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Kinematics of Particles and Rigid Bodies 
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Difference between particle and rigid body?? 
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Difference between kinetics and kinematics 

Description of motion without regard to causes of 
motion 

Kinetics or kinematics??? 
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Kinematics of particles: 

It is the study of geometry of translation motion (rectilinear 
and curvilinear) without reference to the cause of motion. 
Force and mass are not considered. 
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Rectilinear kinematics: Continuous motion 

The kinematics of a particle is characterized by specifying, at 
any given instant, the particle’s  

position, displacement, velocity, and acceleration.  
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When the acceleration is constant i.e. a = ac 
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Problem 1 

Hint  

v= ds/dt 

a = dv/dt 
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The car moves in a straight line such that for a short time its velocity is 
defined by v = (3t2 + 2t) m/s, where t is in seconds. Determine its position and 
acceleration when t = 3 s. When t = 0, s = 0. 
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Problem 1 

12 

The car moves in a straight line such that for a short time its velocity is 
defined by v = (3t2 + 2t) ft/s, where t is in seconds. Determine its position and 
acceleration when t = 3 s. When t = 0, s = 0. 
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Problem 2 

13 

Acceleration of a ship, moving in a straight course varies directly as the 
square of the speed. If the speed drops from 3 m/s to 1.5 m/s in 1 minute, 
find the distance moved in this period. 
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Acceleration of a ship, moving in a straight course varies directly as the 
square of the speed. If the speed drops from 3 m/s to 1.5 m/s in 1 minute, 
find the distance moved in this period. 
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Problem 3 

15 

A particle starting from rest, moves in a straight line and its acceleration is 
given by a= 50 - 36t2 m/s2. Determine the velocity of the particle when it has 
travelled 52 m. 
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Problem 3 

16 

A particle starting from rest, moves in a straight line and its acceleration is given by a= 50 - 36t2 

m/s2. Determine the velocity of the particle when it has travelled 52 m. 
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Problem 4 

17 

During a test a rocket travels upward at 75 m/s, and when it is 
40 m from the ground its engine fails. Determine the 
maximum height sB reached by the rocket and its speed just 
before it hits the ground. While in motion the rocket is 
subjected to a constant downward acceleration of 9.81 m/s2 
due to gravity. Neglect the effect of air resistance. 
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Problem 4 

18 

During a test a rocket travels upward at 75 m/s, and when it is 40 m from the ground its engine fails. 
Determine the maximum height sB reached by the rocket and its speed just before it hits the ground. While 
in motion the rocket is subjected to a constant downward acceleration of 9.81 m/s2 due to gravity. Neglect 
the effect of air resistance. 
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Problem 5 

19 

In Asian games, for a 100 m event an athlete accelerates uniformly from start to 
his maximum velocity in a distance of 4 m and runs the remaining distance with 
that velocity. If the athlete finishes the race in 10.4 sec, determine (i) his initial 
acceleration and (ii) his maximum velocity 
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Problem 5 

20 

In Asian games, for a 100 m event an athlete accelerates uniformly from start to his maximum velocity in a 
distance of 4 m and runs the remaining distance with that velocity. If the athlete finishes the race in 10.4 sec, 
determine (i) his initial acceleration and (ii) his maximum velocity 
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Problem 6 

21 

In a food relief area a helicopter going vertically up with a constant velocity drops 
first batch of food packets which takes 4 seconds to reach the ground. No sooner 
this batch reaches the ground, second batch of food products are released and 
this batch takes 5 seconds to reach the ground. From what height was the first 
batch released? Also determine the velocity with which the helicopter is moving 
up. 
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Problem 6 

22 

In a food relief area a helicopter going vertically up with a constant velocity drops first batch of food packets which takes 4 
seconds to reach the ground. No sooner this batch reaches the ground, second batch of food products are released and 
this batch takes 5 seconds to reach the ground. From what height was the first batch released? Also determine the velocity 
with which the helicopter is moving up. 
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Problem 7 

23 

Tests reveal that a normal driver takes about 0.75 s before he or she can react to a 
situation to avoid a collision. It takes about 3 s for a driver having 0.1% alcohol in 
his system to do the same. If such drivers are traveling on a straight road at 44 ft/s 
and their cars can decelerate at 2 ft/s 2 , determine the shortest stopping distance 
d for each from the moment they see the pedestrians.  
Moral: If you must drink, please don’t drive! 
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Problem 7 

24 

Tests reveal that a normal driver takes about 0.75 s before he or she can react to a situation to avoid a collision. It takes about 3 
s for a driver having 0.1% alcohol in his system to do the same. If such drivers are traveling on a straight road at 44 ft/s and their 
cars can decelerate at 2 ft/s 2 , determine the shortest stopping distance d for each from the moment they see the pedestrians.  
Moral: If you must drink, please don’t drive! 
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Rectilinear Kinematics: Erratic motion 

• When a particle has erratic or changing motion then its position, velocity, 
and acceleration cannot be described by a single continuous mathematical 
function along the entire path. 

