
           LECTURE NOTE ON 

                     ENGINEERING MECHANICS 

                  1ST/2ND SEMESTER (ALL BRANCHES) 

 

                    

 

PREPARED BY:  

                             KEDARNATH JENA 

                              LECT. IN MECHANICAL 

                              GP JAJPUR 



FUNDAMENTALS OF ENGINEERING MECHANICS 

Definitions of Mechanics –  

1. A branch of physical science that deals with energy and forces and their effect on bodies.  

2. the practical application of mechanics to the design, construction, or operation of machines 

or tools 

Definitions of enginnering Mechanics 

The subject engineering mechanics is the branch of applied science which deals with the laws 

and principles of mechanics, along with their applications to engineering problems . 

Sub division of Engg. Mechanics 

 

 



 

Force 

Defination –  

Force is an external agent capable of changing the state of rest or motion of a particular body. It has 
a magnitude and a direction. The direction towards which the force is applied is known as the 
direction of the force and the application of force is the point where force is applied. 

The Force can be measured using a spring balance. The SI unit of force is Newton(N). 

Common symbols: F→, F 

SI unit: Newton 

In SI base units: kg·m/s2 



Other units: dyne, poundal, pound-force, kip, kilo pond 

Derivations from other quantities:  F = m a 

Dimension: LMT-2 

 

Classification of force system according to plane & line of action 

  

 

 

 



Principle of transmissibility 

The state of rest or of motion of a rigid body is unaltered if a force acting on the body is replaced by 
another force of the same magnitude and direction but acting anywhere on the body along the line of 

action of the applied forces. In the following animation, two rigid blocks A and B are joined by a rigid rod. 
If the system is moving on a frictionless surface, the acceleration of the system in both the cases is given 

by, 

Acceleration=Applied force/total mass 

It is independent of the point of application 



 

Principle of Superposition 

This principle states that the combined effect of force system 

acting on a particle or a rigid body is the sum of effects of 

individual forces. 

Consider two forces P and Q acting at A on a boat as shown in 

Fig.3.1. Let R be the resultant of these two forces P and Q. 

According to Newton’s second law of motion, the boat will 
move in the direction of resultant force R with acceleration 

proportional to R. The same motion can be obtained 

when P and Q are applied simultaneously. 

 



 

 

Action & Reaction Forces 

1. A force is a push or a pull that acts upon an object as a results of its interaction with another 

object. 

2. Forces result from interactions but some forces result from contact interactions (normal, 

frictional, tensional, and applied forces are examples of contact forces) and other forces are the 

result of action-at-a-distance interactions (gravitational, electrical, and magnetic forces). 

According to Newton, whenever objects A and B interact with each other, they exert forces 

upon each other. When you sit in your chair, your body exerts a downward force on the chair 

and the chair exerts an upward force on your body. There are two forces resulting from this 

interaction - a force on the chair and a force on your body. These two forces are 

called action and reaction forces and are the subject of Newton's third law of motion. Formally 

stated, Newton's third law is:  

For every action, there is an equal and opposite reaction. 

The statement means that in every interaction, there is a pair of forces acting on the two 

interacting objects. The size of the forces on the first object equals the size of the force on the 

second object. The direction of the force on the first object is opposite to the direction of the 

force on the second object. Forces always come in pairs - equal and opposite action-reaction 

force pairs.  

Concept of Free Body  Diagram 
 

 



 

 

 

 

 



 



 

 

 



 

 



 

 



 

 

 



 



 



 

 



 



 

 

 

 



 



 



 

Law of moments 

 

 

When an object is balanced (in equilibrium) the sum of the clockwise moments is 

equal to the sum of the anticlockwise moments. 

Force 1 x its distance from pivot = Force 2 x distance from the pivot 
 

F1 d1 = F2 d2 



COUPLE  

Definition – Couple, in mechanics, pair of equal parallel forces that are opposite in direction. The only 

effect of a couple is to produce or prevent the turning of a body. 

- The turning effect, or moment, of a couple is measured by the product of the magnitude of 
either force and the perpendicular distance between the action lines of the forces. 
 

 

https://www.britannica.com/science/force-physics
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CHAPTER   5                 SIMPLE MACHINES 

 

GEAR TRAIN OR TRAIN OF WHEELS 

Two or more gears are made to mesh with each other, so as to operate as a single system, 

to transmit power from one shaft to another. Such a combination is called gear train or 

train of wheels. Following are the two types of train of wheels depending upon the 

arrangement of wheels: 

1. Simple gear train. 

2. Compound gear train. 

1. SIMPLE GEAR TRAIN 

            Sometimes the distance between the two wheels is great. The motion from one 

wheel to  another, in such a case, may be transmitted by either of the following two 

methods : 

            1. By providing a large sized wheel, or 

            2. By providing intermediate wheels, 

Providing large wheel is veryinconvenient and uneconomical; whereas providing 

intermediate wheels is very convenient and economical. 

It may be noted that when the number of intermediate wheels is odd, the motion of both 

thewheels (i.e., driver and follower) is same. But, if the number of intermediatewheels is 

even, the motion of the follower is the opposite direction of the driver. 
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Simple gear train 

Now consider a simple train of wheels with one intermediate wheel. 

                       Let N1 = Speed of the driver 

                              T1 = No. of teeth on the driver, 

                     N2, T2 = Corresponding values for the intermediate wheel, and 

                      N3, T3 = Corresponding values for the follower. 

      Since the driver gears with the intermediate wheel, therefore 

                   
N₂N₁ = 

T₁T₂                     ……….. (i) 

Similarly, as the intermediate wheel gears with the follower, therefore 

                   
N₃N₂ = 

T₂T₃                          ……....(ii) 

Multiplying equation (ii) by (i), 

                     
N₃ N₂ × 

N₂N₁ = 
T₂T₃× 

T₁T₂ 
Or                 

N₃ N₁ = 
T₁T₃ 

                ∴ Speed of the followerSpeed of the driver   = 
No.  of teeth on the driverNo.  of teeth on the follower 

Similarly, it can be proved that the above equation also holds good, even if there are 

anynumber of intermediate wheels. It is thus obvious, that the velocity ratio, in a simple 

train of wheels, is independent of the intermediate wheels. These intermediate wheels are 

also called idle wheels, as they do not effect the velocity ratio of the system. 

2. COMPOUND GEAR TRAIN 

We have seen that the idle wheels, in a simple train of wheels, do not affect the 

velocity ratio of the system. But these wheels are useful in bridging over the space 

between the driver and the follower. But whenever the distance between the driver 

and follower has to be bridged over by intermediate wheels and at the same time a 

great (or much less) velocity ratio is required then the advantageof intermediate 
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wheels in intensified by providing compound wheels on intermediate shafts. In 

thiscase, each intermediate shaft has two wheels rigidly fixed to it, so that they 

may have the samespeed. One of these two wheels gears with the driver and the 

other with the follower attached to thenext shaft. 
 

                     

Compound gear train 
              Let N1 = Speed of the driver 1 

                     T1 = No. of teeth on the driver 1, 

           Similarly,  N2, N3, ...N6 = Speed of the respective wheels. 

