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Chapter 1: Introduction 

❖ Objectives of Engineering Mechanics: 

To deal with the action of different types of forces acting on a body  

To study the effect of force on a body 

To study the effect of friction on machine component 

To study the stability of structures 

To estimate the quantity of workdone and efficiency of different machines 

❖ Division of engineering mechanics: 

1. Static 

2. Dynamic 

Statics: This is the branch of EM, which deals with the forces and their effects, while acting upon 

the bodies at rest 

Dynamics: This is the branch of EM, which deals with the forces and their effects, while acting 

upon the bodies at motion 

Subdivision of Dynamics: Kinetics and Kinematics 

Kinetics: This is the branch of Dynamics, which deals with the bodies in motion due to the 

application of forces 

Kinematics: This is the branch of Dynamics, which deals with the bodies in motion, without 

considering the forces responsible for the motion 

 

❖ Units: 

There are 2 types of unit 

1. Fundamental Units 

Homework: Defination (Homwork) 

EM

Statics Dynamics

Kinetics

Kinematics
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            There are Three fundamental quantity: Length, Mass, Time 

                  Fundamental units: m, Kg, Sec 

2. Derived Units 

The units which are expressed Fundamental units (In SI unit): in other units (which are derived 

from fundamental units) are known as Derived units, e. g. units of area, velocity, acceleration, 

pressure etc. 

❖ Systems of units: 

1. C.G.S (Centimetre-Gram-Second) units 

In this system, length is expressed in centimetre, mass in gram and time in second. The unit of 

force in this system is dyne. 

      2.   F.P.S. (Foot – pound – Second) units  

      3.   M.K.S. (Metre-Kilogram-Second) units 

In this system, length is expressed in metre, mass in kilogram and time in second. The unit of force 

in this system is expressed as kilogram force and is represented as kgf. 

      4.   S.I units (International System of Units): 

In S.I. system of Units, fundamental units are: Metre (m), Kilogram (Kg) and Second (s). 

Derived units are as shown below. 

 

❖ Scaler and Vector Quantities: 

Scaler quantities: The quantities which have magnitude only and not direction are known as 

Scaler quantities. As for example: Length, mass, time, volume, density, temperature, speed etc. 

Vector quantities: The quantities which have both magnitude and direction are known as Vector 

quantities. As for example: Force, displacement, velocity, acceleration, moment etc. 
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❖ Representation of a vector:  

A vector is represented as shown below  

 

Length of OA represents the magnitude of the vector and the direction of the vector is from O 

(starting point) to A (end point). It is also known as vector P. 

❖ Unit vector:  

The vector, whose magnitude is unity, is known as Unit vector. 

 

In this figure  𝑂𝐴⃗⃗⃗⃗  ⃗ is a unit vector if |𝑂𝐴⃗⃗ ⃗⃗  ⃗| = 1 

❖ Equal vector: 

 

The vectors, which are parallel to each other and have same direction and equal magnitude are 

known as Equal vectors. 

 

❖ Unequal Vector: Homework (Write the definition with a proper diagram) 

❖ Like vectors: 

The vectors, which are parallel to each other and have same direction but unequal magnitude are 

known as Like vectors. 

❖ Unlike vectors: 

The vectors, which are parallel to each other but have different directions and of unequal 

magnitude are known as Unlike vectors. 

In this figure, vector A and B are Equal vectors 
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❖ Addition of vectors or Vector addition:  

1. Triangle Law of Addition of Vectors: 

Let us consider 2 vectors PQ and RS as shown in the Figure. 

 

Taking a point, A, AB was drawn parallel and equal in magnitude to the vector PQ to some 

convenient scale. Through point B, BC was drawn parallel and equal to vector RS to the same 

scale. Point A and C should be joined and AC will give the required sum of vectors PQ and RS as 

shown in the Figure below. 

 

2. Polygon Law of Addition of Vectors: 

This law is applicable in case of more than 2 vectors. The first 2 vectors should be added by 

following the Triangle Law of Addition of vectors and then the third vector should be added to the 

resultant of the first 2 vectors and so on. 

❖ Subtraction of vectors or Vector subtraction: 

Let us consider 2 vectors PQ and RS as shown in the Figure, where vector RS is required to be 

subtracted.  
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Taking a point, A, AB was drawn parallel and equal in magnitude to the vector PQ to some 

convenient scale. Through point B, BC was drawn parallel and equal to vector RS to the same 

scale, but in opposite direction. Point A and C should be joined and AC will give the required 

subtraction of vectors RS from PQ as shown in the Figure below. 
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Chapter 3: Moments and Their Applications 

❖ What is Moment of a force or First Moment of force? 

The moment of a force is equal to the product of the force and the perpendicular distance of the 

point, about which the moment is required and the line of action of the force. 

Mathematically, moment, M = P × l 

where P = Force acting on the body, and 

           l = Perpendicular distance between the point, about which the moment is required and the 

line of action of the force. 

❖ Unit of moment: N-m, kN-m, N-mm, etc..  

Unit in S.I unit = N-m 

❖ Types of moments 

1. Clockwise moments. 2. Anticlockwise moments. 

1.Clockwise moment 

It is the moment of a force, which turns or rotates the body in clockwise direction about a point.  

Clockwise moment as positive 

2.Anticlockwise moment 

It is the moment of a force, which turns or rotates the body in anticlockwise direction about a 

point. 

Anticlockwise moment as negative. 
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❖ Varignon’s principle of moments (or law of moments): 

It states, “If a number of coplanar forces are acting simultaneously on a particle, the algebraic 

sum of the moments of all the forces about any point is equal to the moment of their resultant 

force about the same point.” 

This principle is applicable for any coplanar force system, i.e.  concurrent or non-concurrent or 

parallel coplanar system of force. 

Proof: 

                           

                   Figure 1                                                                    Figure 2 

In the Figure 2, let us consider 

F1 and F2 = Two forces acting at point O represented in magnitude and direction by OA and OB, 

respectively. 

