
  † Both texts also are available in a single volume,  Vector Mechanics for Engineers: Statics 
and Dynamics,  tenth edition. 

  ‡ In a parallel text,  Mechanics for Engineers: Dynamics,  fifth edition, the use of vector 
algebra is limited to the addition and subtraction of vectors, and vector differentiation is 
omitted. 

FORCES IN A PLANE

2.2  FORCE ON A PARTICLE. RESULTANT 
OF TWO FORCES

A force represents the action of one body on another and is generally 
characterized by its point of application, its magnitude, and its direc-
tion. Forces acting on a given particle, however, have the same point 
of application. Each force considered in this chapter will thus be 
completely defined by its magnitude and direction.
 The magnitude of a force is characterized by a certain num-
ber of units. As indicated in Chap. 1, the SI units used by engi-
neers to measure the magnitude of a force are the newton (N) and 
its multiple the kilonewton (kN), equal to 1000 N, while the U.S. 
customary units used for the same purpose are the pound (lb) and 
its multiple the kilopound (kip), equal to 1000 lb. The direction 
of a force is defined by the line of action and the sense of the 
force. The line of action is the infinite straight line along which 
the force acts; it is characterized by the angle it forms with some 
fixed axis (Fig. 2.1). The force itself is represented by a segment of 

Fig. 2.1 (a)

A 30°
10 lb

(b)

A 30°
10 lb

Line of 

t Forces 

e in Space
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   Preface 

  OBJECTIVES  
 The main objective of a first course in mechanics should be to 
develop in the engineering student the ability to analyze any problem 
in a simple and logical manner and to apply to its solution a few, 
well-understood, basic principles. It is hoped that this text, as well 
as the preceding volume,  Vector Mechanics for Engineers: Statics,
will help the instructor achieve this goal.  †    

 GENERAL APPROACH  
 Vector algebra was introduced at the beginning of the first volume and 
is used in the presentation of the basic principles of statics, as well as 
in the solution of many problems, particularly three-dimensional prob-
lems. Similarly, the concept of vector differentiation will be introduced 
early in this volume, and vector analysis will be used throughout the 
presentation of dynamics. This approach leads to more concise deriva-
tions of the fundamental principles of mechanics. It also makes it pos-
sible to analyze many problems in kinematics and kinetics which could 
not be solved by scalar methods. The emphasis in this text, however, 
remains on the correct understanding of the principles of mechanics 
and on their application to the solution of engineering problems, and 
vector analysis is presented chiefly as a convenient tool.  ‡    

   Practical Applications Are Introduced Early.   One of the char-
acteristics of the approach used in this book is that mechanics of 
particles  is clearly separated from the mechanics of  rigid bodies.  This 
approach makes it possible to consider simple practical applications 
at an early stage and to postpone the introduction of the more dif-
ficult concepts. For example:

   •   In  Statics,  the statics of particles is treated first, and the principle 
of equilibrium of a particle was immediately applied to practical 
situations involving only concurrent forces. The statics of rigid 
bodies is considered later, at which time the vector and scalar 
products of two vectors were introduced and used to define the 
moment of a force about a point and about an axis.  

  •   In  Dynamics,  the same division is observed. The basic con-
cepts of force, mass, and acceleration, of work and energy, and 
of impulse and momentum are introduced and first applied to 

xix
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xx Preface problems involving only particles. Thus, students can familiarize 
themselves with the three basic methods used in dynamics and 
learn their respective advantages before facing the difficulties 
associated with the motion of rigid bodies.      

 New Concepts Are Introduced in Simple Terms.   Since this 
text is designed for the first course in dynamics, new concepts are 
presented in simple terms and every step is explained in detail. On 
the other hand, by discussing the broader aspects of the problems 
considered, and by stressing methods of general applicability, a defi-
nite maturity of approach has been achieved. For example, the con-
cept of potential energy is discussed in the general case of a 
conservative force. Also, the study of the plane motion of rigid bodies 
is designed to lead naturally to the study of their general motion in 
space. This is true in kinematics as well as in kinetics, where the 
principle of equivalence of external and effective forces is applied 
directly to the analysis of plane motion, thus facilitating the transition 
to the study of three-dimensional motion.   