                            T2, T3, ...T6 = No. of teeth on the respective wheels. 

                Since the wheel 1 gears with the wheel 2, therefore 

                           
N₂N₁ = 

T₁T₂                                  ……(i) 

 

          Similarly,  
N₄N₃ = 

T₃T₄                            ………(ii) 

 

                And      
N₆N₅ = 

T₅T₆                           ……...(iii) 

 

Multiplying equation  (i), (ii) and (iii) we get 
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N₂N₁ ×  

N₄N₃ × 
N₆N₅ = 

T₁T₂ × 
T₃T₄ × 

T₅T₆ 
 

                   
N₆N₁ =  

T₁T₂ × T₃T₄ × 
T₅T₆   (∵ N2 = N3 and N4 = N5 ) 

 

                                = 
Product of teeth on the driversProduct of teeth on the followers 

 

 

 

Example : The gearing of a machine tools is shown in Fig. 
 

                          

The motor shaft is connected to A and rotates at 975 r.p.m. The gear wheels B, C, 

D and E are fixed to parallel shafts rotating together. The final gear F is fixed on 

the output shaft G. What is the speed of F ? The number of teeth on each wheel is 

as given below : 

Gear                     A     B    C    D    E    F 

No. of teeth         20   50   25   75  26   65 
 

Solution: Given:  

           Speed of the gear wheel A (NA) = 975 r.p.m.; 

             No. of teeth on wheel A (TA)= 20;  

             No. of teeth on wheel B (TB) = 50;  

             No. of teeth on wheel C (TC) = 25;  

             No. of teeth on wheel D(TD) = 75;  

             No. of teeth on wheel E (TE) = 26  

         and no. of teeth on wheel F (TF) = 65. 
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                Let NF = Speed of the shaft F. 

 

We know that   

 

=
20×25 ×2650×75 ×65  = 

475                     ∵               

                    

                              NF =  975 × 475 = 52 r.p.m. 

LIFTING MACHINE 

             It is a device, which enables us to lift a heavy load (W) by applying a 

comparatively smaller effort (P). 

MECHANICAL ADVANTAGE 

     The mechanical advantage (briefly written as M.A.) is the ratio of weight lifted (W) 

to the effort applied (P) and is always expressed in pure number.  

          Mathematically, mechanical advantage, 

                              M.A. = 
𝑊𝑃  

INPUT OF A MACHINE 

         The input of a machine is the work done on the machine. In a lifting machine, it is 

measured by the product of effort and the distance through which it has moved. 

                                 = P × y 

OUTPUT OF A MACHINE 

     The output of a machine is the actual work done by the machine. In a lifting machine, 

it is measured by the product of the weight lifted and the distance through which it has 

been lifted. 

                            = W  × x         

 EFFICIENCY OF A MACHINE 

          It is the ratio of output to the input of a machine and is generally expressed as a 

percentage. 
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                 Mathematically, efficiency, 

                          η = 
Output𝐼𝑛𝑝𝑢𝑡  × 100 

IDEAL MACHINE 

          If the efficiency of a machine is 100% i.e., if the output is equal to the input, the 

machine is called as a perfect or an ideal machine. 

IDEAL LOAD (Wi): 

         The load lifted by an ideal machine is known as ideal load. 

      The load lifted by an ideal machine is always greater than that of a normal/actual 

machine. 

                        Wi  ˃ W 

In case of ideal machine friction is zero 

            So          M.A =V.R 

                          
Wi𝑃  = V.R  

                 ⇒   Wi = V.R × P 

Load lost due to friction :  frictional load – Actual load 

                Wf =   Wi – W 

                 =  (P × V.R) – W 

IDEAL EFFORT (Pi) : 

      The effort applied to lift the load in an ideal machine is known as ideal effort. 

 The ideal effort is always less than that of actual effort. 

                          Pi < P 

In case of ideal machine friction is zero 

            So          M.A =V.R 

                          
WPi = V.R  
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                 ⇒   Pi = 
WV.R 

Effort lost due to friction : Actual effort – frictional effort 

                    Pf =   P – Pi 

                        =   P -  
WV.R 

Example : In a certain machine, an effort of 100 N is just able to lift a load of 840 N, 

Calculate efficiency and friction both on effort and load side, if the velocity ratio of the 

machine is 10. 

Solution.  

                Given: Effort (P) = 100 N ; Load (W) = 840 N and velocity ratio (V.R.) = 10. 

          We know that M.A. 

                                             
WP  = 

840100 = 8.4 

            And efficiency,       
M.AV.R  = 

8.410 × 100 = 84% 

Friction of the machine in terms of effort, 

                                Pf =    P -  
WV.R = 100 - 

84010  = 16 N 

and friction of the machine in terms of load, 

            Wf = (P × V.R.) – W = (100 × 10) – 840 = 160 N  

 

VELOCITY RATIO 

       The velocity ratio (briefly written as V.R.) is the ratio of distance moved by the 

effort (y) to the distance moved by the load (x) and is always expressed in pure number.  

           Mathematically, velocity ratio, 

                                             V.R. = 𝑦𝑥 

RELATION BETWEEN EFFICIENCY, MECHANICAL ADVANTAGE AND 
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VELOCITY RATIO OF A LIFTING MACHINE 

           It is an important relation of a lifting machine, which throws light on its 

mechanism. 

         Now consider a lifting machine, whose efficiency is required to be found out. 

             Let W = Load lifted by the machine, 

                     P = Effort required to lift the load, 

                     y = Distance moved by the effort, in lifting the load, and 

                     x = Distance moved by the load. 

                We know that M.A. = 
𝑊𝑃   and V.R.  = 

𝑦𝑥 

      We also know that input of a machine 

                   = Effort applied × Distance through which the effort has moved 

                       = P × y                                                 ...(i) 

and output of a machine = Load lifted × Distance through which the load has been lifted 

                      = W × x                                               ...(ii) 

                       ∴ Efficiency, η = 
OutputInput   = 

W × xP × y   = 
M.AV.R  

Note. It may be seen from the above relation that the values of M.A. and V.R. are equal 

only in case of a machine whose efficiency is 100%. But in actual practice, it is not 

possible. 

Example: In a certain weight lifting machine, a weight of 1 kN is lifted by an effort of 25 

N. While the weight moves up by 100 mm, the point of application of effort moves by 8 

m.Find mechanical advantage, velocity ratio and efficiency of the machine. 

Solution. 

         Given: Weight (W) = 1 KN = 1000 N ;  

                     Effort (P) = 25 N ;  
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                     Distance through which the weight is moved (x) = 100 mm = 0.1 m and                        

distance through which effort is moved (y) = 8 m. 

Mechanical advantage of the machine. 