R = Resultant represented in magnitude and direction by OC which is the diagonal of parallelogram 

OACB 

O′ = The point in the plane about which moments of F1, F2 and R are to be determined 

r1 = Perpendicular distance between F1 and O′ 

r = Perpendicular distance between R and O′ 

r2 = Perpendicular distance between F2 and O′ 

We have to proof,  

R × r = F1 × r1 + F2 × r2 (Moment of R about O′ must be equal to algebraic sum of moments of F1 

and F2 about O′) …(1) 

In the Figure 2, OO′ are joined and extended to point D. 

AE, CD, BF = Perpendiculars drawn on OD from A, C and B, respectively. 
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AG, BH = Perpendiculars drawn on CD from A and B, respectively. 

θ1, θ, θ2 = Angle made by F1 ,R and F2 with OD, respectively. 

Since, OA = BC and OA || BC 

Hence the projection of OA and BC on the same vertical line CD will be equal i.e., GD = CH 

Then from Figure 2, we have 

F1 sin θ1 = AE = GD = CH 

F1 cos θ1 = OE 

F2 sin θ1 = BF = HD 

F2 cos θ2 = OF = ED 

R sin θ = CD 

R cos θ = OD 

Let the length OO′ = x. 

Then x sin θ1 = r1, x sin θ = r and x sin θ2 = r2 

Now, L.H.S of Equation (1) = R × r 

  R × x sin θ     ( Since r = x sin θ) 

  (R sin θ) × x 

 CD × x            (Since R sin θ = CD) 

  (CH + HD) × x 

  (F1 sin θ1 + F2 sin θ2) × x     (Since, CH = F1 sin θ1 and HD = F2 sin θ2) 

 F1 × x sin θ1 + F2 × x sin θ2 

 F1 × r1 + F2 × r2 (Since, x sin θ1 = r1 and x sin θ2 = r2) 

Hence, L.H.S. = R.H.S. of Equation (1) 

❖ What is Couples? 

A pair of two equal and unlike parallel forces (i.e. forces equal in magnitude, with lines of action 

parallel to each other and acting in opposite directions) is known as a couple. 

A couple is unable to produce any translatory motion (i.e., motion in a straight line), but, it 

produces a motion of rotation in the body, on which it acts. 

Example: Forces applied to the key of a lock, while locking or unlocking it. 
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❖ Arm of a couple 

The perpendicular distance (a), between the lines of action of the two equal and opposite parallel 

forces, is known as arm of the couple as shown in the Figure. 

 

❖ Moment of a couple 

The moment of a couple is the product of the force (i.e., one of the forces of the two equal and 

opposite parallel forces) and the arm of the couple. 

Mathematically: 

Moment of a couple = P × a 

where P = Magnitude of the force, and 

           a = Arm of the couple. 

❖ Classification of couples 

1. Clockwise couple, and 2. Anticlockwise couple. 

1. Clockwise couple 

A couple, whose tendency is to rotate the body in a clockwise direction, is known as a clockwise 

couple as shown in Figure. Such a couple is also called positive couple. 

 

2. Anticlockwise couple 

A couple, whose tendency is to rotate the body in an anticlockwise direction, is known as an 

anticlockwise couple as shown in Figure.  Such a couple is also called a negative couple. 
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❖ What is support reaction? 

When a number of forces are acting on a body supported on another body, then the second body 

exerts a force on the first body at the points of contact so that the first body is in equilibrium. The 

reaction by the second body on the first body is considered as Support reaction. 

❖ Types of Support: 

Simple supports or knife edge supports 

 

 

 

Roller support 

 

 

 

Pin-joint (or hinged) support 

 

Smooth surface support 
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Fixed or built-in support. 

 

❖ Types of loading 

1. Concentrated or point load 

A load, acting at a point on a beam is known as a concentrated or a point load as shown in Figure 

 

 

2. Uniformly distributed load (UDL) 

A load, which is spread over a beam, in such a manner that each unit length is loaded to the same 

extent, is known as uniformly distributed load (briefly written as U.D.L.) as shown in Figure. 

 

The total uniformly distributed load is assumed to act at the centre of gravity of the load. 

3. Uniformly varying load (UVL) 

A load, which is spread over a beam, in such a manner that its extent varies uniformly on each 

unit length is known as uniformly varying load as shown in Figure. 

 



By Arpita Das 

Lecturer, Civil Engineering 

   Chirang Polytechnic, Bijni, Assam 

❖ Methods for the reactions of a beam 

1. Analytical method 2. Graphical method. 

1. Analytical method for the reactions of a beam: 

 

Let us consider a simply supported beam AB of span l, subjected to point loads W1, W2 and W3 

at distances of a, b and c, respectively from the support A, as shown in Figure above. 

Let RA = Reaction at A 

      RB = Reaction at B 

Sum of the clockwise moments due to loads about A, Sum clock = W1a + W2b + W3c 

Sum of the anticlockwise moment due to reaction RB about A, Sum anticlock = RB l 

Since, ∑M = 0, 

Now, Sum clock = Sum anticlock 

 W1a + W2b + W3c = RB l 

 RB = (W1a + W2b + W3c)/l 

Since the beam is in equilibrium, therefore 

ΣV = 0 

 RA + RB = W1 + W2 + W3  

 RA = (W1 + W2 + W3) – RB 
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❖ Overhanging beam: 

A beam having its end portion (or portions) extended in the form of a cantilever, beyond its support 

is known as an overhanging beam as shown in the Figure. 
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Numerical Problems: 

3.1. A force of 15 N is applied perpendicular to the edge of a door 0.8 m wide as shown in 

Figure below.  Find the moment of the force about the hinge. 

 
 

Solution: 

 

Given,  

Force= 15 N 

Distance, L = 0.8 m 

Hence,  

   Moment, M = F x L  

                                = 15 N x 0.8 m = 12 N.m 

                      

 

3.2. A force is applied at an angle of 60 degree to the edge of the door, as shown in the 

figure, find the moment of the force. 

