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Letter to Nature: Summary
The Russian scientist Ivan Osipovich Yarkovsky (1844-1902), predicted that the momentum carried by a photon will cause a net torque (Yarkovsky effect) that could alter the rotational dynamics of small bodies in space (such as an asteroid).

Over a century later, in 2007, three physicists: O'Keefe, Radzievskii and Paddack, extended this idea by saying that the irregularities in an asteroid’s shape, and the asteroid’s ability to absorb/reflect light incident upon it (the asteroid’s ‘albedo’), would contribute greatly to the extent to which an asteroid’s rotational dynamics are changed.  Thus the Yarkovsky-O'Keefe-Radzievskii-Paddack (YORP) effect was introduced to include this idea within the already founded Yarkovsky effect.
Using readings over a period of twelve years (1991-2003), the Yarkovsky effect on an asteroid was measured which provided strong evidence for the Yarkovsky effect.  The aim of this investigation was to provide evidence for the YORP effect; that the shape and albedo of an asteroid determines how much it is affected by radiation torques given off by the Sun.  This was done by taking data of the rotational and orbital dynamics of the asteroid 1862 Apollo, which has a determined shape and size.
The investigation allows us to gain a more meaningful insight into the rotational and orbital dynamics (such as rotational rate and changes in rotational axes) of small, irregularly-shaped bodies in space.  The YORP effect can cause asteroids to change their period of rotation by such an amount that, in the case of 1862 Apollo, the rotation period was increased by one more rotation cycle in forty years which is significant considering 1862 Apollo has an average diameter of 1.4km.

In order to provide sufficient evidence for the YORP effect, data of the rotational rate of an asteroid of known size (in this case 1862 Apollo) was taken over a significant period of time (twenty five years).  By plotting the predicted rotational rate of 1862 Apollo exhibiting YORP behaviour and not exhibiting YORP behaviour, and comparing these plots to the data obtained from 1862 Apollo, it could be seen whether YORP is a suitable model for the rotational dynamics of small, irregularly-shaped asteroids.
In order to view how the asteroid’s rotational period was changing; the rotation of the asteroid was measured over time and this was done by obtaining light curves.  Light curves are graphs of the intensity of light given off from the surface of an asteroid as a function of time.  The intensity given off is affected by the shape and albedo of the surface it is incident on and so, by knowing the shape and albedo of 1862 Apollo, they were able to identify when the asteroid had made one complete revolution by finding peaks in the curve.

By using light curves obtained for four years over a period of twenty five years, the data obtained were able to give a true interpretation of the change in the rate of rotation of 1862 Apollo.
The results showed that the data fitted very well to those expected if the asteroid were exhibiting YORP behaviour, and didn’t fit well if YORP was neglected.  Thus sufficient evidence was provided that an asteroid’s shape, size and albedo affects the extent to which it’s rotation is accelerated by radiation torques given off by the Sun’s light.

This investigation allows us to understand the extent to which radiation torques can change the orbital and rotational dynamics of a body in space.  It can be so significant such that it can cause asteroids to change their rotational cycle.  It has allowed me to gain a meaningful insight into the greater effects of quantum physics in our Solar system.  And it inspires the question “how much is photon momentum affecting the orbital and rotational dynamics of the Earth?”
