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Engineering Mechanics (Dynamics)  

 
 Kinematics of particle, 
 Rectilinear motion. 
 Curvilinear motion. 
 Rotational motion. 
 Kinetics, force, mass and acceleration, 
 Kinetic of particle Newton’s 2nd law. 

 
 

General Description: 
Kinetics of particle, rectilinear motion, curvilinear motion, rectangular components of 

curvilinear motion, Rotational motion, kinetics, force, mass and acceleration, kinetic of particle 
Newton’s 2nd law. 
 

*Workshop Skills 
The workshop training program is designed to satisfy the following: 
Objectives Teaching safety rules and regulations on-site in an industrial environment proper 
use of working tools, instruments, and machines, introducing basic workshop practices, 
production, labor, and time-requirements of workshop operations. The students are 
introduced to training programs in six workshops:  welding, forging, turning and milling, 
carpentry, and casting. The student is to spend 2 hours of training in every workshop 

 

Notes: 
 These lectures were prepared and used by me to conduct lectures for 1st year B. Tech. students 

as part of Engineering Mechanics course. 
 Theories, Figures, Problems, Concepts used in the lectures to fulfill the course requirements 

are taken from the following references  
 I take responsibility for any mistakes in solving the problems. Readers are requested to rectify 

when using the same. 
 I thank the following authors for making their books & lectures available for reference 
A. Ali 
 

References: - 
 Vector Mechanics for Engineers – Statics & Dynamics, Beer & Johnston; 10 edition. 
 Engineering Mechanics Statics Vol. 1, Engineering Mechanics Dynamics Vol. 2, Meriam  &  

Kraige; 6thedition. 
 Engineering Mechanics – Statics, lectures by instructor, R. Ganesh Narayanan. 
 Engineering Mechanics Dynamics, 14 ed., R. C. Hibbeler. 
 Engineering Mechanics – Dynamics, lectures by instructor, Y. Wang. 
 Lectures of other instructors in the department.  
 Any other references in this field. 
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II-Dynamics 

Previous sections were devoted to statics, i.e., to the analysis of bodies at 

rest. 

We now begin the study of dynamics, the part of mechanics that deals with 

the analysis of bodies in motion. 

Dynamics Includes: 

1. Kinematics,  which  is  the  study  of  the  geometry  of  motion. 

Kinematics is used to relate displacement, velocity, acceleration, and time, 

without reference to the cause of the motion. 

2.   Kinetics, which is the study of the relation existing between the forces 

acting on a body, the mass of the body, and the motion of the body.  

Kinetics  is  used  to  predict  the  motion  caused  by given  forces  or  to  

determine  the  forces  required  to  produce  a given motion. 

 

1- Rectilinear Motion of particles: 

(Position, velocity and acceleration) 

A particle moving along a straight line is said to be in rectilinear motion. 

At any instant (t), the particle will occupy a certain position on the straight 

line. The distance (position) x, with the Appropriate sign, completely 

defines the position of the particle; it is called the Position Coordinate of 

the particle. For example, the position coordinate corresponding to P in 

Fig. (a) is x=+5 m; the coordinate corresponding to P/ in Fig. (b) is x/ = -2 

m. 
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If the motion of the particle may be given in the form of an equation in (x) 

and (t) such as: 

329 ttx   

P: position occupied by the particle at time (t) and coordinate (x) 

P`: position occupied by particle at time (t+Δt) and coordinate (x+Δx). 

 

Average velocity = 
t

x




 m/sec or ft/sec 

Instantaneous velocity:     
dt

dx
v   

Average acceleration =
t

v




 

Instantaneous acceleration  
dt

dv
a   

Or                                       
2

2

dt

xd
a       ,    

dx

dv
va   

  

Example:- 

If the position of a particle along x-axis varies in time as:- 

132 2  ttx  

1- What is the velocity at t=0? 

2- When does velocity become zero? 

3- What is the velocity at the origin? 

4- Plot position – time plot. 
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Solution:- 

We first need to find out an expression for velocity by differentiating the 

given function of position with respect to time as: 

34  tv  

1- The velocity at t = 0 

                                3m/s -  3- 0  4  v   

2- When velocity becomes zero:   0.75sec. 3/4 t        0;  3 -4t                                

3-The velocity at the origin: 

At origin, x = 0,          0  1 3t - 2t x 2         s 1 s, 0.5 t  

This means that particle is twice at the origin at t = 0.5 s and     t = 1 s. 