 
Solution: 

 

 
 

Now,  

Force, F = 15 sin 600 

Distance, L = 0.8 m 

Hence,  

    Moment, M = F x L 

                           = 15 sin 600 N x 0.8 m 
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                           = 10.39 N 

 

3.3. A couple of two forces of 5 kN is acting at the ends of a rod AB as shown in the Figure. 

Find the moment of the couple. 

 
 

Solution: 

Given, 

Force, F = 5 kN 

Distance, L = 3 m 

Hence, 

      Moment, M = F x L 

                          = 5 kN x 3 m 

                          = 15 kN.m 

 

3.4. A rod AB 2·5 m long is supported at A and B. The rod is carrying a point load of 5 

kN at a distance of 1 m from A. What are the reactions at A and B? 

Solution:  

 

 
 

Reactions, RA, RB = ?  
 
Now, 

For RA, taking moment about B 

∑MB = 0 

 - RA x AB + {5 x (AB - AC)} = 0 

 - RA x 2.5 + {5 x (2.5 -1)} = 0 

  RA = 3 kN 

Now 
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           For RB, taking moment about A 

∑MA = 0 

  RB x AB - (5 x AC) = 0 

  RB x 2.5 - (5 x 1) = 0 

  RA = 2 kN 

 

3.5. A simply supported beam AB of span 6 m carries point loads of 3 kN and 6 kN at a 

distance of 2 m and 4 m from the left end A as shown in Figure. Find the reactions at 

A and B. 

 

 
 

 

 

Solution:  

 

 
 

Reactions, RA, RB = ? 

Now, 

For RA, taking moment about B 

∑MB = 0 

 - RA x AB + (3 x CB) + (6 x DB) = 0 

 - RA x AB + {3 x (AB - AC)} + {6 x (AB – AD)}= 0 
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 - RA x 6+ {3 x (6 - 2)} + {6 x (6 – 4)}= 0 

  RA = 4 kN 

Now 

For RB, taking moment about A 

∑MA = 0 

 - RB x AB + (3 x AC) + (6 x AD) = 0 

 - RB x 6+ (3 x 2) + (6 x 4) = 0 

  RB = 5 kN 

 

 

3.6. A simply supported beam AC of span 6 m carries point loads u.d.l of 10 kN/m as 

shown in Figure. Find the reactions at A and B. 

(This is problem of uniformly distributed load (U.D.L.)) 

 

 
 

Solution:  

           Reactions, RA, RB = ? 

Now, 

For RA, taking moment about B 

∑MB = 0 

 - RA x AC + (10 x AC x 
𝐴𝐶

2
) = 0 

 RA x 6 + (10 x 6 x 
6

2
 ) = 0 

 RA = 30 kN 

 

Now 

For RB, taking moment about A 

∑MA = 0 

 RB x AC - (10 x AC x 
𝐴𝐶

2
) = 0 

 RB x 6 - (10 x 6 x 
6

2
 ) = 0 

 RB = 30 kN 

 

 

3.7. A beam AB 5 m long is supported at its ends A and B. Two point loads W1 and W2 

are placed at C and D, 1 m and 3 m respectively from the end A. If the reaction at A 

is twice the reaction at B, find the ratio of the loads W1 and W2. 
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Solution: 

 

 
Let,  

 Reaction at A = RA 

 Reaction at B = RB 

  

W1 : W2 =? 

Given, RA = 2 x RB  ( Since, the reaction at A is twice the reaction at B)  

We know,  

Total Vertical force Up = Total Vertical force Down 

 RA+ RB = W1 +W2 

 (2 x RB) + RB = W1 +W2         (Since, RA = 2 x RB) 

 (3 x RB) = W1 +W2     

  RB = 
𝑊1 +𝑊2

3
  ………(1) 

 

Again, For RB, taking moment about A 

              ∑MA = 0 

 RB x AB- (W1 x AC) - (W2 x AD) = 0 

 RB x 5 - (W1 x 1) - (W2 x 3) = 0 

 RB = 
𝑊1+3 𝑊2

5
………..(2) 

 

      From Equation (1) and (2) 

             

   
𝑊1 +𝑊2

3
  = 

𝑊1+3 𝑊2

5
 

 5 (W1 +W2) = 3(W1 +3W2) 

 5W1+ 5W2 = 3W1 + 9W2 

 2W1 = 4 W2 

 W1 : W2 = 4 : 2 = 2 : 1 
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Chapter 7: Centre of Gravity 

❖ What is weight of a body? 

The force of attraction that is proportional to the mass of the particle, acts vertically downwards 

and is known as weight of the body. 

❖ What is Centre of Mass? 

The point at which the total mass of a body is assumed to be concentrated. A has only one centre 

of mass for all positions of the body. 

❖ What is Centre of Gravity (C.G)? 

It is defined as a point in a body, through which the whole weight of the body acts, irrespective of 

its position.   

Every body has one and only one C.G. 

❖ What is Centroid? 

The centre of area of the plane figures (like triangle, quadrilateral, circle etc.) those have only 

areas, but no mass is known as centroid. 

Centroid is also called as C.G. sometimes. 

                                                                                                              

 

 

❖ What is Axis of Reference? 

The centre of gravity of a body is always calculated with reference to some assumed axis 

known as axis of reference. 

The axis of reference of plane figures is generally taken as the lowest line of the figure for 

calculating �̅� and the left line of the figure for calculating �̅�. 

 

 

 

 

 

 

 

 

W = mg, m = Mass, g = Acceleration due to gravity, 

W= Weight 
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❖ Symmetrical and Asymmetrical Sections: 

What is Symmetrical section: A plane or body is said to be symmetrical if it has visual equality 

across an axis or round a centre. 