             We know that mechanical advantage of the machine 

                                              M.A = 
WP  =

100025  = 40 

Velocity ratio of the machine of the machine 

              We know that velocity ratio of the machine 

                                V.R = 
𝑦𝑥 = 

80.1 = 80 

Efficiency of the machine 

             We also know that efficiency of the machine, 

                  η = 
𝑀.𝐴𝑉.𝑅  × 100 = 

4080 × 100 = 50% 

REVERSIBILITY OF A MACHINE 

         Sometimes, a machine is also capable of doing some work in the reversed 

direction, after the effort is removed. Such a machine is called a reversible machine and 

its action is known as reversibility of the machine. 

CONDITION FOR THE REVERSIBILITY OF A MACHINE 

            Consider a reversible machine, whose condition for the reversibility is required to 

be found out. 

                Let W = Load lifted by the machine, 

                        P = Effort required to lift the load, 

                     y = Distance moved by the effort, and 

                     x = Distance moved by the load. 

      We know that input of the machine 

                    = P × y                                                      ...(i) 
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            and output of the machine = W × x                 ...(ii) 

     We also know that machine friction 

            = Input – Output = (P × y) – (W × x)             ...(iii) 

A little consideration will show that in a reversible machine, the *output of the machine 

should be more than the machine friction, when the effort (P) is zero. i.e., 

                            W × x > P × y – W × x 

              Or       2 W × x > P × y 

                or         
𝑊 ×𝑥𝑃 ×𝑦  > 

12 

or                          

or                       
𝑀.𝐴𝑉.𝑅  > 12 

                                 ∴ η > 
12 = 50% 

Hence the condition for a machine, to be reversible, is that its efficiency should be more 

than 50%. 

SELF-LOCKING MACHINE 

      Sometimes, a machine is not capable of doing any work in the reversed direction, 

after the effort is removed. Such a machine is called a non-reversible or self-locking 

machine. A little consideration will show, that the condition for a machine to be non-

reversible or self-locking is that its efficiency should not be more than 50%. 

Example:A certain weight lifting machine of velocity ratio 30 can lift a load of 1500N 

with the help of 125 N effort. Determine if the machine is reversible. 

Solution. Given: Velocity ratio (V.R.) = 30;  

                  Load (W) = 1500 N and 

                   effort (P) = 125 N. 

             We know that 



 

 

 

11 

                    M.A. =
 WP  = 

1500125  = 12 

                and efficiency, 

                 η = 
𝑀.𝐴𝑉.𝑅  ×100 = 

1230 × 100 = 40% 

Since efficiency of the machine is less than 50%, therefore the machine is non-

reversible. 

Example :In a lifting machine, whose velocity ratio is 50, an effort of 100 N is required 

to lift a load of 4 KN. Is the machine reversible ? If so, what effort should be applied, so 

that themachine is at the point of reversing ? 

Solution. 

            Given: Velocity ratio (V.R.) = 50 ;                

           Effort (P) = 100 N 

    and load (W) = 4 KN = 4000 N. 

           Reversibility of the machine 

           We know that  

            M.A.= 
𝑊𝑃  = 

400050  = 40 

           and efficiency, 

            η = 
𝑀.𝐴𝑉.𝑅 × 100 = 

4050 × 100 = 80% 

            Since efficiency of the machine is more than 50%, therefore the machine is            

reversible.  

 

 

 

          Effort to be applied 
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                   A little consideration will show that the machine will be at the point of                                

reversing, when its efficiency is 50% or 0.5. 

                Let P 1 = Effort required to lift a load of 4000 N when the machine is at the 

point of reversing. 

                  We know that M.A. = 
WP₁ = 

4000𝑃₁  

                    and efficiency, 0.5 = 
𝑀.𝐴𝑉.𝑅  = 

4000/𝑃₁50  = 
80𝑃₁ 

                      P1 = 0.5 × 80 = 160 N. 

LAW OF A MACHINE 

The term ‘law of a machine’ may be defined as relationship between the effort applied 

and the load lifted. Thus for any machine, if we record the various efforts required to 

raise the corresponding loads, and plot a graph between effort and load, we shall get a 

straight line AB as shown in Fig.  

          We also know that the intercept OA represents the amount of friction offered by    

the machine. Or in other words, this is the effort required by the machine to 

  overcome the friction, before it can lift any load. 

                     Mathematically,                          

                 the law of a lifting machine is given by the relation : 

                    P = mW + C 

          where P = Effort applied to lift the load, 

           m = A constant (called coefficient of friction) which is equal to the slope of the   

line AB, Fig.  
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          W = Load lifted, and 

             C = Another constant, which represents the machine friction, (i.e. OA). 

         Maximum M.A: 

                        M.A max.  =  1𝑚 

         Maximum Efficiency: 

                    η  max.  = 
1𝑚 × 𝑉.𝑅 ×100 

 

Example:What load can be lifted by an effort of 120 N, if the velocity ratio is 18 and 

efficiency of the machine at this load is 60% ? 

        Determine the law of the machine, if it is observed that an effort of 200 N is 

required to lift a load of 2600 N and find the effort required to run the machine at a load 

of 3.5 kN. 

 

Solution. 

Given: 

             Effort (P) = 120 N ;  

      Velocity ratio (V.R.) = 18 and 

           efficiency (η) = 60% = 0.6. 

Load lifted by the machine 

           Let     W = Load lifted by the machine. 

         Mechanical Advantage, M.A = 
WP  = 

W120 = W/120 

             And efficiency,  0.6 = 
M.AV.A  = 

W/12018  = 
W2160 

                         or          W = 0.6 × 2160 = 1296 N 

Law of machine 
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           In the second case, P = 200 N and W = 2600 N 

      Substituting the two values of  P and W in the law of the machine, i.e., P = m W + C, 

                120 = m × 1296 + C                                    ...(i)  

            and 200 = m × 2600 + C                                ...(ii) 

         Subtracting equation (i) from (ii),  

                            80 = 1304 m  

         or                m =  
801304 =  0.06 

 and now substituting the value of m in equation (ii)  

                          200 = (0.06 × 2600) + C = 156 + C 

                             C = 200 – 156 = 44  

Now substituting the value of m = 0.06 and C = 44 in the law of the machine,  

                             P = 0.06 W + 44  

Effort required to run the machine at a load of 3.5 kN. 

           Substituting the value of W = 3.5 kN or 3500 N in the law of machine,  

                          P = (0.06 × 3500) + 44 = 254 N  

Problem :In a lifting machine, an effort of 40 N raised a load of 1 kN. If efficiency of the 

machine is 0.5, what is its velocity ratio ? If on this machine, an effort of 74 N raised a 

load of 2 kN, what is now the efficiency ? What will be the effort required to raise a load 

of 5 kN ? 

Solution.Given:  

                  When Effort (P) = 40 N;  

                            Load (W) = 1 kN = 1000 N;  

                     Efficiency (η) = 0.5;  

                  When effort (P) = 74 N and  

                             load (W) = 2 kN = 2000 N.  
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Velocity ratio when efficiency is 0.5.  