 Fundamental Principles Are Placed in the Context of Simple 
Applications.   The fact that mechanics is essentially a  deductive  
science based on a few fundamental principles is stressed. Derivations 
have been presented in their logical sequence and with all the rigor 
warranted at this level. However, the learning process being largely 
 inductive,  simple applications are considered first. For example:

   •   The kinematics of particles (Chap. 11) precedes the kinematics 
of rigid bodies (Chap. 15).  

  •   The fundamental principles of the kinetics of rigid bodies are first 
applied to the solution of two-dimensional problems (Chaps. 16 
and 17), which can be more easily visualized by the student, while 
three-dimensional problems are postponed until Chap. 18.      

 The Presentation of the Principles of Kinetics Is Unified.   The 
tenth edition of  Vector Mechanics for Engineers  retains the unified 
presentation of the principles of kinetics which characterized the previ-
ous nine editions. The concepts of linear and angular momentum are 
introduced in Chap. 12 so that Newton’s second law of motion can be 
presented not only in its conventional form  F  5  m  a , but also as a law 
relating, respectively, the sum of the forces acting on a particle and the 
sum of their moments to the rates of change of the linear and angular 
momentum of the particle. This makes possible an earlier introduction 
of the principle of conservation of angular momentum and a more 
meaningful discussion of the motion of a particle under a central force 
(Sec. 12.9). More importantly, this approach can be readily extended 
to the study of the motion of a system of particles (Chap. 14) and leads 
to a more concise and unified treatment of the kinetics of rigid bodies 
in two and three dimensions (Chaps. 16 through 18).   

 Free-Body Diagrams Are Used Both to Solve Equilibrium 
Problems and to Express the Equivalence of Force Systems.   
Free-body diagrams were introduced early in statics, and their impor-
tance was emphasized throughout. They were used not only to solve 

17.1 INTRODUCTION
In this chapter the method of work and energy and the method of 
impulse and momentum will be used to analyze the plane motion of 
rigid bodies and of systems of rigid bodies.
 The method of work and energy will be considered first. In 
Secs. 17.2 through 17.5, the work of a force and of a couple will be 
defined, and an expression for the kinetic energy of a rigid body in 
plane motion will be obtained. The principle of work and energy will 
then be used to solve problems involving displacements and veloci-
ties. In Sec. 17.6, the principle of conservation of energy will be 
applied to the solution of a variety of engineering problems.
 In the second part of the chapter, the principle of impulse and 
momentum will be applied to the solution of problems involving veloc-
ities and time (Secs. 17.8 and 17.9) and the concept of conservation 
of angular momentum will be introduced and discussed (Sec. 17.10).
 In the last part of the chapter (Secs. 17.11 and 17.12), problems 
involving the eccentric impact of rigid bodies will be considered. As 
was done in Chap. 13, where we analyzed the impact of particles, 
the coefficient of restitution between the colliding bodies will be 
used together with the principle of impulse and momentum in the 
solution of impact problems. It will also be shown that the method 
used is applicable not only when the colliding bodies move freely 
after the impact but also when the bodies are partially constrained 
in their motion.

17.2  PRINCIPLE OF WORK AND ENERGY 
FOR A RIGID BODY

The principle of work and energy will now be used to analyze the 
plane motion of rigid bodies. As was pointed out in Chap. 13, the 
method of work and energy is particularly well adapted to the solu-
tion of problems involving velocities and displacements. Its main 
advantage resides in the fact that the work of forces and the kinetic 
energy of particles are scalar quantities.
 In order to apply the principle of work and energy to the analy-
sis of the motion of a rigid body, it will again be assumed that the 
rigid body is made of a large number n of particles of mass Dmi. 
Recalling Eq. (14.30) of Sec. 14.8, we write

 T1 1 U1y2 5 T2 (17.1)

where T1, T2 5  initial and final values of total kinetic energy of particles 
forming the rigid body

  U1y2 5  work of all forces acting on various particles of the body 

 The total kinetic energy

 T 5
1
2

 On

i51
¢mi v

2
i  (17.2)

is obtained by adding positive scalar quantities and is itself a positive 
scalar quantity. You will see later how T can be determined for vari-
ous types of motion of a rigid body.
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735

FREE-BODY PRACTICE PROBLEMS

12.F9 Four pins slide in four separate slots cut in a horizontal circular 
plate as shown. When the plate is at rest, each pin has a velocity 
directed as shown and of the same constant magnitude u. Each 
pin has a mass m and maintains the same velocity relative to the 
plate when the plate rotates about O with a constant counterclock-
wise angular velocity �. Draw the FBDs and KDs to determine 
the forces on pins P1 and P2. 