What is Axis of Symmetry: The axis across which a plane or body is said to be symmetrical is 

called the Axis od Symmetry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 T -Section                             Channel Section (C – Section)                   I – Section 

 

What is Asymmetrical section: A plane or body is said to be asymmetrical if it does not have 

visual equality across an axis or round a centre. 

 

 

 

 

 

 

         L – Section 

Lamina: 

 

Axis of 

Symmetry 

Axis of 

Symmetry 

Axis of 

Symmetry 

Axis of 

Symmetry 

Axis of 

Symmetry 

Axis of 

Symmetry 
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❖ Methods for C. G: 

1. By geometrical considerations 

2. By moments 

3. By graphical method 

1. By geometrical considerations: 

  Rectangle (or a Parallelogram): 

 

 

 

 

 

 

 

 

 

  

The C.G. is at the point, where its 

diagonals meet each other. It is also a 

middle point of the length as well as 

the breadth of the rectangle. 

 

 

 

 
Triangle: 

The C.G. is at the point, where the three 

medians (a median is a line connecting the 

vertex and middle point of the opposite side) 

of the triangle meet. 

 
 

Trapezium: 

The CG of a trapezium with parallel sides a and b is 

at a distance of x measured form the side b, 

Where x =  

 

 

Semicircle: 

The C.G. is at a distance of from its base measured 

at a distance of (4r/3π) along the vertical radius. 

 Circular Sector:  

The C.G. of a circular sector making semi-vertical 

angle α is at a distance of x from the centre of the 

sector measured along the central axis. 

Where, x =  
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Cube: 

The C.G is at a distance of (l/2) from every face (where l is the length of each side). 

Sphere: 

The C.G. is at a distance of (d/2) from every point (where  

d is the diameter of the sphere). 

 Hemisphere: 

The C.G. is at a distance of (3r/8) from its base, 

measured along the vertical radius. 

 

 
Segment of a Sphere: 

The C.G. of a segment of sphere of a height h is at a 

distance of x from the centre of the sphere measured along 

the height. 

Where, x =  
 

 

 

 Right Circular Cone: 

The C.G.  is at a distance of (h/4) from its base, 

measured along the vertical axis 
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2. By Moment 

Discussion: 

 

 

Let us consider a body as in Figure, where 

M = Mass of the body  

 �̅� and �̅� = Co-ordinates of the C.G. of the body. 

Now, the body is divided into small masses of known C. G.  

Let, m1, m2, m3.... = Masses of the particles 

(x1, y1), (x2, y2), (x3, y3), ......=  Co-ordinates of the centres of gravity from a fixed point O  

From the principle of moments, we know that 
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Numerical Problems: 

5.1. Find the centre of gravity of a 100 mm × 150 mm × 30 mm T-section. 

Solution: 

 

As the section is symmetrical about Y-Y axis, bisecting the web, therefore its C.G. will lie on 

this axis. 

Let bottom of the web FE be the axis of reference 

(i) Rectangle ABCH 

     a1 = 100 × 30 = 3000 mm2 

     y1 = (150 - 
30

2
) = 135 mm 

 

(ii) Rectangle DEFG 

a2 = 120 × 30 = 3600 mm2 

y2 = (120 / 2) = 60 mm 

 

We know that distance between C.G. of the section and bottom of the flange FE, 

 

y̅ =  
a1y1+ a2y2

a1+ a2
 = 

(3000 x 135)+(3600 x 60)

(3000+3600)
 = 94.1 mm  Ans. 

 

100 mm = Width of T-section 

150 mm = Height of T - section 

30 mm = Thickness 

Flange 

Web 

Logic: If the figure is bi-sected along Y – axis and symmetrical about Y – axis, we only 

have to calculate �̅� only. 
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5.2.  Find the centre of gravity of a channel section 100 mm × 50 mm × 15 mm. 

Solution: 

 

As the section is symmetrical about X-X axis, therefore its centre of gravity will lie on this axis. 

Let the face AC be the axis of reference. 

(i) Rectangle ABFJ 

      

     a1 = 50 × 15 = 750 mm2 

     x1 = ( 
50

2
) = 25 mm 

 

(ii) Rectangle EGKJ  

 

     a2 = (100 – 30) x 15 = 1050 mm2 

     x2 =  
15

2
 = 7.5 mm 

 

(iii) Rectangle CDHK 

 

     a3 = 50 × 15 = 750 mm2 

     x3 =  
50

2
 = 25 mm 

 

We know that distance between the C.G. of the section and left face of the section AC, 

 

�̅� =  
𝐚𝟏𝐱𝟏+ 𝐚𝟐𝐱𝟐+ 𝐚𝟑𝐱𝟑

𝐚𝟏+ 𝐚𝟐+ 𝐚𝟑
 = 

(𝟕𝟓𝟎 𝐱 𝟐𝟓)+(𝟏𝟎𝟓𝟎 𝐱 𝟕.𝟓)+(𝟕𝟓𝟎 𝐱 𝟐𝟓)

(𝟕𝟓𝟎+𝟏𝟎𝟓𝟎+𝟕𝟓𝟎)
 = 17.5 mm Ans. 

100 mm = Height of C-section 

50 mm = Width of C - section 

15 mm = Thickness 
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5.3. An I-section has the following dimensions in mm units: 

Bottom flange = 300 × 100 

Top flange = 150 × 50 

Web = 300 × 50 

Determine mathematically the position of centre of gravity of the section. 

Solution: 

 

 

 

As the section is symmetrical about Y-Y axis, bisecting the web, therefore its C.G. will lie on this 

axis.  

Let bottom of the bottom flange be the axis of reference. 

(i) Bottom flange 

     a1 = 300 x 100 = 30000 mm2 

     y1 = ( 
100

2
) = 50 mm 

(ii) Web 

      a2 = 300 x 50 = 15000 mm2 

Logic: If the figure is bi-sected along X – axis and symmetrical about X – axis, we only 

have to calculate �̅� only. 