                We know that M.A. = 
WP  = 

100040  = 25 

                     And Efficiency,  = 0.5 = 
𝑀.𝐴𝑉.𝑅  = 

25𝑉.𝑅 

                 And Velocity ratio,   V.R = 
250.5 = 50 

Efficiency when P is 74 N and W is 2000 N 

                  Mechanical Advantage,   M.A  = 
WP  = 

200074  = 27 

             And efficiency, η = 
𝑀.𝐴𝑉.𝑅   × 100 = 

2750 × 100 = 0.54 × 100 = 54% 

Effort required to raise a load of 5 KN or 5000 N 

Substituting the two values of P and W in the law of the machine, i.e. P = mW + C  

                       40 = m × 1000 + C                                       ...(i)  

               And 74 = m × 2000 + C                                      ...(ii)  

      Subtracting equation (i) from (ii), 

                     34 = 1000 m or     m = 
341000 = 0.034 

              and now substituting this value of m in equation (i),  

                       40 = (0.034 × 1000) + C = 34 + C  

                         ∴ C = 40 – 34 = 6  

      Substituting these values of m = 0.034 and C = 6 in the law of machine,  

                       P = 0.034 W + 6                                       ...(iii)  

      ∴ Effort required to raise a load of 5000 N, 

                      P = (0.034 × 5000) + 6 = 176 N 

SIMPLE WHEEL AND AXLE  



 

 

 

16 

                       

 Fig. is shown a simple wheel and axle, in which the wheel A and axle B are keyed to the 

same shaft. The shaft is mounted on ball bearings, order to reduce the frictional 

resistance to a minimum. A string is wound round the axle B, which carries the load to 

be lifted. A second string is wound round the wheel A in the opposite direction to that of 

the string on B. 

                    Let D = Diameter of effort wheel,  

                           d = Diameter of the load axle,  

                         W = Load lifted, and 

                          P = Effort applied to lift the load.  

One end of the string is fixed to the wheel, while the other is free and the effort is applied 

to this end. Since the two strings are wound in opposite directions, therefore a downward 

motion of the effort (P) will raise the load (W).  

Since the wheel as well as the axle are keyed to the same shaft, therefore when the wheel 

rotates through one revolution, the axle will also rotate through one revolution. 

 We know that displacement of the effort in one revolution of effort wheel A, 

                                       = πD                                                        ........(i) 

                and displacement of the load in one revolution 

                                      = πd                                                              ...(ii) 

            Velocity ratio,  V.R = 
Distance moved by the effortDistance moved by the load  = 

πDπd = 
Dd 

                   Mechanical advantage,    M.A. = 
Load liftedEffort applied = 

WP  
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                             Efficiency,                    η = 
M.A.V.R.  ×100 

Problem:A simple wheel and axle has wheel and axle of diameters of 300 mm and 30 

mm respectively. What is the efficiency of the machine, if it can lift a load of 900 N by 

an effort of 100 N. 

 

 

 

          Solution. 

            Given:  

                      Diameter of wheel (D) = 300 mm;  

                      Diameter of axle (d) = 30 mm;  

                      Load lifted by the machine (W) = 900 N and  

                     effort applied to lift the load (P) = 100 N  

             We know that velocity ratio of the simple wheel and axle, 

                    V.R = 
Dd = 

30030  = 10 

          Mechanical advantage,  M.A. = 
WP  = 

900100 = 9 

                ∴ Efficiency,   η  =    𝑀.𝐴.𝑉.𝑅.   ×100  =  
910× 100 = 90% 

Problem : A drum weighing 60 N and holding 420N of water is to be raised from a well 

by means of wheel and axle. The axle is 100 mm diameter and the wheel is 500 mm 

diameter. If a force of 120 N has to be applied to the wheel, find (i) mechanical 

advantage, (ii) velocity ratio and (iii) efficiency of the machine.  

Solution. 

                Given: Total load to be lifted (W) = 60 + 420 = 480 N;  

                            Diameter of the load axle (d) = 100 mm;  
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                             Diameter of effort wheel (D) = 500 mm and  

                                                               effort (P) = 120 N. 

                         We know that mechanical advantage, 

                                         M.A.  =  
WP  = 

480120=  4 

                      Velocity ratio,      V.R.   =  
Dd = 

500100 = 5 

          Efficiency of the machine,   η  =    𝑀.𝐴.𝑉.𝑅.   ×100 =  
45 × 100  = 80% 

 

SINGLE PURCHASE CRAB WINCH 

                                    

In single purchase crab winch, a rope is fixed to the drum and is wound a few turns 

round it. The free end of the rope carries the load W. A toothed wheel A is rigidly 

mounted on the load drum. Another toothed wheel B, called pinion, is geared with the 

toothed wheel A as shown in Fig.  

           The effort is applied at the end of the handle to rotate it.  

                 Let T1 = No. of teeth on the main gear (or spur wheel) A,  

                       T2 = No. of teeth on the pinion B,  

                         l = Length of the handle, 

                        r = Radius of the load drum.  
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                     W = Load lifted, and  

                      P = Effort applied to lift the load.  

       We know that distance moved by the effort in one revolution of the handle, 

                                      = 2πl                                                     ...(i)  

       ∴  No. of revolutions made by the pinion B = 1 and 

                no. of revolutions made by the wheel A = 
𝑇₂𝑇₁ 

          ∴No. of revolutions made by the load drum = 
𝑇₂𝑇₁ 

           and distance moved by the load  = 2πr × 𝑇₂𝑇₁                   ...(ii) ∴Velocity ratio    V.R   = 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑒𝑓𝑓𝑜𝑟𝑡𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑   

                                    = 
2𝜋𝑙2𝜋𝑟 × 𝑇₂𝑇₁  = 

𝑙𝑟 × 
𝑇₁𝑇₂                  .....(iii)  

                    Mechanical advantage, M.A. = 
𝑊𝑃  

                                         Efficiency,   η  =  
𝑀.𝐴𝑉.𝑅  × 100 

Example:In a single purchase crab winch, the number of teeth on pinion is 25 and that on 

the spur wheel 100. Radii of the drum and handle are 50 mm and 300 mm respectively. 

Find the efficiency of the machine, if an effort of 20 N can lift a load of 300 N. 

Solution. 

                 Given:  

                No. of teeth on pinion (T2) = 25;  

               No. of teeth on the spur wheel (T1) = 100;  

                  Radius of drum (r) = 50 mm;  

             Radius of the handle or length of the handle (l) = 300 mm;  

                      Effort (P) = 20 N and 
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              load lifted (W) = 300 N. 

             Velocity ratio,  V.R. = 
𝑙𝑟 × 

𝑇₁𝑇₂ = 
30050  × 

10025  = 24 

             Mechanical advantage,   M.A. = 
𝑊𝑃  = 

30020  = 15 

              Efficiency,   η  = 𝑀.𝐴𝑉.𝑅  × 100 = 
2415 × 100 = 62.5 % 

Example: 

A single purchase crab winch, has the following details: 

Length of lever = 700 mm 

Number of pinion teeth = 12 

Number of spur gear teeth = 96 

Diameter of load axle = 200 mm 

It is observed that an effort of 60 N can lift a load of 1800 N and an effort of 120 N can 

lift 

a load of 3960 N. What is the law of the machine ? Also find efficiency of the machine 

in both the cases. 

