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ABSTRACT

The Yarkovsky effect describes a differential thermal momentum transfer that affects the orbital trajectories of small asteroids and meteoroids. It differs from solar radiation pressure in the sense that it is caused by the temperature difference generated on the asteroid surface due to solar radiation. The magnitude of the Yarkovsky effect is a function of the mass and thermal characteristics such as absorptivity and emissivity of the asteroid surface. We have focused our research on the artificial enhancement of Yarkovsky thrust for the asteroid Apophis because it concerns the possibility of impacting Earth by 2029, to deflect it from its base trajectory, as the Yarkovsky effect is driven by a temperature gradient on the asteroid surface that creates differential thermal radiation. This differential radiation can be enhanced by employing a spacecraft with a targeted electrostatic spraying mechanism, coupled with a UV radiator that can create a positively charged layer on the target locations of the asteroid surface. Each target location can then act as an electrostatic adhesive for the sprayed nanoparticles (induced with negative charge) such that they stick and alter the surface albedo (refer Figure 1). To further enhance the Yarkovsky effect, UV radiation can be focused on the sprayed target locations as long as the spacecraft is in orbit. Apophis belongs to the class of Chondrite meteors and is in a retrograde orbit around the Sun. Consequently, the enhanced Yarkovsky thrust will alter the orbit trajectory in a controlled manner such that Apophis will steer clear of the Earth. A similar technique may be utilised for other killer asteroids if orbit trajectories are known well in advance. The proposed method is expected to deflect the asteroid from its base trajectory within the stipulated timeframe. The proposed spraying mechanism will enable electrostatic adhesion such that the spray-coated locations will be able to absorb and radiate as per the spin-rate of the asteroid to alter the surface albedo to induce significant changes in its trajectory. The onboard UV radiator will further increase the net radiation being absorbed and radiated by the asteroid surface, hence intensifying the Yarkovsky thrust in the desired direction (refer Figure 2). The paper, in part, discusses how effective thrust enhancement can deflect Apophis such that it misses its approach trajectory towards Earth.
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Figure 2:
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