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PR effect
(Poynting 1903, Newtonian gravity; 

Robertson 1937, linearized GR).
Consider a small body orbiting a star. 

The light emitted by the star exerts a  radiation pressure on the body 
whose direct effect is a drag force,  which causes the body to fall
into the star, unless the body is so small that it is
pushed away from the star itself. 

Radiation from the Sun (S) and thermal radiation from  a particle seen (a) from an 
observer moving with the particle  and (b) from an observer at rest with respect to the 
Sun.
The effect can be understood in two ways, depending on the reference frame chosen.

From the perspective of the grain of dust circling the Sun, the Sun's radiation appears to 
be coming from a slightly forward direction (aberration of light). Therefore the absorption 
of this radiation leads to a force with a component against the direction of movement. 
(The angle of aberration is extremely small since the radiation is moving at the speed of 
light while the dust grain is moving many orders of magnitude slower than that.)

From the perspective of the solar system as a whole, the dust grain absorbs sunlight 
entirely in a radial direction, thus the grain's angular momentum remains unchanged. 
However, in absorbing photons, the dust acquires added mass via mass-energy 
equivalence.  In order to conserve angular momentum (which is proportional to mass), 
the dust grain must drop into a lower orbit.

http://en.wikipedia.org/wiki/File:Poynting-Robertson_effect.png�


PR effect

The drag force is “naively” understood as an aberration effect: if the body 
is in a circular orbit, for example, the radiation pressure is radially outward 
from the star, but in the rest frame of the body, the radiation appears to 
be coming from a direction slightly towards its own direction of motion, 
and hence a backwards component of force is exerted on the body which 
acts as a drag force. If the drag force dominates the outward radial force, 
the body falls into the star.

For the case in which a body is momentarily at rest, a critical luminosity 
(similar to the Eddington limit for a star) exists at which the inward 
gravitational force balances the outward radiation force, a critical value 
separating radial infall from radial escape. 

Similarly for a body initially in a circular orbit, there are two kinds of 
solutions: those in which the body spirals inward or spirals outward, 
depending on the strength of the radiation pressure.



Classical understanding of the PR effect

The PR effect named after John Henry Poynting and Howard Percy Robertson, is a process by which solar radiation causes a dust   

grain in the solar system to slowly spiral inward. The drag is essentially a component of radiation pressure tangential to the grain's 

motion. The first description of this effect, given by Poynting in 1903, was still  classically based. Later, in 1937, Robertson 

described the effect correctly in terms of general relativity.  

Note that the re-emission of photons, which is isotropic in the frame of the grain, does not affect the dust particle's orbital motion. 

However, in the frame of the solar system, the emission is beamed anisotropically, and hence the photons carry away angular 

momentum from the dust grain. It is somewhat counter-intuitive that angular momentum is lost while the orbital motion of the 

grain is unchanged, but this is an immediate consequence of the dust grain shedding mass during emission and that angular 

momentum is proportional to mass.

The PR drag can be understood as an effective force (opposite the direction of the dust grain's orbital motion), leading to an 

increase in  the grain's angular momentum. It should be mentioned that while the dust grain thus spirals slowly into the Sun, its 

orbital speed increases continuously.



The PR  force is equal to

where W is the power of the incoming radiation, v is the grain's velocity, c is the speed of light, r the grain's radius, G is 
the universal gravitational constant, Ms the Sun's mass, Ls is the solar luminosity and R the grain's orbital radius.

Since the gravitational force goes as the cube of the object's radius, R3(being a function of its volume) whilst the power it 
receives and radiates goes as the square of that same radius, R2 (being a function of its surface), the PR 
effect is more pronounced for smaller objects. Also, since the Sun's gravity varies 1/R2 whereas the PR  force varies as 
1/R2.5, the latter gets relatively stronger as the object approaches the Sun, which tends to reduce the eccentricity of the object's 
orbit in addition to dragging it in.

Rocky dust particles sized a few micrometers need a few thousand years to get from 1 AU distance to distances where 
they evaporate.

For particles much smaller than this, radiation pressure, which makes them spiral outwards from the sun, is stronger 
than the PR effect that makes them spiral inward. For rocky particles about half a µm in diameter, the radiation pressure equals
gravity, and they will be always blown out of the solar system even though the PR effect still affects them. 

Particles of intermediate size will either spiral inwards or outwards depending on their size and their initial velocity vector.



PR effect and bh spacetimes

We consider this problem in the context of a test body in orbit in a 
spherically symmetric Schwarzschild spacetime without the 
restriction of slow motion, and then in the larger context of an 
axially symmetric Kerr spacetime. 

The finite size of the radiating body is ignored. 

The photon flux from the central body is modeled by test photons in 
outward radial motion with respect to the locally nonrotating
observers, namely photons with vanishing conserved angular 
momentum. 

While developing the basic equations for a stationary axisymmetric
spacetime, we have considered their solution only for the 
Schwarzschild and Kerr spacetimes.



GR setting of the problem

Metric

Lapse-Shift notation

ZAMOs

Background 
spacetime



Photon field, superposed as a 
test field to the gravitational
backgroundPhoton (test) 

field



Test particle

4-acceleration frame components



Motion
equations

Equations of motion, 
to be integrated numerically.



Explicit spacetime examples



Schwarzschild



Geos in green



Geos in green



Kerr



Kerr

i.e. it rotates wrt to the coords with
the ZAMO angular velocity







Generalizations

Photons with nonzero angular momentum

Radiation field as an exact solution of the Einstein’s field equations
(Vaidya spacetime)

Test body endowed with intrinsic angular momentum

Finite size of the emitting star

Etc.



b=L/E



Generalization to the case of spinning test particles undergoing PR effect

MP- model for spinning test particles
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