 

Solution. 

    Given: Length of lever (l) = 700 mm;  

            No. of pinion teeth (T 2 ) = 12;  

         No. of spur gear teeth (T 1 ) = 96 and  

          Dia. of load axle = 200 mm or radius (r) = 200/2 = 100 mm. 

(i) Law of the machine 

       When P 1 = 60 N, W 1 = 1800 N and when P 2 = 120 N, W 2 = 3960 N. 

Substituting the values of P and W in the law of the machine i.e., P = mW + C 

                        60 = (m × 1800) + C                      ...(i) 
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               and 120 = (m × 3960) + C                       ...(ii) 

Subtracting equation (i) from equation (ii) 

                         60 = m × 2160 

  or                      m = 
602160 = 

136 

Now substituting this value of m in equation (i), 

                                       60 = ( 136  × 1800) + C = 50 + C 

           or                        C = 60 – 50 = 10 

and now substituting the value of m = 1/36 and C = 10 in the law of machine, 

                                    P = 
136 × W + 10 

(ii) Efficiencies of the machine in both the cases 

                    V.R. = 
𝑙𝑟 × 

𝑇₁𝑇₂ = 
700100 × 

9612 = 56 

                  M.A. = 
𝑊₁𝑃₁  = 

180060   = 30 

              Efficiency,   η₁  = 𝑀.𝐴𝑉.𝑅  × 100 = 
3056 × 100 = 53.6 %  

Similarly, mechanical advantage in the second case, 

                 M.A. = 
𝑊₂𝑃₂  = 

3690120   = 33 

           Efficiency,   η₂  = 𝑀.𝐴𝑉.𝑅  × 100 = 
3356 × 100 = 58.9 % 

DOUBLE PURCHASE CRAB WINCH 

A double purchase crab winch is an improved form of a single purchase crab winch, in 

which the velocity ratio is intensified with the help of one more spur wheel and a pinion. 

In a double purchasecrab winch, there are two spur wheels of teeth T 1 and T 2 and T 3 

as well as two pinions of teeth T 2 and T 4 . 
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The arrangement of spur wheels and pinions are such that the spur wheel with T 1 gears 

with the pinion of teeth T 2 . Similarly, the spur wheel with teeth T 3 gears with the 

pinion of the teeth T 4 , Theeffort is applied to a handle as shown in Fig.  

                  Let T 1 and T 3 = No. of teeth of spur wheels, 

                        T 2 and T 4 = No. of teeth of the pinions 

                                   l = Length of the handle, 

                                   r = Radius of the load drum, 

                             W = Load lifted, and 

                              P = Effort applied to lift the load, at the end of the handle. 

We know that distance moved by the effort in one revolution of the handle, 

                         = 2πl                                                 ...(i) 

                    ∴ No. of revolutions made by the pinion 4 = 1and 

                      no. of revolutions made by the wheel 3 = 
𝑇₄𝑇₃ 

                    ∴No. of revolutions made by the pinion 2 = 
𝑇₄𝑇₃ 

            and no. of revolutions made by the wheel 1 = 
𝑇₂𝑇₁ × 

𝑇₄𝑇₃ 
                                ∴ Distance moved by the load 
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                           = 2πr × 𝑇₂𝑇₁ × 
𝑇₄𝑇₃                                 ...(ii) 

              Velocity ratio,   V.R. = 
Distance moved by the effortDistance moved by the load  

                            = 
2𝜋𝑙2πr × 𝑇₂𝑇₁ × 𝑇₄𝑇₃ = 

𝑙𝑟 ×(𝑇₂𝑇₁  ×  𝑇₄𝑇₃) 

                   Mechanical advantage, M.A. = 
𝑊𝑃  

                                       Efficiency,   η  = 𝑀.𝐴𝑉.𝑅  × 100 

Example:In a double purchase crab winch, teeth of pinions are 20 and 25 and that of 

spur wheels are 50 and 60. Length of the handle is 0.5 metre and radius of the load drum 

is 0.25 metre. If efficiency of the machine is 60%, find the effort required to lift a load of 

720 N. 

Solution. 

            Given: 

               No. of teeth of pinion (T 2 ) = 20 and (T 4 ) = 25;  

               No. of teeth of spur wheel (T 1 ) = 50 and (T 3 ) = 60;  

                    Length of the handle (l) = 0.5 m;  

                    Radius of the load drum (r) = 0.25m;  

                                    Efficiency (η) = 60% = 0.6 and  

                                   load to be lifted (W) = 720 N. 

                           Let P = Effort required in newton to lift the load. 

                  We know that velocity ratio, V.R.  

                            = 
𝑙𝑟 × (𝑇₂𝑇₁  ×  𝑇₄𝑇₃) = 

0.50.25 × (5020  ×  6025) = 12 

                  Mechanical advantage,      M.A. = 
𝑊𝑃  = 

720𝑃  

                                         Efficiency,  η  = 𝑀.𝐴𝑉.𝑅  
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                                          0.6    = 

720𝑃12  

           or                         P = 
600.6 = 100 N 

Example:A double purchase crab used in a laboratory has the following dimensions : 

                    Diameter of load drum = 160 mm 

                     Length of handle = 360 mm 

                    No. of teeth on pinions = 20 and 30 

                    No. of teeth on spur wheels = 75 and 90 

When tested, it was found that an effort of 90 N was required to lift a load of 1800 N and 

an effort of 135 N was required to lift a load of 3150 N.  

              Determine : 

                    (a) Law of the machine, 

                    (b) Probable effort to lift a load of 4500 N, 

                    (c) Efficiency of the machine in the above case, 

 

 

 

Solution. 

          Given: 

          Dia. of load drum = 160 mm or radius (r) = 100/2 = 80 mm;  

          Length of handle (l) = 360 mm;  

          No. of teeth on pinions (T 2 ) = 20  and (T 4 ) = 30  

          and no. of teeth on spur wheels (T 1 ) = 75 and (T 3 ) = 90. 

          When P = 90 N,  
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                   W = 1800 N  

           when P = 135 N,  

                   W = 3150 N 

(a) Law of the machine, 

             Substituting the values of P and W in the law of the machine, i.e., P = m W + C 

                        90 = (m × 1800) + C                     ...(i) 

                and 135 = (m × 3150) + C                     ...(ii) 

             Subtracting equation (i) from equation (ii), 

                   45 = m × 1350 

               or                  m = 
451350 = 

130 

Now substituting this value of m in equation (i), 

                           90 = 
130 × 1800 + C =60 + C 

                        ∴     C = 90 – 60 = 30 

Now substituting the value fo m and C in the law of the machine, 

                             P = 
130 × W + C 

(b) Effort to lift a load of 4500 N 

        Substituting the value of W equal to 4500 N in the law of the machine, 

                P = ( 130 ×  4500) + 30 = 180 N 

(c) Efficiency of the machine in the above case 

            We know that velocity ratio.  

