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Chapter Three 

Kinetics of Particles  

 

1. Introduction  

  

According to Newton's second law, a particle  will accelerate when it is 

subjected to unbalanced forces. Kinetics is the study of the relations between 

unbalanced forces and the resulting changes in motion. In Chapter 3 we will 

study the kinetics of particles. This topic requires that we combine our 

knowledge of the properties of forces, which we developed in statics, and the 

kinematics of particle motion just covered in Chapter 2. With the aid of Newton's 

second law, we can combine these two topics and solve engineering problems 

involving force, mass, and motion. The three general approaches to the solution 

of kinetics problems are: (A) direct application of Newton's second law (called 

the force-mass-acceleration method), (B) use of work and energy principles, and 

(C) solution by impulse and momentum methods. Each approach has its special 

characteristics and advantages, and Chapter 3 is subdivided into Sections A, B, 

and C, according to these three methods of solution. In addition, a fourth section, 

Section D, treats special applications and combinations of the three basic 

approaches. Before proceeding, you should review carefully the definitions and 

concepts of Chapter 1, because they are fundamental to the developments which 

follow. 

 

2. Section A: Force, mass and acceleration  

 

 Newton's second law:  

 

The basic relation between force and acceleration is found in Newton's second 

law. The verification of which is entirely experimental. We subject a mass 
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particle to the action of a single force F1, and we measure the acceleration al of 

the particle in the primary inertial system. We then repeat the experiment by 

subjecting the same particle to a different force F2 and measuring the 

corresponding acceleration a2. The experiment is repeated as many times as 

desired:  

 

 

We conclude that the constant C is a measure of some invariable property of the 

particle. This property is the inertia of the particle, which is its resistance to rate 

of change of velocity.  

Then:  

 

where k is a constant introduced to account for the units used. Thus, we may 

express the relation obtained from the experiments as  

 

If k = 1  

F= m a    

The acceleration is always in the direction of the force.  

 Inertial system  

 

Although the results of the ideal experiment are obtained for measurements 

made relative to the "fixed" primary inertial system, they are equally valid for 

measurements made with respect to any nonrotating reference system which 

translates with a constant velocity with respect to the primary system. From our 

study of relative motion, we know that the acceleration measured in a system 
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translating with no acceleration is the same as that measured in the primary 

system. Thus, Newton's second law holds equally well in a nonaccelerating 

system, so that we may define an inertial system as any system in which Eq. 3/2 

is valid. If the ideal experiment described were performed on the surface of the 

earth and all measurements were made relative to a reference system attached to 

the earth, the measured results would show a slight discrepancy from those 

predicted by Eq. 3/2, because the measured acceleration would not be the correct 

absolute acceleration. The discrepancy would disappear when we introduced the 

correction duo to the acceleration components of the earth. These corrections are 

negligible for most engineering problems which involve the motions of structures 

and machines on the surface of the earth. In such cases, the accelerations 

measured with respect to reference axes attached to the surface of the earth may 

be treated as "absolute," and Eq. 3/2 may be applied with negligible error to 

experiments made on the surface of the earth. 
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An increasing number of problems occur, particularly in the fields of rocket 

and spacecraft design, where the acceleration components of the earth are of 

primary concern. For this work it is essential that the fundamental basis of 

Newton's second law by thoroughly understood and that the appropriate absolute 

acceleration components must be employed. 

The concept of time, considered an absolute quantity in the Newtonian theory, 

received a basically different interpretation in the theory of relativity announced 

by Einstein in 1905. The new concept called for a complete reformulation of the 

accepted laws of mechanics. The theory of relativity was subjected to early 

ridicule, but has been verified by experiment and is now universally accepted by 

scientists. Although the difference between the mechanics of Newton and that of 

Einstein is basic, there is a practical difference in the results given by the two 

theories only when velocities of the order of the speed of light (300 X 10
6
 m/s) 

are encountered
*
. 

 

The theory of relativity demonstrates that there is no such thing as a preferred 

primary inertial system and that measurements of time made in two coordinate 

systems which have a velocity relative to one another are different. On this basis, 

for example, the principles of relativity show that a clock carried by the pilot of a 

spacecraft traveling around the earth in a circular polar orbit of 644 km altitude at 

a velocity of 27 080 km/h would be slow compared with a clock at the pole by 

0.000 001 85 sec for each orbit. 

 

Important problems dealing with atomic and nuclear particles, for example, 

require calculations based on the theory of relativity. 
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 Rectilinear Motion 

 

We will analyze the motions of bodies which can be treated as particles. This 

simplification is possible as long as we are interested only in the motion of the 

mass center of the body. In this case we may treat the forces as concurrent 

through the mass center.  

If we choose the x-direction, for example, as the direction of the rectilinear 

motion of a particle of mass m, the acceleration in the y- and z-directions will be 

zero and the scalar components of Newton's eq. become 

 

For cases where we are not free to choose a coordinate direction along the 

motion, we would have in the general case all three component equations 

 

Where:  
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3/1: During a brake test, the rear-engine car is stopped from an initial speed of 

100 km/h in a distance of 50 m. If it is known that all four wheels contribute 

equally to the braking force, determine the braking force F at each wheel. 

Assume a constant deceleration for the 1500-kg car. Ans. F = 2890 N 

 

3/2: The 50-kg crate is stationary when the force P is applied. Determine the 

resulting acceleration of the crate if (a) P = 0, (b) P = 150 N, and (c) P = 300 N. 
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