• A series of functions will be required to specify the motion at different 
intervals.  

• Hence, it is convenient to represent the motion as a graph.  

• If a graph of the motion that relates any two of the variables s,v, a, t can be 
drawn, then this graph can be used to construct subsequent graphs relating 
two other variables since the variables are related by the differential 
relationships v = ds/dt, a = dv/dt, or a ds = v dv 
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S-t, v-t graphs 
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V-t, a-t graphs 
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V-s, a-s graphs 
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A bicycle moves along a straight road such that its position is 
described by the graph shown in Fig. Construct the v-t and a–t 
graphs for 0 <=t <= 30 s.  
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The particle travels along a straight track such that its position is described by the s-
t graph. Construct the v-t graph for the same time interval. 
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The particle travels along a straight track such that its position is described by the s-
t graph. Construct the v-t graph for the same time interval. 
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F12–10. A van travels along a straight road with a velocity described by the graph. 
Construct the s-t and a-t graphs during the same period. Take s = 0 when t = 0 
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F12–10. A van travels along a straight road with a 
velocity described by the graph. Construct the s-t and a-t 
graphs during the same period. Take s = 0 when t = 0 
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The dragster starts from rest and has a velocity described by the graph. Construct the s-t 
graph during the time interval 0<= t <=15 s. Also, determine the total distance traveled during 
this time interval. 
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The dragster starts from rest and has a velocity described by the graph. Construct the s-t 
graph during the time interval 0<= t <=15 s. Also, determine the total distance traveled during 
this time interval. 
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The car starts from rest and travels along a straight track such 
that it accelerates at 10 m/s 2 for 10 s, and then decelerates at 
2 m/s 2 . Draw the v-t and s–t graphs and determine the time t’ 
needed to stop the car. How far has the car traveled? 
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V= 0 t’=60 s 
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The a-t plot for motion of particle is given. Draw the v-t and s-t plots. 
Find the maximum velocity in the time interval and the distance 
travelled by the particle in the time interval 
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A bicycle travels along a straight road where its velocity is described 
by the v-s graph. Construct the a-s graph for the same interval 
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A bicycle travels along a straight road where its velocity is described 
by the v-s graph. Construct the a-s graph for the same interval 
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The sports car travels along a straight road such that its 
acceleration is described by the graph. Construct the v-s graph for 
the same interval and specify the velocity of the car when s = 10 m 
and s = 15 m. 
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The sports car travels along a straight road such that its acceleration is described 
by the graph. Construct the v-s graph for the same interval and specify the 
velocity of the car when s = 10 m and s = 15 m. 
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The v–s graph describing the motion of a motorcycle is shown in Fig. 
Construct the a–s graph of the motion and determine the time needed 
for the motorcycle to reach the position s = 400 ft. 
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The v–s graph describing the motion of a motorcycle is shown in Fig. Construct the a–s graph of the motion 
and determine the time needed for the motorcycle to reach the position s = 400 ft. 
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V-t diagram of a particle moving in a straight line is shown. S= -25 m at t = 0, draw s-t 
and a-t diagram for 0<=t<=24 
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V-t diagram of a particle moving in a straight line is shown. S= -25 m at t = 0, draw s-t 
and a-t diagram for 0<=t<=24 
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The motion of jet plane traveling along runway is defined by the v-t graph shown in 
figure. Construct the s-t and a-t graph for the motion. The plane starts from rest. 
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The motion of jet plane traveling along runway is defined by the v-t graph shown in 
figure. Construct the s-t and a-t graph for the motion. The plane starts from rest. 
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General Curvilinear motion 

• Curvilinear motion occurs when a particle moves 
along a curved path.  

• Since this path is often described in three dimensions, 
vector analysis will be used to formulate the particle’s 
position, velocity, and acceleration.  
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Position 

Consider a particle located at a point on a space curve 
defined by the path function s(t).  