           V.R.=  
𝑙𝑟 × (𝑇₂𝑇₁  ×  𝑇₄𝑇₃) = 

36080  × (7520  ×  9030)= 50.6 

                  Mechanical advantage,    M.A. = 
𝑊𝑃 = 

4500180 =25 
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                   Efficiency,   η  = 
𝑀.𝐴𝑉.𝑅  × 100 = 

2550.6 × 100 = 49.4 % 

WORM AND WORM WHEEL 

It consists of a square threaded screw, S (known as worm) and a toothed wheel (known 

asworm wheel) geared with each other, as shown in Fig. A wheel A is attached to the 

worm, overwhich passes a rope as shown in the figure. Sometimes, a handle is also fixed 

to the worm (instead ofthe wheel). A load drum is securely mounted on the worm wheel. 

                                     

              Let, D = Diameter of the effort wheel, 

                     r = Radius of the load drum 

                   W = Load lifted, 

                    P = Effort applied to lift the load, and 

                    T = No. of teeth on the worm wheel. 

       

We know that distance moved by the effort in one revolution of the wheel (or handle) 

                        = πD                               ...(i) 

If the worm is single-threaded (i.e., for one revolution of the wheel A, the screw S 

pushes theworm wheel through one teeth), then the load drum will move through 

                                    = 
1𝑇  revolution 

                   and distance, through which the load will move 
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                                        = 
2𝜋𝑟𝑇                         …..(ii) 

                   Velocity ratio,    V.R. = 
Distance moved by the effortDistance moved by the load  

                                            = 
πD2πrT  = 

DT2r  

                  Mechanical advantage,        M.A. = 
𝑊𝑃  

                            Efficiency,   η  = 
𝑀.𝐴𝑉.𝑅  × 100 

Notes : 1. If the worm is double-threaded i.e., for one revolution of wheel A, the screw S 

pushes theworm wheel through two teeths, then 

                    V.R. = 
DT2 ×2r = 

DT4r  

2. In general, if the worm is n threaded, then 

                      V.R. = 
DT2nr 

Example .A worm and worm wheel with 40 teeth on the worm wheel has effort wheel 

of 300 mm diameter and load drum of 100 mm diameter. Find the efficiency of the 

machine, if it can lift a load of 1800 N with an effort of 24 N. 

Solution. 

             Given:  

                         No. of teeth on the worm wheel (T) = 40 ; 

                            Diameter of effort wheel = 300 mm  

                             Diameter of load drum = 100 mm or radius (r) = 50 mm;  

                              Load lifted (W) = 1800 N  

                                     and effort(P) = 24 N. 

               We know that velocity ratio of worm and worm wheel, 
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                     Velocity ratio,       V.R. = 
DT2r  = 

300 ×402 ×50  = 120 

                     Mechanical advantage,        M.A. = 
𝑊𝑃 = 

180024  = 75 

                            Efficiency,   η  = 𝑀.𝐴𝑉.𝑅  × 100 = 
75120 × 100 =62.5 % 

Example .In a double threaded worm and worm wheel, the number of teeth on the worm 

wheel is 60. The diameter of the effort wheel is 250 mm and that of the load drum is 100 

mm. 

               Calculate the velocity ratio. If the efficiency of the machine is 50%, determine 

the effort required to lift a load of 300 N. 

Solution. 

Given :  

             No. of threads (n) = 2;  

              No. of teeth on the worm wheel (T) = 60;  

               Diameter of effort wheel = 250 mm;  

               Diameter of load drum = 100 mm or radius (r) = 50 mm;  

                Efficiency ( η ) = 50% = 0.5  

                 and load to be lifted (W) = 300 N. 

       Velocity ratio of the machine 

             We know that velocity ratio of a worm and worm wheel, 

                                                 V.R. = 
DT2nr = 

250 × 602 ×2 ×50 = 75 

           Effort required to lift the load 

               Let P = Effort required to lift the load. 

                       We also know that mechanical advantage,M.A. = 
𝑊𝑃  = 

300𝑃  

                                 Efficiency,   η = 0.5 = 𝑀.𝐴𝑉.𝑅   = 

300𝑃75  = 
4𝑃 
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                              or             P = 
40.5= 8 N 

 

 

SIMPLE SCREW JACK 

It consists of a screw, fitted in a nut, which forms the body of the jack. The principle, on 

whicha screw jack works, is similar to that of an inclined plane. 

                                                         

Fig.  shows a simple screw jack, which is rotated by the application of an effort at the 

end of the lever, for lifting the load. Now consider a single threaded simple screw jack. 

                Let l = Length of the effort arm, 

                     p = Pitch of the screw, 

                   W = Load lifted, and 

                     P = Effort applied to lift the load at the end of the lever. 

             We know that distance moved by the effort in one revolution of screw, 

                                            = 2πl                                                 ...(i) 

                     and distance moved by the load = p                        ...(ii) 

               Velocity ratio, V.R. = 
Distance moved by the effortDistance moved by the load   = 

2πlP  

                Mechanical advantage,   M.A. = 
𝑊𝑃  
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                               Efficiency,  η  = 𝑀.𝐴𝑉.𝑅  × 100 

Note: The value of P i.e., the effort applied may also found out by the relation : 

                           P = W tan (α + φ) 

                  where W = Load lifted 

                             tan α = 𝑃𝜋𝑑 

and tan φ = μ = Coefficient of friction 

Example: A screw jack has a thread of 10 mm pitch. What effort applied at the end ofa 

handle 400 mm long will be required to lift a load of 2 KN, if the efficiency at this load 

is 45%. 

Solution. 

Given:  

               Pitch of thread (p) = 10 mm; 

               Length of the handle (l) = 400 mm;  

               Load lifted (W) = 2 kN = 2000N 

               and efficiency (n) = 45% = 0.45. 

               Let P = Effort required to lift the load. 

              We know that velocity ratio 

                               V.R. = 
2πlP  = 

2π ×40010  = 251.3 

                     And          M.A. = 
𝑊𝑃  = 

2000𝑃  

            We also know that efficiency, 

                η = 0.45 = 𝑀.𝐴𝑉.𝑅  = 

2000𝑃251.3  = 
7.96𝑃  

                 or          P =
7.960.45 = 17.7 N 
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CHAPTER 6                     DYNAMICS 

 

Kinetics:  It is the branch of dynamics which deals with the study of effects on the body 

when force applied on it with knowing the cause of force. 

Kinematics: It is the branch of dynamics which deals with the study of effects on the 

body when force applied on it without knowing the causes of force. 

PRINCIPLES OF DYNAMICS: 

NEWTON’S LAWS OF MOTION 

(a) First Law of motion: It states, “Everybody continues in its state of rest 
or of uniform motion in a straight line, unless compelled by some external 

force to change that state”. 
    This law  can  also termed as law of inertia. 

(b) Second law of motion: It states that,“The rate of change of momentum 

is directly proportional to the impressed force and takes place in the same 

direction in which the impressed force acts”. 
                 It relates to the rate of change of momentum and the external force. 

                 Let, m  = mass of the body 

                              u = initial velocity of the body. 

                               v = final velocity of the body 

                               a = constant acceleration 

                               t =  time in seconds in which the velocity changes from u to v. 