12.F10 At the instant shown, the length of the boom AB is being de-
creased at the constant rate of 0.2 m/s, and the boom is being 
lowered at the constant rate of 0.08 rad/s. If the mass of the men 
and lift connected to the boom at point B is m, draw the FBD and 
KD that could be used to determine the horizontal and vertical 
forces at B.

 12.F11 Disk A rotates in a horizontal plane about a vertical axis at the 
constant rate u

.
0. Slider B has a mass m and moves in a frictionless 

slot cut in the disk. The slider is attached to a spring of constant 
k, which is undeformed when r 5 0. Knowing that the slider is 
released with no radial velocity in the position r 5 r0, draw a FBD 
and KD at an arbitrary distance r from O.

B

O

E

D
C

r

q

0.2 m

Fig. P12.F12

A

B

a

6 m

Fig. P12.F10

  0
⋅ 

B

A

O

Spring

r

q

Fig. P12.F11

u

u

u

uOP1

P2

P3

P4

r

r
r

r

Fig. P12.F9

12.F12 Pin B has a mass m and slides along the slot in the rotating arm OC 
and along the slot DE which is cut in a fixed horizontal plate. Ne-
glecting friction and knowing that rod OC rotates at the  constant 
rate u

.
0, draw a FBD and KD that can be used to determine the 

forces P and Q exerted on pin B by rod OC and the wall of slot 
DE, respectively.
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xxiequilibrium problems but also to express the equivalence of two sys-
tems of forces or, more generally, of two systems of vectors. The 
advantage of this approach becomes apparent in the study of the 
dynamics of rigid bodies, where it is used to solve three-dimensional 
as well as two-dimensional problems. By placing the emphasis on 
“free-body-diagram equations” rather than on the standard algebraic 
equations of motion, a more intuitive and more complete under-
standing of the fundamental principles of dynamics can be achieved. 
This approach, which was first introduced in 1962 in the first edition 
of  Vector Mechanics for Engineers,  has now gained wide acceptance 
among mechanics teachers in this country. It is, therefore, used in 
preference to the method of dynamic equilibrium and to the equa-
tions of motion in the solution of all sample problems in this book.     

 Optional Sections Offer Advanced or Specialty Topics.   A 
large number of optional sections have been included. These sections 
are indicated by asterisks and thus are easily distinguished from those 
which form the core of the basic dynamics course. They can be omit-
ted without prejudice to the understanding of the rest of the text. 
  The topics covered in the optional sections include graphical 
methods for the solution of rectilinear-motion problems, the  trajectory 
of a particle under a central force, the deflection of fluid streams, 
problems involving jet and rocket propulsion, the kinematics and 
kinetics of rigid bodies in three dimensions, damped mechanical 
vibrations, and electrical analogues. These topics will be found of 
particular interest when dynamics is taught in the junior year. 
  The material presented in the text and most of the problems 
requires no previous mathematical knowledge beyond algebra, trigo-
nometry, elementary calculus, and the elements of vector algebra pre-
sented in Chaps. 2 and 3 of the volume on statics.  †   However, special 
problems are included, which make use of a more advanced knowl-
edge of calculus, and certain sections, such as Secs. 19.8 and 19.9 on 
damped vibrations, should be assigned only if students possess the 
proper mathematical background. In portions of the text using ele-
mentary calculus, a greater emphasis is placed on the correct under-
standing and application of the concepts of differentiation and 
integration, than on the nimble manipulation of mathematical formu-
las. In this connection, it should be mentioned that the determination 
of the centroids of composite areas precedes the calculation of cen-
troids by integration, thus making it possible to establish the concept 
of moment of area firmly before introducing the use of integration.  

Preface

  † Some useful definitions and properties of vector algebra have been summarized in Ap-
pendix A at the end of this volume for the convenience of the reader. Also, Secs. 9.11 
through 9.18 of the volume on statics, which deal with the moments of inertia of masses, 
have been reproduced in Appendix B. 
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