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Abstract
The conclusion that the aerodynamic force of the rocket (or missile) must be in the plane of total
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angle of attack is often given without proof in the current textbook of ballistic trajectory dynamics,
but this is not an obvious conclusion, which is easy to cause students’ confusion in teaching. To
solve this problem, two proofs and analysis of this conclusion are given by comprehensively ap-
plying the transformation relationship between the velocity coordinate system and the body
coordinate system, the symmetry relationship of the rocket aerodynamic coefficient and the ap-
proximate calculation of trigonometric functions with the small angle. It is pointed out that the
proof of this conclusion depends on the symmetry relationship of the rocket aerodynamic coeffi-
cient and can be extended to the warhead or return capsule in the return and reentry phase. The
proof process is highly comprehensive and is very suitable to be explained as a typical example,
which is helpful for students to master the previous knowledge. At the same time, this proof is also
a typical example of using pure mathematical tools to solve engineering problems, which is helpful
to cultivate engineering students’ applied mathematical thinking and improve students’ mathe-
matical modeling ability.
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Figure 1. Rocket body frame and velocity frame
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Figure 2. Conversion diagram from velocity frame to rocket body frame
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