                              F =  force that changes the velocity from u to v  in t seconds. 

              For the body moving in straight line, 

                                       Initial momentum = mu 

                                        Final momentum = mv 

    Rate of change of momentum = 
mv−mut  = 

m(v−u)t  = ma             ∵  
v−ut  = a 
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    According to Newtons Second law of Motion,  

            Rate of change of momentum ∝    impressed force 

                    ⇒ F    ∝  ma 

                     ⇒ F = k x ma 

           Where k = a constant of proportionality 
     If a unit force is chosen to action a unit mass of 1kg to produce unit                          

acceleration of 1m/s2 then ,   F = ma = Mass x Acceleration 

         The SI unit of force is Newton, briefly written as N 

A Newton may be defined as the force while acting upon a mass of 1kg, produces an 

acceleration of 1m/s2 in the direction of which it acts. 

 

(c) Third law of motion: It states,” To every action, there is always an equal 
and opposite reaction”. 

If a body exerts a force P on another body, the second body will exert the 

same force P on the first body in the opposite direction. The force exerted 

by first body is called action whereas the force exerted by the second body 

is called reaction. 
MOTION OF PARTICLE ACTED UPON BY A CONSTANT FORCE 

 

 
F=ma 

 

 
Fig6.1 

The motion of a particle acted upon by a constant force is governed by               

Newton΄s second law of motion. 

         If a constant force, F = m a is applied on a particle of mass m, then the 

particle will move with a uniform acceleration of a. 
EQUATIONS OF MOTION 

                               Let,  

                              u = initial velocity of the body  

                               v = final velocity of the body 

                               s = distance travelled by the body  

                               a = acceleration of the body 
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                      t = time taken by the body 

         ∴The equations of motion are:  

                         v = u + at                                 ……….(1) 

                             S = ut + 
12 at2                                    ……….(2) 

                              V2 – u2 = 2as                                ………. (3) 
        
  

                                         
 

 
D’ALEMBERT’S PRINCIPLE 

It states, “If a rigid body is acted upon by a system of forces, this system 
may be reduced to a single resultant force whose magnitude, direction and 

the line of action may be found out by the methods of graphic statics.” 
 
                Let, P = resultant of number of forces acting on a body of mass m 

This resultant (P) will move the body with an acceleration(a) in     

its own direction.                         

                                              We have, P = ma                              (1) 
 
 

The body will be at rest if a force equal to ma is applied in reverse direction. 

Hence, for dynamic equilibrium of the body, the sum of the resultant force 

and the reversed force will be equal to zero. 

               P – ma = 0 (2) 
 

The force (-ma) is known as inertia force or reversed effective force. Equation 

1 is an equation of dynamics where as equation2 is an equation of statics.  

             Equation 2 is known as the equation of dynamic equilibrium under 

the action of P. This principle is known as    D‟ Alembert"s principle.  
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RECOIL OF GUN 

According to Newtons third law of motion, when a bullet is fired from a 

gun, the opposite reaction of the bullet is known as the recoil of gun. 

        Let,  M=mass of the gun 

                              V = Velocity of the gun with which it recoils     

                 m = mass of the bullet 

                  v = velocity of the bullet after firing 

             Now,  momentum of the bullet after firing= mv ....................................... (1) 

             Momentum of the gun =MV ..................................................................... (2) 

                        Equating equations (1) & (2) we get, 

                           mv =MV 
            This relation is known as law of Conservation of Momentum. 
 

WORK 

When force acts on a body and the body undergoes some displacement, then 

work is said to be done.  

The amount of work done is equal to the product of force and displacement in the 

direction of force. 

              Let,   P =force acting on the body and 

              S = distance through which the body moves   

                Then work done, W = P × S 
 
Sometimes the force and displacement are not collinear. 

          In such a case, work done is expressed as the product of the component of the 

force in the direction of motion and the displacement. 

              Hence, work done W = P cos 𝜃 × s 

              If 𝜃 =90, cos 𝜃 = 0 and there will be no work done i.e. if force and 
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displacement are at right angles to each other, work done will be zero. 

            Similarly, work done against the force is taken as negative. 

When the point of application of the force moves in the direction of motion of the 

body, work is said to be done by the force. 

                 Work be done by the force is taken as +ve. 

As work is the product of force and displacement, the units of work depend upon 

the units of force and displacement. Work is expressed in N-m or KN-m. 

One Newton-meter is the work done by a force of 1N in moving the body through 

1m. It is called Joule. 1 J = 1 N-m .  

Similarly, 1 Kilo Newton-meter is the work done by a force of 1 KN in moving a 

body through 1m. It is also called kilojoules.  

                             1KJ =1 KN-m 

 

POWER 

Power is defined as the rate of doing work. 

In SI units, the unit of power is watt (briefly written as W) which is equal to 1 

N-m/s or 1 J/s. 

It is also expressed in Kilowatt (KW), which is equal to 103 W and Megawatt 

(MW) which is equal to106W. In case of engines, the following two terms are 

commonly used for power. 
INDICATED POWER: 

      It is the actual power generated in the engine cylinder.  
BRAKE POWER:  

               It is the amount of power available at the engine shaft. 
EFFICIENCY OF AN MACHINE: 

Efficiency of engine is expressed as the ratio of brake power to the 

indicated power. It is also called Mechanical efficiency of an 

engine. 

 

      Mechanical efficiency :    
𝐵.𝑃𝐼.𝑃    ×  100 

   ENERGY 

     Energy may be defined as the capacity for doing work. 
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        Since energy of a machine is measured by the work it can do, 

therefore unit of energy is same as that of work. 

In S.I system, energy is expressed in Joules 

or Kilo joules and N-m/ KN-m.  

There are two types of mechanical energy. 

There are two types of Energy 
1. Potential Energy and 2. Kinetic Energy. 
 
2. POTENTIALENERGY:  

 
 

        It is the energy possessed by a body by virtue of its position. 

 

              A body at some height above the ground level possesses potential 
energy.  

              If a body of mass (m) is raised to a height(h) above the ground level, 
the work done in raising the body is 

               = Weight of the body × distance through which it raised 

               = (mg) × h= mgh 

This work (equal to mgh) is stored in the body as potential energy. 

The body, while coming down to its original level, can do work 

equal to mgh.  Potential energy is zero when the body is on the 

earth. 

3. KINETICENERGY: 

It is the energy possessed by a body by virtue of its motion.  

     We can measure kinetic energy of a body by finding the work done by the 

body against external force to stop it. 

