Concepts of Mass in General Relativity

Kirk T. McDonald Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544 (June 24, 2026)

A recent paper [1] discussed three concepts of mass, and the Introduction can lead the reader to suppose that the discussion applies to general relativity.^1 But, the discussion in Ref. [1] is actually limited to Newtonian gravity, where it is generally considered that the three types of mass, “inertial”, “active” and “passive”, can be taken as equal.

In general relativity one does not speak of forces, but only of positions, velocities and accelerations (in some frame other than the rest frame of the body itself) of a body with (positive) rest mass m. Hence, the concept of “inertial” mass is little used in general relativity.^2 The rest mass of the body also corresponds to the “active” mass of Bondi, which is the source of its gravitational field. The “passive” mass of Bondi is that which an external gravitational field acts upon, but this is not well defined in general, although it equals the (positive) “active” mass for low velocities.

For example, consider a body with (positive) rest mass m moving with velocity close to c in the field of another mass M at rest, with distance r = r_m − r_M (large compared to the Schwarzschild radius 2GM/c^2, where G is Newton’s constant and c is the speed of light) between the two masses. Then, mass m experiences transverse acceleration ≈ 2m g ≈ −2mMG r̂/r^2 when the velocity of m is perpendicular to the vector r (in so-called isotropic coordinates with source mass M at rest and centered on the origin). In contrast, when the velocity is parallel to r and v > c/ √ 3 the acceleration is away from mass M (antigravity).^3 In the limit as v → c, the acceleration is −2m g for v ‖ r.

A photon has zero rest mass, but one can define an effective mass for a photon of energy E as m_{eff} = E/c^2. One might expect this effective mass to serve as the “active” mass that produces the gravitational field of the photon, which lies only in the plane perpendicular to the motion of the photon (which plane contains the photon). However, it seems that the field far from the photon does not depend on m_{eff} but rather is related to the system that emitted the photon [5]. The effect of an external gravitational field on the photon is the same as that on a massive particle with v ≈ c, which depends on the direction of motion of the photon with respect the the vector r from the source of the external field. That is, neither “active” nor “passive” mass are well defined for a photon.

1This possible confusion is exacerbated by the title of the 1957 paper of Bondi [2] that first introduced three, rather than two concepts of mass.

2June 30, 2026. In special relativity it is sometimes convenient to speak of the “relativistic mass” γm = m/ √ 1 − v^2/c^2 of an object with rest mass m and velocity v, where c is the speed of light. Newton’s second law is F = (d/dt)(γmv) so the “relativistic mass” can be regarded as the “inertial” mass. However, this concept is not relevant in general relativity.

3This result was first deduced by Hilbert in 1916 [3], but is seldom discussed in textbooks. For a review, see [4].

References

[1] D. Giulini, What if active and passive gravitational masses were not equal? Am. J.

Phys. 94(7), 555-560 (2026).

https://doi.org/10.1119/5.0280019
https://kirkmcd.princeton.edu/examples/mechanics/giulini_ajp_94_555_26.pdf

[2] H. Bondi, Negative mass in general relativity, Rev. Mod. Phys. 29(3), 423-442 (1957).

https://doi.org/10.1103/RevModPhys.29.423
https://kirkmcd.princeton.edu/examples/GR/bondi_rmp_29_432_57

[3] D. Hilbert, Die Grundlagen der Physik, Nachr. Gesell. Wiss. Göttingen (Math.-Phys.

Klasse), 53-76 (1917). See p. 75. https://eudml.org/doc/58973

https://kirkmcd.princeton.edu/examples/GR/hilbert_ngwg_53_17.pdf

[4] K.T. McDonald, Gravitational Acceleration of a Moving Object at the Earth’s Surface (April 4, 2016). https://kirkmcd.princeton.edu/examples/gravity_moving.pdf

[5] W.B. Bonnor, The gravitational field of photons, Gen. Rel. Grav. 41, 77-85 (2009). See p. 82. https://doi.org/10.1007/s10714-008-0655-z

https://kirkmcd.princeton.edu/examples/GR/bonnor_grg_41_77_09