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Introduction:  Rotation state of asteroids is known 

to be altered by the YORP torque, produced by non-
compensated recoil forces of light scattered and re-
emitted by the surface [1]. To compute this torque 
shape models of limited resolution are used, with smal-
lest resolved structures ranging from meters to hun-
dreds of meters. Under such conditions 1-dimensional 
model nicely describes heat conductivity under each 
surface element [2]. 

But if the shape model resolves structures on deci-
meter scale, an entirely new physics emerges. Now 
heat conductivity problem is essentially 3-dimensional, 
and heat exchange between different surface elements 
is allowed. Under certain conditions it can occur that a 
non-zero average heat flux penetrates stones, so that 
e.g. a significant amount of light absorbed by the east-
ern side of a stone is transferred to its western side via 
heat conductivity and irradiated there. Then each such 
stone on the surface experiences a net recoil force di-
rected eastwards, and rotation of the asteroid accele-
rates. 

We call this effect the tangential YORP, or T-
YORP, and distinguish it from the normal YORP, or 
N-YORP, produced by light recoil forces normal to the 
smoothed ‘global’ surface. But in reality both compo-
nents of the effect operate simultaneously. Moreover, 
difference between them vanishes on small scales, and 
they become inseparable. 

Model:  To estimate the importance of T-YORP, 
we consider a simplified model of an asteroid with 
walls in meridional direction. We consider heat con-
ductivity in these walls, solving 1-dimensional heat 
conductivity equation. Its boundary conditions include 
the Stefan–Boltzmann law, and thus are non-linear. 
Despite the net incident light flux for the east and west 
faces of the wall is the same, the non-linearity causes 
the net emitted light fluxes to differ. The difference 
between them defines the net force per unit surface, 
acting perpendicularly to the wall, and thus tangential-
ly with respect to the ‘global’ surface. 

This force appears to be the strongest when the 
thickness d of the wall is of the same order of magni-
tude with the thermal wavelength Lwave in the wall and 
with the heat conductivity length Lcond [3]. (The latter 
is roughly the maximal depth penetrable by heat. If a 
structure on the surface has bigger sizes, heat conduc-
tivity through it comprises a negligible part of the inci-
dent heat, and 1-dimensional model can be applied in 
each its point.) Far away from the area d ~ Lwave ~ Lcond 
the T-YORP vanishes. The maximal possible values of 

T-YORP are positive, thus it predominantly accele-
rates, not decelerates rotation of asteroids (here means 
that the asteroid has a direct sense of rotation). Values 
of the T-YORP acceleration for the rockiest possible 
surface are estimated to be about an order of magni-
tude bigger than the ones of N-YORP for realistic aste-
roid’s shapes. Sizes of basaltic walls the most plausible 
for T-YORP are about 10 cm. 

Discussion:  Each intermediate-size surface ele-
ment, containing many stones, but still globally 
smooth, experiences both the N-YORP and the T-
YORP forces. The average N-YORP force is about 2 
orders of magnitude bigger. But when creating a torque 
with respect to the center of the asteroid, it has a rela-
tively small lever arm, as it is directed more or less 
radially. Moreover, torques created by different parts 
of the surface largely compensate each other, and the 
resulting overall torque is only due to the slight devia-
tion of the shape of an asteroid from ellipsoidal. In 
contrast, all T-YORP forces can rotate an asteroid in 
the same direction and with the maximal level arm, 
which allows T-YORP sometimes even to overcome 
N-YORP. Even a spherical asteroid covered with 
stones can experience T-YORP acceleration. 

 

 
In contrast to the N-YORP acceleration, the T-

YORP acceleration depends on the rotation rate of an 
asteroid. In principle, it can occur that N-YORP and T-
YORP compensate each other, and the asteroid resides 
in a stable equilibrium rotation state without any ob-
served YORP acceleration or deceleration. 

Though better models of the surface must be consi-
dered to make more reliable predictions about the 
amount of the T-YORP effect, and it is questionable 
whether it really can dominate over N-YORP. The 
accounting for T-YORP will definitely be necessary 
for precise computation of the YORP acceleration of 
asteroids. 
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