Top Flange 

Web 

Bottom 

Flange 
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     y2 =  100 + (300/2) = 250 mm 

(iii) Top flange 

     a3 = 150 × 50 = 7500 mm2 

     y3 = 100 + 300 + (50/2) = 425 mm 

We know that distance between centre of gravity of the section and bottom of the flange, 

�̅� =  
𝐚𝟏𝐲𝟏+ 𝐚𝟐𝐲𝟐+ 𝐚𝟑𝐲𝟑

𝐚𝟏+ 𝐚𝟐+ 𝐚𝟑
 = 

(𝟑𝟎𝟎𝟎𝟎 𝐱 𝟓𝟎)+(𝟏𝟓𝟎𝟎𝟎 𝐱 𝟐𝟓𝟎)+(𝟕𝟓𝟎𝟎 𝐱 𝟒𝟐𝟓)

(𝟑𝟎𝟎𝟎𝟎+𝟏𝟓𝟎𝟎𝟎+𝟕𝟓𝟎𝟎)
 = 160.7mm Ans. 

 

5.4. Find the centroid of an unequal angle section 100 mm × 80 mm × 20 mm. 

Solution: 

 

This is an unsymmetrical section, so we have to calculate both x̅ and y̅. 

Rectangle 1 

a1 = 100 x 20 = 2000 mm2 

x1 = ( 
20

2
) = 10 mm 

y1 = ( 
100

2
) = 50 mm 

 

(ii) Rectangle 2 

a2 = (80- 20) x 20 = 1200 mm2 

100 mm = Length of L-section  

80 mm = Width of L – section 

20mm = Thickness of L - section 
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x2 =  20+ (60/2) = 50 mm 

      y2 =  20/2 = 10 mm  

We know that distance between C.G. of the section and left face, 

�̅� =  
𝐚𝟏𝐱𝟏+ 𝐚𝟐𝐱𝟐

𝐚𝟏+ 𝐚𝟐
= 

(𝟐𝟎𝟎𝟎 𝐱 𝟏𝟎)+(𝟏𝟐𝟎𝟎 𝐱 𝟓𝟎)

(𝟐𝟎𝟎𝟎+𝟏𝟐𝟎𝟎)
 = 25 mm 

Similarly, distance between C.G. of the section and bottom face, 

�̅� =  
𝐚𝟏𝐲𝟏+ 𝐚𝟐𝐲𝟐

𝐚𝟏+ 𝐚𝟐
  = 

(𝟐𝟎𝟎𝟎 𝒙 𝟓𝟎)+(𝟏𝟐𝟎𝟎 𝒙 𝟏𝟎)

(𝟐𝟎𝟎𝟎+𝟏𝟐𝟎𝟎)
 = 35 mm 

 

 

5.5.  If the length of parallel sides of a trapezium are 3m and 6 m, respectively, and the 

distance between the parallel sides is 4 m, what is the distance of C.G. from the longest 

side? 

Solution:  

Given 

Length of the short side, a = 3 m 

Length of the long side, b = 6 m 

Height, h = 4 m 

The required distance of C.G. 

X = 
𝒉

𝟑
 𝐱 (

𝒃+𝟐𝒂

𝒃+𝒂
) =? 

5.6. Calculate the distance of the centre of gravity of a circular sector from its apex if the 

semi-vertical angle is 300 and radius is 6m. 

Solution:  

Given 

Semi-vertical angle, α = 300 m 

Radius, r = 6 m 

The required distance of C.G. 

Logic: If the figure is asymmetrical, we only have to calculate both  �̅�, and �̅�  
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 X = 
𝟐𝒓

𝟑
 
𝒔𝒊𝒏𝜶

𝜶
 = ? 

5.7. If the diameter of a hemisphere is 8 m, then calculate the distance of C.G. from the 

base. 

Solution:  

Given 

Radius, r = Diameter/2 = 8/2 m = 4m 

   The required distance of C.G. 

  x = 
𝟑𝒓

𝟖
 = ? 
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Chapter 7: Friction 

❖ What is Friction? 

The property of the bodies by virtue of which a force is exerted by a resting surface on the moving 

body to resist the motion is called friction. 

 

 

 

 

 

 

 

 

 

 

Friction acts parallel to the surface of contact and depends upon the nature of surface of contact. 

❖ What is Force of Friction? 

When a solid body slides over a surface, a force is exerted by the surface body on the moving 

body. This force is called the force of friction. 

 

 

 

 

 

The force of friction always acting in the direction opposite to the direction of motion. 

❖ Types of Friction: 

1. Static friction  2. Dynamic friction 

                 

               BOX 

ROUGH SURFACE 

FORCE 

Direction of Motion 

Force of Friction 

                 

       Moving Body 

Resting horizontal rough surface 

Direction of Motion 

Friction 

Friction 

Direction of Motion 

Moving 

Box 
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1. Static friction 

It is the friction experienced by a body when it is at rest or tends to move. 

2. Dynamic friction or Kinetic friction 

It is the friction experienced by a body when it is in motion.  

It is also called kinetic friction. 

The dynamic friction is of the following two types: 

Sliding friction: It is the friction, experienced by a body when it slides over another body. 

Rolling friction: It is the friction, experienced by a body when it rolls over another body. 

 

❖ Limiting friction: 

This is defined as the maximum value of frictional force, which comes into play, when a body just 

begins to slide over the surface of the other body.  

When the applied force is less than the limiting friction, the body remains at rest, and the friction 

is called static friction 

Static friction may take any value between zero and limiting friction. 

 

 

Friction

Static Friction Dynamic or Kinetic 
Friction

Sliding Friction

Rolling Friction
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❖ Normal reaction: 

When a body lying on a horizontal or an inclined surface, is in equilibrium, its weight acts 

vertically downwards through its centre of gravity. The surface, in turn, exerts an upward reaction 

on the body. This reaction, which is taken to act perpendicular to the plane, is called normal 

reaction. 

Normal reaction is denoted by ‘R’ 

The force of friction is directly proportional to the Normal reaction. 

