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Abstract — Down-range error in the flight of a missile occurs, when the missile remains in the pre-
assigned plane, but strikes the earth before or ahead of the intended target. Cross-range error occurs, when
the missible does not remain in the preassigned plane. Control laws, the extended-cross-product steeering
and dot-product steering are expressed in the elliptical- as well as the astrodynamical-codrdinate mesh.
These laws expressed for coordinate perpendicular to the trajectory, but in the orbital plane (e. g., radial
coordinate, r, for the circular orbit, expressed in the plane-polar codrdinate formulation) should elimiate
down-range error, whereas, the same control expressed for coordinate normal to the orbital plane (e. g.,
normal codrdinate, z, which is normal to the circular orbit) should eliminate cross-range error. In this
work, detailed calculations are given to compute these errors for SRBM (range 300-1000 km; acceleration
due to gravity considered constant during the entire flight; curvature of earth and location of target at the
end of flight time approximated as same as the one at the launch time). In the MRBM (Medium-Range-
Ballistic Missile; range 1000-3000 km) modeling of acceleration due to gravity (altitude, rotation-of-
earth, mass distribution of earth, difference between equitorial and polar radii) is performed, whereas in
the IRBM (Intermediate-Range-Ballistic Missile; range 3000-5500 km) curvature of earth is taken in
account. ICBM (Intercontinental-Ballistic Missile; range more than 5500 km) is most far-reaching
missile, whose mission design is a fixed time-of-flight (transfer time), boundary-value problem, in which
rotation-of-earth is taken into consideration to compute the location of target at the end of transfer time.
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