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Kinetics 

• Kinetics is a branch of dynamics that deals with the relationship between the 
change in motion of a body and the forces that cause this change.  

• The basis for kinetics is Newton’s second law, which states that when an 
unbalanced force acts on a particle, the particle will accelerate in the direction 
of the force with a magnitude that is proportional to the force. 

•  This law can be verified experimentally by applying a known unbalanced 
force F to a particle, and then measuring the acceleration a.  

• Since the force and acceleration are directly proportional, the constant of 
proportionality, m, may be determined from the ratio m = F/a. This positive 
scalar m is called the mass of the particle.  

• Being constant during any acceleration, m provides a quantitative measure of 
the resistance of the particle to a change in its velocity, that is its inertia. 
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Newton’s second Law (NSL) 
• It can also be stated as if the external unbalanced force acts on a body, the 

momentum of the body changes. The rate of change of momentum is 
directly proportional to the force and takes place in the direction of 
motion. 

• Momentum is the quantity of motion possessed by a body. Linear 
momentum of a body is calculated as a product of mass and velocity of 
the body 
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Rectilinear Motion 
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D’Alembert’s Principle( Dynamic Equilibrium) 

• The force system consisting of external forces and inertia force can be 
considered to keep the particle in equilibrium. Since the resultant force 
externally acting on the particle is not zero, the particle is said to be in 
dynamic equilibrium.   
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Steps for analysis 

• Draw FBD  

• Show the direction of acceleration and consider positive sign along the 
direction of acceleration. 

• Assumption for direction of acceleration: 

 if the friction is not given then assume any direction of acceleration. 
Positive answer means assumed direction is correct. 

If friction is given then we must carefully assume the direction of 
acceleration. Here if we get a negative answer, then one should resolve 
the problem by changing the direction. 
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Problem 

Two blocks A and B having mass 15 kg and 30 
kg respectively are released from rest on an 
inclined plane as shown. Find the acceleration of 
each block considering surface to be frictionless. 
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Problem 

• Block A of 100 kg moves up with an acceleration 
of 1.8 m/s2. Determine the mass of the block B and 
the corresponding tension in the cable. 
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Problem 

Determine the weight W required to be 
attached to 120 N block to bring the system 
to stop in 5 seconds if at any stage 500 N is 
moving down at 3 m/s. Assume pulley to be 
frictionless and massless. 
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The system is released from rest. What is the 
height lost by the bodies A, B and C in 2 
seconds. Take coeff of kinetic friction at 
rubbing surfaces as 0.4. also find TA and TB 
tensions in the wires. Assume pulleys to be 
weightless and frictionless. 
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Problem 

Block A has a mass of 30 kg and B has 20 
kg. μs = 0.2, μk = 0.15.  

Dertermine: 

a. The minimum force F to develop 
impending motion 

b. Acceleration of A if the applied force F = 
400 N. 
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WD by a force 
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WD by weight  



6/7/2021 29 29 

WD by frictional force 



6/7/2021 30 30 

WD by spring force 
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Work Energy principle 

Work done by forces acting on a particle during some displacement is equal 
to change in Kinetic energy during that displacement. 
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Conservative Forces 

If the work of a force is moving the particle from one position to another is 
independent of the path of the particle and can be expressed as change in 
potential energy then such forces is called conservative forces 

e.g. weight force, spring force, elastic force 

Non Conservative Forces 

Forces in which work done depends upon the path followed by the particles 

e.g. Frictional force, viscous force. 

Principle of Conservation of Energy 

When the particle is moving from one position to the other under the action of 
conservative forces (i.e. frictional force does not exist) then by energy 
conservation principle we can say that the total energy remains constant 
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Problem 

A 0.8 kg collar slides with 
negligible friction on the fixed 
rod in the vertical plane as 
shown. If the collar starts from 
rest at A under the action of a 
constant 8N horizontal force, 
calculate the velocity as it hits 
the stop at B. 
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Problem 

A collar of mass 15 kg is at rest at A. It can 
freely slide on a vertical smooth rod AB. 
The collar is pulled up by a constant force F 
= 600 N . Unstretched length of the spring is 
1 m. calculate the velocity of the collar 
when it reaches position B. spring constant 
k = 3 N/mm. AC is horizontal 
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Problem 

A mass m = 1.8 kg slides from rest at A 
along the frictionless rod bent into a 
quarter circle. The spring with modulus 
k = 16 N/m has an unstretched length of 
400 mm. 

a. Determine the speed of m at B. 