 

In the Figure above, W is the weight of the body acting downward through the centre of gravity, 

P is the applied force acting through centre of gravity, R is the normal reaction acting upwards 

perpendicular to the surface of contact acting through the centre of gravity and F is the limiting 

force of friction. 

Resolving the forces on the body vertically and horizontally, we get 

R = W 

F = P 

❖ Angle of Friction: 

It is defined as the angle made by the resultant of the normal reaction (R) and the limiting force of 

friction (F) with the normal reaction (R). It is denoted by φ. 
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OR 

When a body rest on an inclined plane, the angle of inclined plane at which a body just begins to 

slide down the plane, is called the angle of friction. This is also equal to the angle, which the 

normal reaction makes with the vertical. 

    

 

 

 

 Here, N = Normal Reaction 

           W = Weight 

           F = Applied Force 

           f = Limiting Force of Friction 

           R = Resultant between N   and f 

           θ = Angle of Friction 
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❖ Co-efficient of friction: 

It is the ratio of limiting friction to the normal reaction, between the two bodies, and is generally 

denoted by μ. 

Mathematically, coefficient of friction, 

𝜇 =  
𝐹

𝑅
= 𝑡𝑎𝑛𝜑   𝑜𝑟 𝐹 =  𝜇𝑅 

where, μ = Angle of friction 

           F = Limiting friction   

           R = Normal reaction between two bodies 

❖ Angle of Repose: 

The angle of repose is defined as the maximum inclination of a plane at which a body remains in 

equilibrium over the inclined plane due to friction only. 

Explanation: 

 

Consider a body of weight W, resting on a rough inclined plane as shown in Figure 

Let R = Normal reaction acting at right angle to the inclined plane. 

α = Inclination of the plane with the horizontal 

F = Frictional force acting upward along the plane. 

Let the angle of inclination (α) be gradually increased, till the body just starts sliding down the 

plane.  

Resolving the forces along the plane, we get 

W sin α = F ...(i) 

Resolving the forces normal to the plane, we get 

W cos α = R ...(ii) 
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Dividing equation (i) by equation (ii), 

𝑊 sin𝛼

𝑊 cos𝛼
= 

𝐹

𝑅
 𝑜𝑟 𝑡𝑎𝑛𝛼 =  𝑅...(iii) 

But from the co-efficient of friction 

𝑡𝑎𝑛 𝜑 =  
𝐹

𝑅
 …(iv) 

where φ = Angle of friction. 

Hence from equations (iii) and (iv), we have 

tan α = tan φ 

 α = φ 

 Angle of repose = Angle of friction. 

❖ Equilibrium of a body on a rough horizontal plane: 

A body, lying on a rough horizontal plane will remain in equilibrium. But whenever a force is 

applied on it, the body tends to move in the direction of the force. In such cases, equilibrium of the 

body is studied first by resolving the forces horizontally and then vertically. 

Now the value of the force of friction is obtained from the relation: 

F = μR 

where μ = Coefficient of friction, and 

           R = Normal reaction. 

❖ Application of Friction: 

1. Ladder friction 

2. Wedge friction 

3. Screw friction. 

What is a Ladder? 

The ladder is a device for climbing or scaling on the roofs or walls. It consists of two long uprights 

of wood, iron or rope connected by a number of cross pieces called rungs. These runing serve as 

steps. 

Let us consider a ladder AB resting on the rough ground and leaning against a wall, as shown in 

Figure. 
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Let, 

Fw = Force of friction between the ladder and the wall 

Ff = Force of friction between the ladder and the floor 

Rf = Normal reaction at the floor acting perpendicular of the floor 

Rw = Normal reaction of the wall will also act perpendicular to the wall 

As the upper end of the ladder tends to slip downwards, therefore the direction of Fw will be 

upwards as shown in the Figure. Similarly, as the lower end of the ladder tends to slip away from 

the wall, therefore the direction of Ff will be towards the wall as shown in the Figure. 

Since the system is in equilibrium, therefore the algebraic sum of the horizontal and vertical 

components of the forces must also be equal to zero. 

What is a Wedge? 

A wedge is, usually, of a triangular or trapezoidal in cross-section. It is, generally, used for slight 

adjustments in the position of a body i.e. for tightening fits or keys for shafts. 
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Numerical problems: 

7.1. body of weight 100 Newtons is placed on a rough horizontal plane. Determine the co-

efficient of friction if a horizontal force of 60 Newtons just causes the body to slide over the 

horizontal plane. 

Solution: 

 

Given: 

Weight of body, W = 100 N 

Horizontal force applied, P = 60 N 

Let, 

Limiting force of friction = F 

The normal reaction of the body = R 

Let μ = Co-efficient of friction. 

Resolving the forces horizontally,  

              Limiting force of friction, F = P = 60 N 

Resolving the forces vertically,  

             The normal reaction of the body, R = W = 100 N 

Again we know,  

F = μR =>  μ = (F/R) = (60/100) = 0.6  
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7.2. A body of weight 200 N is placed on a rough horizontal plane. If the co-efficient of friction 

between the body and the horizontal plane is 0.3, determine the horizontal force required to 

just slide the body on the plane. 

Solution: 

Given,  

Weight of body, W = 200 N 

Co-efficient of friction, μ = 0.3 

Normal reaction, R = W = 200 N 

Let, P = horizontal force which causes the body to just slide over the plane. 

Resolving the forces along the plane 

Frictional force = Applied force 

 F = P 

We know, 

 F = μR = 0.3 × 200 = 60 N  

Hence, P = 60N Ans. 
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7.3. A body of weight 500 N is pulled up an inclined an inclined plane by a force of 250 N. 

The inclination of the plane is 250 to the horizontal and the force is applied parallel to the 

plane. Determine the co-efficient of the friction. 

Solution: 

 

Given,  

Weight of the body, W = 500 N 

Force, P = 250 N 

Inclination of the plane to the horizontal, θ = 250  

Let, R = Normal reaction 

        μ = Co-efficient of friction = ? 

