
ME 274: Basic Mechanics II
Lecture 16: Particle Kinetics – Newton’s Laws



In our study of kinematics, the focus has been on describing how bodies are moving

In our study of kinetics, we will now look at why bodies are moving – i.e. what external forces 
are acting on the system, and how they impact the motion we describe with our kinematic 
descriptions.

The fundamental principles that form the basis of our analysis are Newton’s Laws of motion.

Newton’s 2nd Law: The vector resultant 
of forces on a body equals the time rate 
of change of linear momentum.

Newton’s 3rd Law: Two interacting 
bodies will exert equal and opposite 
forces on each other.



Newton’s 2nd Law in 3 kinematic descriptions:

Cartesian Coordinates

𝑎⃗ = 𝑥̈𝚤̂ + 𝑦̈𝚥̂

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

Path Coordinates

𝑎⃗ = 𝑣̇𝑒̂௧ +
𝑣ଶ

𝜌
𝑒̂௡

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:

Polar Coordinates

𝑎⃗ = 𝑟̈ − 𝑟𝜃̇ଶ 𝑒̂௥ + 𝑟𝜃̈ + 2 𝑟̇𝜃̇ 𝑒̂௧

Sum forces: ∑𝑭 = 𝒎 𝒂

Resolve into Components:





Kinetics for the rectilinear Motion of Particles – Net force dependent on time

For a particle of mass 𝑚 traveling along a straight path and experiencing a force 𝐹⃗ = 𝐹𝑒̂௧

If force is a function of time: 𝐹 = 𝐹(𝑡)







Kinetics for the rectilinear Motion of Particles – Net force dependent on position

For a particle of mass 𝑚 traveling along a straight path and experiencing a force 𝐹⃗ = 𝐹𝑒̂௧

If force is a function of position: 𝐹 = 𝐹(𝑠)



Kinetics for the rectilinear Motion of Particles – Net force dependent on velocity

For a particle of mass 𝑚 traveling along a straight path and experiencing a force 𝐹⃗ = 𝐹𝑒̂௧

If force is a function of velocity: 𝐹 = 𝐹(𝑣)