b. If the path is elliptical what is the 
speed at B. 
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2 blocks A and B having masses 10 kg and 
5 kg resp. are connected with cord and 
pulley system as shown in figure. 
Determine the velocity of each block when 
the system is started from rest and block B 
gets displaced by 2 m. consider μk = 0.2 
between block A and horizontal surface.  
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Problem 

A wagon weighing 490 kN starts from rest, runs 30 m down on the 
inclined surface having slope 1 in 100. and strikes a post as shown in 
fig. if the rolling resistance of the track is 5 N/kN, find the velocity 
of wagon when it strikes the post. If the impact is to be cushioned by 
means of a bumper spring having k = 14.7 kN/mm, determine the 
maximum compression of the bumper spring. 
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Problem 

A body of mass M is released from rest at A. AB is a smooth surface. For 
BC μ= 0.2. k for spring is 0.8 N/m. Determine the maximum compression 
for spring. AB is a quarter circle of R = 0.7 m. 
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Impulse Momentum principle 

    NSL 
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Impulse of a force 

• When a large force acts over a small finite period the force is called 
impulse force.  

• When an impulse force acts on a system, non impulsive forces like 
weight of the body are neglected. 

 

Component form: 
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Principle of conservation of momentum 

• If resultant force is zero in a particular system, then the impulse 
momentum equation reduces to initial momentum = final momentum. 

 

 

 

 

• It happens in many of the force system which comprises of only action 
and reaction forces. (e.g. gun and shell, man jumping off a boat) 
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Impact 

• Phenomenon of collision of two bodies, which occurs for a very small 
interval of time and during which two bodies exert very large force on 
each other, is called an impact. 

  Line of impact: It is the common normal to the surfaces of two bodies in 
contact during impact.  
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Central Impact 
Non Central Impact 

Direct Central Impact 

Oblique Central Impact 
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Direct Central Impact 

Oblique Central Impact 
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Coefficient of restitution (e) 
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Classification of impact based on e 

Perfectly Elastic Impact: 

• e = 1 

• Momentum is conserved along line of impact. 

 

• KE is conserved. 

 

Semi elastic impact 

  0<e<1 

 



6/7/2021 55 55 

Classification of impact based on e 

Perfectly Plastic Impact: 

• e = 0 

• After impact both the bodies move together 

• Momentum is conserved. 

 

• KE is not conserved. There is loss of KE during impact. 
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Problem 

2 smooth balls of mass 3 kg and 4 kg are moving with 
velocities 25 m/s and 40 m/s resp at an angle of 30o 
and 60o with vertical as shown. If the coefficient of 
restitution between them is 0.8, find the magnitude and 
direction of velocities of these balls after impact. 
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Problem 

A 50 gm ball is dropped from a height of 600 
mm on a small plate as shown in figure. It 
rebound to a height of 400 mm when the plate 
directly rests on the ground and to a height of 
250 mm when a foam rubber mat is placed 
between the plate and the ground. Determine 
the coefficient of restitution between the plate 
and the ball and mass of the plate. 



6/7/2021 60 60 



6/7/2021 61 61 



6/7/2021 62 62 

Problem 

A heavy elastic ball drops from the ceiling of a 
room and after rebounding twice from the floor 
reaches a height equal to one half of the height 
of the ceiling. Find the coefficient of restitution. 
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Problem 

A boy of mass 60 kg and girl of 
mass 50 kg dive off the end of a 
boat of mass 160 kg with a 
horizontal velocity of 2 m/s 
relative to the boat as shown in the 
figure. Considering the boat to be 
initially at rest, find its velocity just 
after  

a. Both the boy and girl dive off 
simultaneously  

b. The boy dives first followed by 
girl. 



6/7/2021 65 65 



6/7/2021 66 66 



6/7/2021 67 67 

Problem 

A 20 gm bullet is fired with a velocity of magnitude 600 m/s into a 4.5 kg 
block of wood which is stationary as shown in figure. Knowing that the 
coefficient of kinetic friction between the block and the floor is 0.4, 
determine a. how far the block will move and b. percentage of initial 
energy lost in friction between the block and the floor. 
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Problem 

A 750 kg hammer of a drop hammer pile driver falls 
from a height of 1.2 m onto the top of a pile as 
shown. The pile is driven 100 mm into the ground. 
Assume perfectly plastic impact, determine the 
average resistance of the ground to penetration. 
Assume mass of the pile as 2250 kg. 
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Problem 

A bullet of mass 10 gm is moving with a velocity of 100 
m/s and hits a 2 kg bob of a simple pendulum 
horizontally as shown. Determine the maximum angle 
through which the pendulum string 0.5 m long may 
swing if 

 a. the bullet gets embedded in the bob 

b. The bullet escapes from the other end of the bob with 
a velocity of 10 m/s 
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