We know,  

           F = μR 

 μ = (F/R) = ? 

From the figure, 

Resolving the forces parallel to the inclined plane 

F + W sin 250 = P 

 F = P – W sin 250  
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 F = 250 – 500 sin 250 = 38.69 N 

Resolving the forces perpendicular to the inclined plane 

R = W cos 250 = 500 cos 250 = 453.15 N 

Hence,  

Co-efficient of friction, μ = (F/R) = (38.69/453.15) = 0.0853   Ans 
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7.4. A body of weight 50 N is pulled up along an inclined plane having an inclination of 300 

with the horizontal. If the co-efficient of friction between the body and the plane is 0.25 and 

force being applied parallel to the plane, determine the force applied. 

Solution: 

 

Given,  

Weight of the body, W = 500 N 

Inclination of the plane to the horizontal, θ = 300  

Co-efficient of friction, μ = 0.25 

Let,  

R = Normal reaction 

Force applied, P = ?        

Resolving the forces along the plane 

P = F + W sin  
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 P = F + 50 sin 300  

 P = F + 25     ……(1) 

Resolving the forces perpendicular to the plane 

R = W cos θ          

 R = 50 cos 300 = 43.301 N     

We know 

F  = μR                    

 F = 0.25 x 43.301= 10.825 N 

From Equation (1)  

         P = F + 25 

 P = (10.825 + 25) N  

 P = 35.825 N   Ans. 
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Chapter 9: Work, Power and Energy 

❖ Work: 

• What is Work (or) Workdone? 

Work is defined as the product of force and displacement of the body on which force is acting.  

The force and displacement should be in the same direction.  

Mathematically,  

Let. P = Force acting on a body 

       s = Distance covered by the body due to application of force 

Then work done by the force P 

 W = Force × Distance 

      = P × s 

• If the force acting and distance moved in NOT the same direction as shown in the Figure2 

below. 

 

          

Work done = Component of force in the direction of motion × Distance 

                   = P cos θ × S (or) PS cos θ 

• What is the work done by the weight of a walking man through a distance? 

 

 

 

 

 
Figure 1: Body moving in the 

direction of force 

Figure 2: Body NOT moving in the direction of force 
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Let,  

P = Weight of the man 

S = Distance covered between position 1 and position 2 

θ = Angle between P and S 

Here, θ = 900  

Work done, W = PS cos θ = PS cos 900 = 0 

Hence, the work done by the weight of a walking man through a distance is zero (0). 

❖ Unit of Workdone: 

Unit: N-.m (Joule) 

      or kN-m (Kilo - Joule) 

The units of work depend upon the units of the force and distance.  

❖ What is Joule? 

It is the work done by a force of 1 N, when it displaces the body through 1 m. 

Mathematically. 

1 joule (J) = 1 N-m 

❖ What is Kilo - Joule? 

It is the work done by a force of 1 kN, when it displaces the body through 1 m. 

Mathematically. 

P 

S 

Position 1 Position 2 
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1 kilo-joule (kJ) = 1 kN-m 

❖ Power: 

What is Power? 

The power may be defined as the rate of doing work. It is thus the measure of performance 

of engines. 

Units of Power 

Units: Watt (W) (S.I. Unit) 

1 Watt = 1 N-m/s or 1 J/s. 

A few bigger units of power: 

1 kW = 103 W, 1 MW = 106 W 

❖ Types of Engine Powers: 

In the case of engines, the following two terms are commonly used for power. 

1. Indicated power. 2. Brake power. 

What is Indicated Power (I.P)? 

The actual power generated in the engine cylinder is called indicated power (briefly written as 

I.P.). Sometimes, the indicated power is also defined as the power, which is fed into the engine in 

the form of steam or calorific value of the fuel. 

What is Brake Power (B.P)? 

It has been observed that the entire power, generated by the engine cylinder, is not available for 

useful work. This happens because a part of it is always utilized in overcoming internal friction of 

the moving parts of the engine. The net output of the engine is called brake power (briefly written 

as B.P). 

Mathematically:  

B.P = I.P – Losses 

The brake power of an engine is measured by an apparatus called dynamometers (or brake). 

Following are the two types of dynamometers: 

1. Absorption type, and 2. Transmission type. 
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In the absorption type dynamometers, the entire power, available from the engine, is wasted in 

friction of the brakes during the process of measurement.  

But in the transmission type dynamometers, the entire power available from the engine is 

transmitted to some other shaft, where it is suitably measured.  

❖ Efficiency of an Engine or Mechanical Efficiency: 

It is the ratio of brake power to the indicated power.  

Mathematically, efficiency η = 
𝐵.𝑃.

𝐼.𝑃.
 

❖ Energy: 

• What is Energy? 

Energy is defined as the capacity to do work.  

The energy exists in many forms like, mechanical, electrical, heat, chemical and light etc. 

❖ Mechanical Energy: 

2 important types are important from the subject point of view: 

1. Potential energy  

2. Kinetic energy 

1. Potential energy 

It is the energy possessed by a body by virtue of its position for doing work 

As for example: 

1. A body, raised to some height above the ground level, possesses some potential energy, 

because it can do some work by falling on the earth’s surface. 
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2. Compressed air also possesses potential energy, because it can do some work in expanding, 

to the volume it would occupy at atmospheric pressure. 

 

 

3. A compressed spring also possesses potential energy, because it can do some work in recovering 

to its original shape. 
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❖ Potential Energy Stored in Lifting Body: 

Now consider a body as shown in the Figure. raised through a height above the ground.  

Let, Mass of the body = m 

       Height through which it is raised = h 

Hence, 

Potential Energy = Work done in raising the body =  

         Weight × Distance = (mg) h = mgh 

 

 

This work (equal to m.g.h) is stored in the body as potential energy. Because, while coming down 

to its original level, is capable of doing work equal to (m.g.h). 