           Let,                m = Mass of the body 

                                  u = initial velocity of the body.  
                                   P = External force applied on the body to bring it to rest. 
                                                       a = Constant retardation of the body 

                                           S = distance travelled by the body before coming to rest  

       As the body comes to rest, its final velocity,   

                                            v = 0 
          Work done, W= Force × Distance = P × s                                      …………….(i) 
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          Now substituting value of (P = m.a) in equation(i), 

                                            W= ma × s = mas                                             …………….(ii) 

                    We know that     v2-u2 = -2as             ( minus sign due to retardation)   

                     0–u2 = -2as 

                         u2 = 2as 

                         as = 
u²2  

Now substituting value of (as) in equation (ii) and replacing work done with 
kinetic energy, 
 

                                     K . E = 
mu²2  

In most of cases, the initial velocity is taken as v (instead of u), therefore kinetic 
energy,  

                                   K . E = 
mv²2  

MOMENTUM AND IMPULSE 

 

     MOMENTUM: 

            It is the product of mass and velocity of a body. It represents  the energy of  

motion stored in a moving body. 

      If,  m = mass of a moving body in kg  

             v=velocity of the body in m/sec, 

      Momentum of the body=mv kg-m/sec 
      IMPULSE:  

          It is defined as the product of force and time during which the force acts on the 

body. Mathematically, 

                                     Impulse = Force × Time interval 

       Let force P act on a body for a time t. 

       According to the second law of motion, 

                          Force = Mass × Acceleration. 

                                                P = ma 

                                                   = m (v−ut ) 

                                    P × t = m (v-u) 

                 Hence, Impulse, I = P × t = mv–mu 

         where, v = Final velocity and u=Initial velocity 

We have mu = momentum of the body at the beginning of motion and 
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u1 

m 

u2 

m m m 

v1 

m 

v2 
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                 mv = momentum of the body after time t. 

From equation (1), we see that change in linear momentum per unit time is directly 

proportional to the external force or applied force and takes place in the direction of 

force. 

               Hence, Impulse, I = F × t = mv–mu 

            i.e. impulse is equal  to change in momentum 

          Equation (2) is known as impulse–momentum relation. 

 
 

LAW OF CONSERVATION OF LINEAR MOMENTUM 

 

       It states that “the total momentum of two bodies remains constant after their 

collision or any other mutual action. And no external forces action the bodies, the 

algebraic sum of their momentum along any direction is constant. 

Momentum along a straight line is called linear momentum 

 

 

If a body of mass m1 moving with velocity u1 collides with another body of mass 

m2 moving with velocity u2. 

Let v1 and v2 be the velocities of the bodies after collision.   

                   We have: 

                   Total momentum before collision =   m1u1 +  m2u2  

                         Total momentum after collision = m1v1+ m2v2 

 

Now, according to the law of conservation of linear momentum, 

Momentum before collision = momentum after collision 

                 m1u1 + m2u2 = m1v1 + m2v2 
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LAW OF CONSERVATION OF ENERGY 

          It states that “ The energy can neither be created nor destroyed, 

though it can be transformed from one form into any of the forms, in which 

the energy can exist.” 
Suppose a body of mass„ m‟ is at a height ‘h‟ dropped on the ground from A. 
Consider the ground level as the datum or reference level and other positions  of 
B and C of the same body at various times of  the fall. 
 
 

          Total energy of the body at these points (A, B, C) 
Energy  at A 

               At A, the body has no velocity, therefore kinetic energy at A=0 and 
            potential energy at A= mgh. 

 
                          Total energy at A = mgh                             …… ............... (i) 

 
     Energy at B 
                 At B, the body has fallen through a distance(y). 

         Therefore velocity of the body at B 

                                                                                                 =  √2gy 

            Kinetic energy at B                   = 
mv²2  = 

m(√2gy)²2  = mgy 

             Potential energy at B                = mg(h-y) 
             Total energy at B                      = mgy + mg(h-y) =mgh   ……(ii) 
        Energy at C 
                            We know that at C , the body has fallen through a distance (h).      
Therefore ,    

              Velocity of the body at C           = √2gh   
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                 Kinetic energy at C                 =  
mv²2    =  

m(√2gh)²2   = mgh                                             
 

                And potential energy at C=0 

                          ∴Total energy at C = mgh          ………….(iii) 

It shows that in all positions, the sum of kinetic and potential energies of a body 

remains constant under the action of gravity. 
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COLLISION OF ELASTIC BODIES 

Collision means the interaction or the contact between two bodies 

for a short period of time. The bodies produce impulsive forces one 

another during collision. 

        The act of collision between two bodies that takes place in a 

short period of time and during which the bodies exert very large 

forces on each other, is known  as impact. 

         The bodies come to rest for a moment immediately after 

collision. During the phenomenon of collision, the bodies tend to 

compress each other. 

         The bodies tend to regain their actual shape and size after 

impact, due to elasticity. The process of getting back the original 

shape is called restitution. 

           The time of compression is the time taken by the two bodies 

in compression, immediately after collision and the time of 

restitution is the time of regaining the original shape after collision. 

The period of collision is the sum of the time of compression and 

restitution. 
 

NEWTON’S LAW OF COLLISION OF ELASTIC BODIES AND 
COEFFICIENT OF RESTITUTION 

     Newton's law of collision of elastic bodies states  that “ when  two 

moving bodies collide with each other, their velocity of separation 

bears a constant ratio to their velocity of approach”. 
     Let us consider two bodies A and B of masses m1 and m2 

respectively move along the same line and produce direct impact. 

         Let u1 = initial velocity of body A  

                  u2 = initial velocity of body B 

v1 = final velocity of body A after collision 

v2 =final velocity of  body B after collision 

The impact will take place when u1 > u2 

Hence  the velocity of approach = u1–u2 

After impact, the separation of the two bodies will take place if v2 > v1. 

Hence the velocity of separation = v2-v1 
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  According to Newton's law Collision of  Elastic bodies,  
                     (v2-v1) = e (u1–u2) 

where, e = a constant of proportionality known as coefficient of 
restitution. 

     The value of  e‟ lies  between 0 and1. 

      If e = 0, it indicates that the two bodies are inelastic.  

      If e =1, it indicates that the two bodies are perfectly elastic. 

 
DIRECT COLLISION OF TWO BODIES: 

      
             If two bodies, before impact, are moving along the line of 
impact, the collision is called direct impact. 
     The line of impact, of the two colliding bodies, is the line joining the 
centres of these bodies and passes through the point of collision. 
 

 

 
According to law of conservation of linear momentum, we have, 
                       m1u1+m2u2=m1v1+m2v2 

 

DIRECT IMPACT OF A BODY WITH A FIXED PLANE 

If one body is at rest initially, then such a collision is called direct 
impact.  
     Consider direct impact of a body with a fixed plane. 

         Let, u=initial velocity of the body 

               v =final velocity of the body  

               e=coefficient of restitution 

Here, as the fixed plane will not move even after impact. Thus the 

velocity of approach is u and velocity of separation is  v .According to 

Newton's law of elastic bodies, we have, 

                                v = eu 

1. In such cases we do not apply the principle of momentum ( i.e. 

equating the initial momentum and the final momentum), since the 

fixed plane has infinite mass.  
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2. If a body is allowed to fall from some height on a floor, then the 

velocity, with which the body impinges on the floor, should be 

calculated by the relations of the plane motion as discussed below:  

Let                 H = Height from which the body is allowed to fall. 

Velocity with which the body impinges on the floor, 

                                              u = √2𝑔𝐻  

 

 


