
ARO406, Spring 2014 Lecture 00b - 04/03/2014

Newton’s Laws and Basic Concepts
Lecturer: Try Lam try.lam@jpl.nasa.gov

1 Introductions

We will begin the discussion of aerospace dynamics with a review of the basic principles from physics. More
specifically, we will review Newton’s Laws of motion and his universal law of gravitational attraction as it
relates to aerospace dynamics.

2 Newton’s Laws

First published in by Newton in his Philosophi Naturalis Principia Mathematica (Mathematical Principles
of Natural Philosophy) in 1687, Newton’s laws of motion describes the relationship between a body and the
forces acting upon it, and its motion in response to that forces. They can be expressed as:

• 1st Law: Law of inertia or uniform motion law. An object as viewed from the inerital frame at rest or
move with a constant speed will remain so unless external forces are applied.

∑
F = 0 ∴ dv/dt = 0.

Example of external forces: thrust, drag, friction, etc. Note: The coordinate frame has to be inertial
frame because of the coordinate frame is non-inertial then the frame is accelerating and a stationary
object as seen from a non-inertial frame appears to be accelerating (i.e., looking at a star from Earth’s
surface).

• 2nd Law: The rate of change of linear momentum, p, of an object is equal to the force applied, i.e.,
F = dp/dt = d (mv) /dt. If mass of the system is a constant, then we have F = ma, where a = dv/dt.
Note: Must obey the 1st Law.

• 3rd Law: Action Reaction. If there exist a force F12 of particle 2 imposed on particle 1, then there
must be an equal (in magnitude) and opposite (in direction) force F21 of particle 1 on particle 2.
For example, if an isolated two-body system exist with no external forces applied, then the body will
have a common barycenter (center of mass) and the motion of that system can be describe w.r.t. the
barycenter.

• Universal Law of Gravitation: Any two particels attract one another with a force of magnitude F =
Gm1m2/r

2, where m1 and m2 are the masses of the particles and r is the distance between them. G
is the universal constant of gravitation, 6.6695 × 10−11 m3/kg · s2.

3 Examples

In class.

References

[1] H. Curtis, “Orbital Mechanics for Engineering Students”, Journal of Machine Learning Research,
Butterworth-Heinemann.

[2] D. Thorby, “Structural Dynamics and Vibration in Practice —An Engineering Handbook”, Butterworth-
Heinemann, 2008.

1



2


	Lecture 00b – Newton's Laws and Basic Concepts
	Introductions
	Newton's Laws
	Examples