❖ Potential Energy stored in a swimmer body jumped into the swimming pool from a height: 

Let, m = Mass of the swimmer 

h = Height of jump 

Hence, 

Potential Energy = Work done in raising the body =  

         Weight × Distance = (mg) h = mgh 

 

 

2. Kinetic Energy: 

It is the energy, possessed by a body, for doing work by virtue of its mass (m) and velocity of 

motion (v). 

❖ Derivation of KE of a moving body: 

 

Now consider a body, which has been brought to rest by a uniform retardation due to the applied 

force. 

 

m 

m 

h 
Direction of 

raising 

Position 

     1 

Position 

     2 

Swimming Pool 

h 
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Let, 

m = Mass of the body 

u = Initial velocity of the body 

F = Force applied on the body to bring it to rest, 

a = Constant retardation, and 

s = Distance travelled by the body before coming to rest. 

Since the body is brought to rest, therefore its final velocity, 

v = 0 

Now,     

Work done, W = Force × Distance = F × s ………....(i) 

 

We know, 

F = ma (Newton’s Second law of motion) 

Now substituting value of F in equation (i), 

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

Again, we know, 

v2 = u2 – 2 as           (Minus sign due to retardation) 

 2as = u2 + 0      (Since, v = 0) 

 as = u2 /2 

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

 

KE = 
𝑚𝑢2

2
 

 

 

❖ 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. 

Example: 

1. In an electrical heater, the electrical energy is converted into heat energy. 

2. In an electric bulb, the electrical energy is converted into light energy. 

KE can also be written as, KE = 
𝑚𝑣2

2
 

m 

Initial Velocity = u 

m 

Moving Body 

F force applied and 

the Body came to rest 

Final Velocity = v 

 

s 
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3. In a dynamo, the mechanical energy is converted into electrical energy. 

No machine can either create or destroy energy, though it can only transform from one form into 

another. We know that the output of a machine is always less than the input of the machine. This 

is due to the reason that a part of the input is utilized in overcoming friction of the machine. This 

does not mean that this part of energy, which is used in overcoming the friction, has been 

destroyed. But it reappears in the form of heat energy at the bearings and other rubbing surfaces 

of the machine, though it is not available to us for useful work.  
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Numerical problems: 

9.1. If the distance travelled by a solid body under the application of 5 N force is 5m in the 

same direction of force, calculate the work-done by the force? 

Solution: 

Given,  

Force, F = 5 N 

Distance travelled, S = 5m 

Workdone, W = F * S = 5 N * 5 m = 25 Nm = 25 Joule 

 

9.2. A horse pulling a cart exerts a steady horizontal pull of 300 N and walks at the rate of 

4·5 km/hour. How much work is done by the horse in 5 minutes? 

Solution.  

Given,  

Pull (or force), P = 300 N  

Velocity (v) = 4·5 km/h = 4.5 x 1000 m/ 60 min  = 75 m/min 

Time (t) = 5 min. 

Workdone, W= ? 

We know, W = P x S 

The distance travelled in 5 minutes, S = v x t = 75 × 5 = 375 m 

Work done by the horse, W = Force × Distance = P x S = 300 × 375 = 112 500 N-m = 112500 J 

                                                                             Or W = (112.500/1000) kN-m = 112.5 kJ  Ans. 
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9.3. A block of wood of weight 800 N is placed on a smooth inclined plane which makes an 

angle of 30° with the horizontal. Find the work done in pulling the block up for a length of 5 

m. 

Solution: 

 
 

Given, 

Weight, W = 800 N 

Angle, θ = 30° 

Distance along the plane moved by block = 5 m. 

Let,  

P = Force applied on the wooden block when the block moves upwards. 

 

 

 

The inclined plane is given smooth. Hence co-efficient of friction will be zero. This means the 

force of friction will be also zero. 

 

Hence, Force of Friction, F = 0 

 

From the Figure, resolving the forces parallel to the inclined plane 

   P = W sin 30° + F 

∴ P = 800 × sin 30° + 0 = 400 N 

 

∴ Work done in pulling the block up 

= P × Distance moved = 400 × 5 = 2000 Nm. Ans. 

 

9.4. Find the power of an engine, which can do a work of 1200 joules in 8 seconds. 

Solution: 

Given, 

Work, W = 1200 J  

Time (t) = 8 s 
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Power, P  =  Work done by the engine in one second 

 P = W/t = 1200 J/8 s = 150 J/s = 150 W Ans. 

 

9.5. A motor boat is moving with a steady speed of 10 m/s. If the water resistance to the 

motion of the boat is 600 N, determine the power of the boat engine. 

Solution: 

Given, 

Speed of motor boat = 10 m/s  

Resistance = 600 N 

We know, 

Power = Resistance × Speed = 600 × 10 = 6000 N-m/s  

                                               = (6000/1000) kN-m/s (Since, 1 kN = 1000 N) 

                                                    = 6 kN-m/s = 6 kJ/s = 6 kW Ans. 

 

9.6. A man of mass 60 kg dives vertically downwards into a swimming pool from a tower of 

height 20 m. Calculate the energy stored in the body. 

Solution:  

Given:  

Mass of the man (m) = 60 kg 

Height of the tower (h) = 20 m 

Hence, energy stored in the body (Potential energy) 

           = mgh = 60 × 9.8 × 20       (Since, g = 9.8 m/s2) 

                      = 11 760 N-m Ans. 

 

9.7. A truck of mass 15 tonnes travelling at 1.6 m/s velocity. Calculate the Kinetic energy of 

the body. 

 

Solution.  

Given, 

Mass of the truck (m) = 15 tonn 

Velocity of the truck (v) = 1.6 m/s  
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We know, Kinetic energy (K.E) = 
mv2

2
  

                                       = 
15 ∗ 1.62

2
  

                                                    = 19.2 tonn.m2/s = 19.2 *1000 kg.m2/s = 19200 kg.m2/s Ans. 

(1 tonn = 1000 kg) 

 

 

 

 