Now,  s/m 1-  3 - 0.5 x 4  3 -4t    v ) s 0.5  t (   

Negative sign indicates that velocity is directed in the negative x _ 

direction. 

s/m 1  3 - 1 * 4  3 -4t   v ) s 1  t (   

4- 
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Example:- 

Consider a particle moving in a straight line, and assume that its position is 

defined by the equation: - 

x= 6 t2 – t3 

Find velocity & acceleration and draw it for t= 0 to t= 6 sec. 

sol:- 

  ,    

    

xxxxxxx 
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2d3b4b5c 

Ball move (-2→ 4→ -4)    

Ball move (-2→ 4→ -4)    
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ans.: 1d2b3d 
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Ans.: 3c4d 
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Example: 

 

Determination of the motion of a particle 

The motion of a particle is said to be known if the position of the particle is 

known for every value of the time t. In general, the acceleration of the particle 

can be expressed as a function of one or more of the variables x, v, and t. In 

order to determine the position coordinate x in terms of  t, it will thus be 

necessary to perform two successive integrations. 

Let us consider three common classes of motion: 

1- ).(tfa   The acceleration is a given function of t. 

dttfdv

adtdv

)(


 

Then 

  dttfdv )(  

 
tv

v

dttfdv
0

)(
0

 


t

dttfvv
0

0 )(  

(note: we can write v = dx / dt ) 

   

2- ).(xfa   The acceleration is a given function of x.  

dxxfvdv

adxvdv

)(


 

Then 
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 
x

x

v

v

dxxfvdv
00

)(  


x

x

dxxfvv
0

)(
2

1

2

1 2

0

2  

3- ).(vfa   The acceleration is a given function of v. 

)()(

)()(

vf

vdv
dx

vf

dv
dt

dx

dv
vvf

dt

dv
vf





 

Example:- 

The position of a particle which moves along a straight line is defined by the relation    

x = t3 – 6 t2 – 15 t + 40, where x is expressed in feet and t in seconds. Determine (a) the 

time at which the velocity will be zero, (b) the position and distance travelled by the 

particle at that time, (c) the acceleration of the particle at that time, (d) the distance 

travelled by the particle from t = 4 s to t = 6 s.,   Sol. 
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HW : Read Exs. 11.2-11.3 & Solve problem 11.CQ1 – 11.32 page 613 in ref.1 
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Uniform Rectilinear Motion 

In this motion, the acceleration (a) of the particle is zero for every value of t. 

.consv
dt

dx
  

The position coordinate x is obtained by integrating this equation. Denoting by 

x0 the initial value of x, we write 

 
tx

x

dtvdx
00

 

vtxx

vtxx





0

0

 

This equation can be used only if the velocity of the particle is known to be 

constant.  

Uniformly Accelerated Rectilinear Motion 

The acceleration is therefore constant and:- 

.consta
dt

dv
  

the velocity; v ; of the particle is obtained by integrating; 

 
v

v

t

dtadv
0 0

 

atvv

atvv





0

0

 

Where (v0) is the initial velocity. Substituting for (v), then we write 

2

00

2

00

0

0

0

2

1

2

1

)(
0

attvxx

attvxx

dtatvdx

atv
dt

dx

x

x

t









 
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We can also write 

adxvdv

consta
dx

dv
v



 .
 

)(2

)()(
2

1

0

2

0

2

0

2

0

2

0 0

xxavv

xxavv

dxavdv
v

v

x

x





 

 

The three equations we have derived provide useful relations among 

position coordinate, velocity, and time in the case of a uniformly accelerated 

motion, an important application of uniformly accelerated motion is the 

motion of a freely falling body. The acceleration of a freely falling body 

(usually denoted by g) is equal to 9.81 m/s2 or 32.2 ft./s2. 

 

It is important to keep in mind that the three equations can be used only 

when the acceleration of the particle is known to be constant. 

 

Example: - A ball is tossed with a velocity of 10 m/s directed vertically upward 

from a window located 20 m above the ground.  Knowing that the 

acceleration of the ball is constant and equal to 9.81 m/s2 downward, 

determine (a) the velocity v and elevation y of the ball above the ground at 

any time t, (b) the highest elevation reached by the ball and the 

corresponding value of t, (c) the time when the ball will hit the ground and 

the corresponding velocity. Draw the v−t and y−t curves. 
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Motion of Several Particles: Dependent Motion 

Relative Motion of Two Particles.  Consider two particles A and B 

moving along the same straight line.  If the position coordinates xA and xB 

are measured from the same origin, the difference  xB- xA  defines  the  

relative  position  coordinate  of  B  with respect to A and is denoted by 

xB/A. We write 

  

The rate of change of xB/A is known as the relative velocity of B with 

respect to A and is denoted by vB/A. Differentiating above, we write 

 

A positive sign for vB/A means that B is observed from A to move in the 

positive direction; 

a negative sign means that it is observed to move in the negative direction. 

The rate of change of vB/A is known as the relative acceleration of B with 

respect to A and is denoted by aB/A. Differentiating above equ., we obtain 

 

Dependent Motions: 

Position of a particle may depend on position of one or more other 

particles.  

 

 

 

 

 

 

 


