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Introduction:  The YORP effect constitutes the 

major driving force of dynamical evolution of small 

asteroids [1]. It is produced by asymmetric emission 

and scattering of light by asteroids.  
The YORP effect has several distinct 

components: 

 the normal YORP, or NYORP, is produced 

by the global asymmetry of the shape of the 

asteroid [2]; 

 the tangential YORP, or TYORP, is 

produced by the asymmetric emission of 

light by individual boulders on the surface 

of an asteroid [3]; 

 the binary YORP, or BYORP, acts upon 

asymmetric binary asteroids due to their 

global shape asymmetry [4]. 
These effects are hard to isolate from each other, and 

often they appear in concert: single asteroids are 

subject to NYORP and TYORP, while binary 

asteroids experience all the three components of 

YORP simultaneously. 
Evolution under YORP:  Under the YORP ef-

fect, an asteroid evolves in both obliquity and rota-

tion rate. Its YORP evolution in rotation rate is lim-

ited from above by the disruption limit (where the 

centrifugal forces start altering the shape of the aster-

oid), and from below by the tumbling limit (where 

the asteroid exits its principal-axis rotation state, and 

the standard theory of YORP requires substantial 

modifications). 

It is generally assumed that asteroid evolution is 

governed by the YORP cycles, in which an asteroid 

is accelerated by the YORP past its disruption limit, 

forms a binary, the secondary component eventually 

leaves the system and takes a substantial fraction of 

the angular momentum with it, while the primary 

starts a new YORP cycle. 

Still, during such a YORP cycle the evolution in 

rotation rate is paralleled by the evolution in obliqui-

ty. This can dramatically alter the aforementioned 

picture, as alteration of obliquity can change acceler-

ation of rotation rate into deceleration, and thus pre-

vent the asteroid from reaching the disruption limit.  

It turns out, that in a simple model including 

NYORP with no thermal inertia, a simple universal 

fit to NYORP exists, producing a general trend in 

evolution of asteroids. Most initial conditions at the 

exit from the tumbling area lead asteroids back to the 

tumbling area, and only very special initial condi-

tions allow the asteroid to reach the disruption limit. 

This behavior can be altered by TYORP, 

BYORP, tides, or effect of the thermal inertia on 

NYORP, producing, in particular, YORP equilibria.                            

YORP equilibria: Several types of such equilib-

ria have been discussed. 

Firstly, NYORP-TYORP equilibrium can exist 

for asteroids with small negative NYORP torques. As 

the angular acceleration produced by NYORP does 

not depend on the rotation rate, while the TYORP 

changes with the rotation rate, it can happen that at 

just the right rotation rate  NYORP and TYORP 

compensate each other [3]. 

Secondly, NYORP-BYORP equilibrium can be 

reached in doubly synchronous binary systems. As 

NYORP is independent from the distance between 

the asteroids, and BYORP increases linearly with the 

distance, at just the right distance the two effects can 

compensate each other, creating a stable equilibrium 

state [5]. 

Thirdly, NYORP-TYORP-BYORP equilibrium 

can occur in singly synchronous binary systems. In 

this case, the primary gets the angular momentum 

from the combined  NYORP-TYORP torque, the 

secondary loses the angular momentum to BYORP, 

and tides re-distribute the torque within the binary 

[6]. 

All the three types of equilibria are estimated to 

have significant probabilities, of the order of 10%. 

Discussion: The YORP equilibria can eliminate a 

substantial fraction of asteroids from the YORP cy-

cles and prevent them from further dynamical evolu-

tion. Due to this self-control, the YORP effect can 

become less active an evolutionary factor than it 

could be, were it always present but not compen-

sated. 

The full theory of YORP is underway. This theo-

ry should include all the components of YORP, as 

well the tidal torques and asteroid collisions. It 

should account for the possibility of tumbling and 

landslides. It should be able to compute YORP of 

asteroids of known shapes, and understand the uncer-

tainties of such computations due to the unknown 

fine details of the shape models. It should correctly 

reproduce the distribution of asteroids over the rota-

tion rates and obliquities, the observed number of 

binaries and young pairs.  

Most essential ingredients for this theory are al-

ready known to us. It looks like we just need to better 

constrain the unknown parameters from the observa-

tions, simulate all the processes in concert, and we 

will be able to reproduce in silico the dynamic world 

of small asteroids.  
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