The position of the particle, measured from a fixed point 
O, will be designated by the position vector r = r(t). 

Both the magnitude and direction of this vector will 
change as the particle moves along the curve. 
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Displacement 

 Suppose that during a small time interval   t the particle 
moves a distance   s along the curve to a new position, 
defined by r’ = r + r, The displacement   r represents the 
change in the particle’s position and is determined by 
vector subtraction; i.e.  r =  r‘ - r. 

58 

                       



3/16/2021 59 

Velocity 

Direction is tangent to path curve. Magnitude is speed 
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Acceleration 
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Analysis methods of curvilinear motion 

• In rectilinear motion the displacement velocity and 
acceleration are always directed along the path of 
motion. In curvilinear motion it changes its direction 
instant to instant. Hence analysis of curvilinear motion 
is done using different component systems. 

1. Rectangular component system 

2. Normal and tangential component system 
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Rectangular component system 
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Rectangular component system 
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Rectangular component system 
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At any instant the horizontal position of the weather balloon in is 
defined by x = (8t) ft, where t is in seconds. If the equation of the path 
is y = x2/10, determine the magnitude and direction of the velocity and 
the acceleration when t = 2 s. 
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At any instant the horizontal position of the weather balloon in is defined by x = (8t) ft, where t is in 
seconds. If the equation of the path is y = x2/10, determine the magnitude and direction of the 
velocity and the acceleration when t = 2 s. 
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For a short time, the path of the plane in is described by y = (0.001x2 ) 
m. If the plane is rising with a constant upward velocity of 10 m/s, 
determine the magnitudes of the velocity and acceleration of the plane 
when it reaches an altitude of y = 100 m. 
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For a short time, the path of the plane in is described by y = (0.001x2 ) m. If the plane is rising with a 
constant upward velocity of 10 m/s, determine the magnitudes of the velocity and acceleration of 
the plane when it reaches an altitude of y = 100 m. 
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Projectile motion 

Kinematic analysis of projectile motion is often done in 
terms of its rectangular components 

Horizontal component: (ax = 0m/s2) a constant 

 

 

 

Horizontal component of velocity remains constant. 

Vertical component : (ay = 9.8 m/s2) a constant 
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Range: Distance from the point of projection to the point 
of target 
 
Time of flight: Time taken by projectile to move from the 
point of projection to the point of target. 
 
Maximum height : Height at which vertical component 
of velocity becomes zero 
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A sack slides off the ramp, shown in Fig. with a horizontal velocity of 12 m/s. If the 
height of the ramp is 6 m from the floor, determine the time needed for the sack to 
strike the floor and the range R where sacks begin to pile up 
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A sack slides off the ramp, shown in Fig. with a horizontal velocity of 12 m/s. If the 
height of the ramp is 6 m from the floor, determine the time needed for the sack to 
strike the floor and the range R where sacks begin to pile up 

Choose the origin at A 

Vertical motion: 

 

 

 

Horizontal motion: 
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The track for a racing event was designed so that riders jump off the slope at 30°, 
from a height of 1 m. During a race it was observed that the rider shown in Fig.  
remained in mid air for 1.5 s. Determine the speed at which he was traveling off 
the ramp, the horizontal distance he travels before striking the ground, and the 
maximum height he attains. Neglect the size of the bike and rider. 

72 



3/16/2021 73 

The track for a racing event was designed so that riders jump off the slope at 30°, 
from a height of 1 m. During a race it was observed that the rider shown in Fig.  
remained in mid air for 1.5 s. Determine the speed at which he was traveling off the 
ramp, the horizontal distance he travels before striking the ground, and the 
maximum height he attains. Neglect the size of the bike and rider. 
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A ball is thrown by a boy in the street is caught by another boy on a 
balcony 4 m above the ground and 18 m away after 2 sec as shown in 
fig. Calculate the initial velocity and the angle of projection. 
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A ball is thrown by a boy in the street is caught by another boy on a 
balcony 4 m above the ground and 18 m away after 2 sec as shown in 
fig. Calculate the initial velocity and the angle of projection. 
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Tangential and normal component system 
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(Rate of change of speed of the particle) 
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If at is constant, 
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Reference used for ppt: 

Engineering Mechanics by R.C. Hibbeler 

Engineering Mechanics by NH Dubey 
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