²μ¦¥´Ò
´μ¢Ò¥ ¶μ²¥¢Ò¥ ¶¥·¥³¥´´Ò¥ ¨ ´μ¢Ò° ±² ¸¸ Ë¨§¨Î¥¸±¨Ì ± ²¨¡·μ¢μ± ·¥Ï¥´¨°, ±μ-
Éμ·Ò¥ ¶μ§¢μ²ÖÕÉ ±μ··¥±É´μ μ¶¨¸ ÉÓ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ ³ ¸¸¨¢´μ° ÉμÎ¥Î´μ° Î -
¸É¨ÍÒ ¢ �’�. ‚¢μ¤¨É¸Ö ¤¥Ë¥±É ³ ¸¸ ÉμÎ¥Î´ÒÌ Î ¸É¨Í, ¨ μ¶·¥¤¥²Ö¥É¸Ö § ¢¨¸¨-
³μ¸ÉÓ ´μ¢ÒÌ ·¥Ï¥´¨° μÉ ¤¥Ë¥±É  ³ ¸¸. �¥§Ê²ÓÉ É ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ± ± § ³¥´Ê
¶μÉ¥´Í¨ ²  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö �ÓÕÉμ´  ϕN = −GN M/r ´  ³μ¤¨Ë¨Í¨·μ¢ ´-
´Ò° ¶μÉ¥´Í¨ ² ϕG = −GN M/

(
r + GN M/c2 lnM0/M

)
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¨§³¥-

´¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´μ£μ ¨´É¥·¢ ² . �μ± § ´μ, ÎÉμ É·¥Ì³¥·´Ò³ ¶²μ¸±¨³
¶·μ¸É· ´¸É¢μ³, ¢ ±μÉμ·μ³ ³μ¦´μ ±μ··¥±É´μ ¸· ¢´¨¢ ÉÓ ÔÉ¨ ¤¢  ¶μÉ¥´Í¨ ² , Ö¢²Ö-
¥É¸Ö É ´£¥´Í¨ ²Ó´μ¥ ¶·μ¸É· ´¸É¢μ ´ ¤ ÉμÎ±μ° ¶μ²μ¦¥´¨Ö ÉμÎ¥Î´μ£μ ¨¸ÉμÎ´¨±  £· -
¢¨É Í¨μ´´μ£μ ¶μ²Ö. ‚¤μ¡ ¢μ± ¤ ´Ò ¨´¢ ·¨ ´É´Ò¥ Ì · ±É¥·¨¸É¨±¨ Ë¨§¨Î¥¸±¨ ¨ £¥μ-
³¥É·¨Î¥¸±¨ · §´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ±² ¸¸μ¢ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´ÒÌ ¸É É¨Î¥¸±¨Ì
¶·μ¸É· ´¸É¢-¢·¥³¥´, ¶μ·μ¦¤¥´´ÒÌ ³ ¸¸¨¢´Ò³¨ ÉμÎ¥Î´Ò³¨ Î ¸É¨Í ³¨. �·¥¤¸É ¢²¥´-
´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ö¢²ÖÕÉ¸Ö ¢ ¦´Ò³¨ ¤²Ö μ¶¨¸ ´¨Ö Ô±¸É·¥³ ²Ó´μ ±μ³¶ ±É´ÒÌ μ¡Ñ¥±Éμ¢,
¨§ÊÎ ¥³ÒÌ ¢ ¸¢Ö§¨ ¸ ¢μ§³μ¦´Ò³¨ ÔËË¥±É ³¨ ÔÌ  ´¥¤ ¢´μ μÉ±·ÒÉÒÌ ±μ²² ¡μ· Í¨¥°
LIGO/VIRGO £· ¢¨É Í¨μ´´ÒÌ ¢μ²´.
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