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Introduction:  Every material changes the volume 

it occupies with temperature. This is characterized by its 

volumetric thermal expansion coefficient 𝛼𝑉(𝑇) =
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 which is temperature dependent. The tempera-

ture depth profiles of asteroids orbiting the Sun are sim-

ilar to that of a damped oscillator. The material inside 

the asteroid undergoes expansion and contraction at dif-

ferent rates as a function temporal and spatial variation 

of the temperature profile. In general, we expect the as-

teroid to expand in volume close to the Sun and shrink 

far away from the Sun. This effect can be expected to be 

more profound the larger the eccentricity of the orbit. 

Further, the asteroid elongates, or deforms, due to the 

diurnal rotation. Finally, the differential rates of expan-

sion within the asteroid cause stresses. Again, the mag-

nitude of these effects scales with both the coefficient of 

thermal expansion and the eccentricity of the orbit. 

Method:  In our work, we estimate the volume and 

shape changes of asteroids due to the temperature de-

pendence of the thermal expansion coefficient on tem-

perature. We use thermal profiles of asteroids at various 

points in their orbits and calculate the elongations in 

various directions while assuming the original shape to 

be that of a sphere. The thermal profiles are calculated 

from a 1D Heat Conduction Equation (HCE). From this 

simple 1D slab model, we also estimate the possible vol-

ume changes. We make use newly available experi-

mental data by [1] on the temperature dependence of the 

linear thermal expansion coefficient for important me-

teorite groups. For this analysis, we assume that the as-

teroid is made up of 1D slabs and that the heat only con-

ducts within each slab. Then for each such a 1D slab, we 

have a temperature profile 𝑇(𝑡, 𝑥) for each time instant. 

We can then simply calculate the elongation of a 1D 

slab by: 
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Where Δ𝐿(𝑥) is the elongation of a slab’s element at 

depth 𝑥, 𝐿𝑡0
(𝑥) is the original length of the slab’s ele-

ment located at depth 𝑥 at time instant 𝑡0, 𝑇(𝑡0, 𝑥) and 

𝑇(𝑡, 𝑥) are the respective temperatures at the depth 𝑥 of 

the given slab in the two time instants. If we calculate 

this for enough slabs that represent the shape of an as-

teroid, we can then estimate the shape change of the as-

teroid as a function of time or position on the orbit. 

Discussion:  The effect of volume change will be 

most apparent for asteroids on highly eccentric orbits. 

Unfortunately, the current data is only available for tem-

peratures from 5 - 300 K which precludes application of 

these calculations to the full orbit of NEAs and the cur-

rent use is limited to main belt asteroids and the behav-

ior of NEAs in the outer portions of their orbits. Also 

the current dataset includes only a limited amount of 

meteoric materials. Yet, general shape change is mostly 

due to the diurnal variations. The most important infor-

mation coming from our results is whether the effect of 

volume or shape change, due to the thermal dependence 

of expansion coefficient, is significant or negligible. 

Based on the general fact that for most asteroidal mate-

rials, the heat wave penetrates only a very thin subsur-

face layers, we can expect that the shape change will be 

negligible (as the temperature varies in a very shallow 

layer under the surface) and therefore asteroids on 

mostly circular orbits will be unaffected. On the other 

hand, we can probably observe some volume changes 

for asteroids on highly eccentric orbits. 

Conclusions: We determine the significance of 

thermal dependency of linear expansion coefficient of 

some asteroidal materials for changes in volume and 

shape during an asteroid’s orbit. 

We also examine the significance of this effect for 

the induced thermal stresses inside the asteroid as op-

posed to the situation with temperature independent ex-

pansion coefficient. 
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