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ENGINEERING MECHANICS IMPORTANT FORMULA 

FORCE 

1. SYSTEM OF FORCES 

 

1.1. Coplanar forces 

Forces whose lines of action lies on the same plane 

1.2. Non-coplanar forces 

Forces whose lines of action do not lie on the same plane. 

1.3. Collinear forces 

Forces whose lines of action lie on the same line. 

 

1.4. Concurrent forces 

Forces, whose lines of action meet at one point They may or may not be collinear & 

coplanar 

 

1.5. Parallel forces 

Forces, whose lines of action are parallel to each other. They may or may not be 

coplanar. 

1.6. Non-concurrent & Non-parallel forces 

Forces, whose lines of action do not meet or tend to meet at same point. They are also 

not parallel to each other. 

They may or may not be coplanar. 
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2. RESOLUTION OF FORCES 

The splitting up the given force into number of components, without changing its effect on the body 

is called resolution of a force. 

 

Σ H = F1 cos θ1 + F2 cos θ2 

Σ V = F1 sin θ1 + F2 sin θ2 

Resultant force = ( ) ( )
2 2

H V +   

tan
V

H



=


 

 

3. LAWS OF RESULTANT FORCE 

3.1. Triangle law of forces 

If two forces acting simultaneously on a particle, be represented in magnitude and 

direction by the two sides of a triangle, taken in order; their resultant may be represented 

in magnitude and direction by the third side of the triangle, taken in opposite order. 

 

R is the resultant of &A B  

3.2. Parallelogram law of forces 

If two forces, acting simultaneously on a particle, are represented in magnitude & 

direction by the two adjacent sides of a parallelogram; their resultant may be represented 

in magnitude & direction by the diagonal of the parallelogram, passing through their point 

of intersection. 
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Resultant R is given by R = 
2 2

1 2 1 22 cosP P PP + +  

The angle (α) which the resultant makes with P2 

 = 𝑡𝑎𝑛 𝛼 =
𝑃1 𝑠𝑖𝑛 𝜃

𝑃2+𝑃1 𝑐𝑜𝑠 𝜃
 

Special cases: 

(i) When θ = 0°, R = P1 + P2 

(ii) When θ = 90°, R = 
2 2

1 2P P+  

(iii) When θ = 180°, R = P1 – P2 

(iv) When P1 = P2, R = 2 cos
2

P
 
 
 

 

3.3. Polygon law of forces 

If number of forces acting simultaneously on a particle, be represented in magnitude & 

direction, by the sides of the polygon taken in order, then the resultant of all these forces 

is represented, in magnitude & direction by the closing side of the polygon, taken in 

opposite order. 

 

R  is the resultant of , , &A B C D vectors. 
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FRICTION 

The friction is a force distribution at the surfaces of contact and acts tangential to the surface of 

contact. 

1. LIMITING FRICTION 

The maximum value of frictional force, which comes into play, when a body just begins to slide 

over the surface of the other body. 

2. LAWS OF FRICTION 

2.1. Laws of static friction 

1. Force of friction always acts in a direction, opposite to that in which the body tends to 

move. 

2. The magnitude of the limiting friction bears a constant ratio to the normal reaction 

between the two surfaces. 

= tan
F

Cons t
R

 

Where, 

F = limiting friction 

R = normal reaction 

3. The force of friction is independent of the area of contact between the two surfaces. 

4. The force of friction depends upon the roughness of the surfaces. 

2.2. Laws of kinetic or dynamic friction 

1. The force of friction always acts in a direction opposite to that in which the body is 

moving. 

2. The magnitude of kinetic friction bears a constant ratio ratio to the normal reaction 

between two surfaces. 

This ratio is slightly less than that in case of limiting friction. 

s k

F

R


 

=


 

2.3. Angle of Repose (ϕ) 

The value of the angle of inclination θ corresponding to impending motion is called the 

angle of repose. 
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Since the block is still in equilibrium, it follows from the free body diagram that  

ΣFx = µsN – mgsinθ = 0 ⇒ µsN = mgsinθ  

ΣFy = N – mgcosθ = 0 ⇒ N = mgcosθ  

Equating above two equations, we get 

µs = tanθ  

and since angle of static friction  

µs = tanϕs 

therefore θ = ϕs 

i.e., value of angle of repose has the same value as that of angle of static friction. 

2.4. Belt friction 

Belts are used to transfer the energy from one axis to another by winding over pulley or 

drum. 

A flat belt passing over a drum where T1 and T2 (T2 > T1) are the tensions in the belt 

when belt is about to slide to right. 
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Equilibrium equations in x and y directions are  

µs
2 1T T e


=  
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CENTROID 

The plane figures (like triangle, quadrilateral, circle etc.) have only areas, but no mass. The 

centre of area of such figures is known as centroid. 

1. CENTRE OF MASS 

Point where the entire mass of a body may be assumed to be concentrated. 

2. CENTRE OF GRAVITY 

Point of a body through which the resultant of the distributed gravity forces acts irrespective 

of the orientation of the body. 

2.1. Determination of centre of gravity by moments method 

 

Consider a body of mass M, composed of ‘n’ number of masses ΔM1, ΔM2 __ _ _ _ ΔMn, 

distributed within the body such that 

M = ΔM1 + ΔM2 + _ _ _ _ _ _ _ _ ΔMn 

The distance of these masses with respect to the axes be, 

(x1 , y1) , (x2 , y2) _ _ _ _ _ _ _ _ (xn , yn) 

Let the centre of gravity of the whole mass M lie at a distance (xc ,yc) ωrt reference 

axes. 

Gravitational forces acting on the masses will be ΔM1g , ΔM2g & so on. 

( )
,

( )

i i
c

i

M x
Therefore x

M


=






 

( )
,

( )
i i

i

M y
Similarly yc

M

 
=


 

2.2. Centre of Gravity by geometrical considerations 

1. Uniform Rod 

Centre of gravity lies at its middle point 

2. Rectangle (or parallelogram) 

Centre of gravity lies at the intersection of its diagonals  
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3. Triangle 

Centre of gravity lies at the intersection of its medians. 

 

4. Trapezium 

 

 

5. Semi–circle 

 

6. Quarter Circle 
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7. Circle sector making semi – vertical angle α  

 

8. Cube 

 

9. Sphere 

Centre of gravity of a sphere lies at a distance of d/2 from every point (where d is the 

diameter of the sphere) 

10. Hemisphere 

 

11. Segment of a sphere 
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12. Parabola  

 

Centre of gravity of symmetrical sections 

In such cases, only either xc or yc is to be calculated 

13. T-section 

The section is symmetrical about y – y section, so, its centre of gravity will lies on this 

axis. 

 

 

1 1 2 2

1 2
c

A y A y
y

A A

+
=

+
 

 14. L-section 

 

1 1 2 2

1 2
c

A x A x
x

A A

+
=

+
 

1 1 2 2

1 2
c

A y A y
y

A A

+
=

+
 

2.3. CENTRE OF GRAVITY OF SOLID BODIES 

Centre of gravity of solid bodies (hemispheres, cylinders, right circular circular cones) is 

found out in the same way as that of plane figures. The only difference, between the 

plane figures & solid bodies is that in the case of solid bodies, volume is calculated instead 

of areas. 
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2.4. CENTRE OF GRAVITY OF SECTIONS WITH CUT OUT ROLES. 

 

1 1 2 2 1 1 2 2

1 2 1 2
c c

A x A x A y A y
x y

A A A A

− −
= =

− −
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