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•Introduction

•Mechanics and its Classification

•Difference between Particle and Rigid 

Body based on System of forces

•Particle Mechanics vs. Rigid Body Mechanics

based on equilibrium conditions

Review of PPT 1
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•Free Body diagram – Its Importance

for solving the problems

•Various problems – Applications

Review of PPT 1
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Review Questions

1. What is Mechanics?

2. How is it classified?

3. Differentiate between Rigid body, 

deformable body and fluid.

4. What is the sequence of the course on 

Engineering Mechanics (Rigid body 

Mechanics)?
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5. How can you treat a problem as static?

6. Differentiate between particle 

mechanics and Rigid body mechanics
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Rigid body-statics

Forces applied on the body externally 

at any point on the rigid body

Force effect and Moment due the forces.

Force System containing Non concurrent 

forces.
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Conditions for equilibrium in 2D
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Rx , Ry are support reactions
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Example

A BW

RA RB

l/2 l/2

From which the reactions can be found 

Fy = 0; Mabout the point A = 0 (or)

Mabout the point B = 0

The 2D Rigid body Should satisfy 

the Equilibrium conditions
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Representation of the Moment in vector form

Mx = y Fz – z Fy

My = z Fx – x Fz

Mz = x Fy – y Fx

Mo = Mx i + My j + Mz k

Mo = r x F =

i    j    k

x   y   z

Fx  Fy  Fz

y

x

z

Fy

r

A (x, y, z)

o

Fz

Fx

Mo =  Mx
2 + My

2 + Mz
2
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F1

1 F1 Cos (1)

F1 Sin (1)

2

F2 Cos (2)

F2 Sin (2)
F2

O

x1

x2

y2

y1

Moment about a point on the plane 

(Equilibrium conditions)
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Fx = 0 

F1 Cos (1) + F2 Cos (2) = 0

Fy = 0 

F1 Sin (1) - F2 Sin (2) = 0

Mabout point O = 

(F1 Sin (1)) x1 - (F1 Cos (1)) y1 

- (F2 Cos (2)) y2 - (F2 Sin (2)) x2   = 0
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Different types of support

F

Ry

No reaction in 

„x‟ direction

FRx

No reaction in 

„y‟ direction

Roller support
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No reaction in 

this direction

F

Rx
Ry

Hinged support has both 

„x‟ and „y‟ reactions
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Types of loads

(i) Point load – (N)

(ii) UDL  - (N/m) - Equivalent point load –

UDL X length of UDL, which acts

at the center of UDL

(iii) Moment load                                  M
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75 KN

2 m1 m

50 KN/span

3 m
=C

E

D

(iv) Varying load (N/span)

Example:

Area = (1/2) CE x CD = (1/2) x 50 x 3 = 75 KN 

acts at the centroid of the triangle
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problems of Rigid Body subjected to 

co-planar force system-of different 

types of loads- with different types of 

supports can be solved
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x

y

0

F1

F3
F2

Concurrent co-planar forces

Concurrent coplanar forces -
Forces on a plane
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System of Forces

Forces acting on the plane 

Coplanar forces

Forces acting in the space 

Non-Coplanar forces

Concurrent forces

Non-concurrent forces

Collinear forces

Parallel forces

Non-Parallel forces

Concurrent forces

Non-concurrent forces

Parallel forces

Non-Parallel forces

System of Forces
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X

Y

F1 F2

F3
F4

F2

F3 F4

F1

(a) Coplanar-concurrent forces             (b) Coplanar-concurrent forces
on XY – Plane                                       in an inclined          PlaneYX 

X 

Y 
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X

Y

F1 F2
F3

F4
F5

F2

F3

F1

F4

F5 X 

Y 

(c) Coplanar-Non-concurrent                                   (d) Coplanar-Non-concurrent 
forces on XY – Plane                                                  forces in an – Plane YX 
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Y

X

F1 F2 F3 F4

F1

F2

F3

F4

(e) Coplanar-collinear forces              (f) Coplanar- collinear forces

on XY – Plane                                      in an         inclined PlaneYX 

X 
Y 
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X

Y

F2
F3

Z

F1

F2

F3

F1

(g) Non-coplanar, concurrent forces     (h) Non-coplanar, concurrent 
in an XYZ – coordinate system         forces in an inclined        - coordinate systemZYX 

X 

Y 

Z 
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X

Y

F1

F3

Z

F2

F4

F1

F3
F2

F4

(i) Non-coplanar, parallel forces              (j) Non-coplanar, parallel forces
in XYZ–coordinate system                         in an inclined         -coordinate ZYX 

X 

Y 

Z 
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X

Y

F1

F3

Z

F2

F4

F5

F3
F2

F4

F1

F5

(k) Non-coplanar, non-concurrent,              (l) Non-coplanar, non-concurrent,
non-parallel forces in an XYZ – non-parallel forces in an inclined 
coordinate system                                            - coordinate systemZYX 
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Resultant and Equilibrant

F1 A

F2

B C

O

FE

Resultant and Equilibrant

FR
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Two forces & its resultant represented in a parallelogram

F1 A

F2

B C

O

FR

α

Resultant of two forces by parallelogram law 
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Determination of the resultant by analytical approach

F1 A

F2

B C

O

FR

α
α

M
θ
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
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
 






CosFF

SinF
Tan
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Example 1. If the two concurrent coplanar

forces F1 and F2 are of 200 N and 100 N

respectively acts at a point ‘O’ as shown in

Fig. Find the magnitude and direction of the

resultant by using parallelogram law of

analytical approach.
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100 N

200 N

30o

Solution: By using parallelogram law 
of analytical approach, magnitude of 
the resultant 

)Cos( F F 2 F  FF 21

2

2

2

1R 
where F1 = 200 N, F2 = 100 N 
and  = 30o.
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)Cos(30 )2(200)(100 100  002F 22

R 

 

 














 






CosFF

SinF
Tan

21

21

 

 

















30100200

30100
1

Cos

Sin
Tan

= 290.9 N 
Using Eq. 2.2for the direction of the resultant

= Tan-1(0.1744) = 9.89o

F2 = 100 N

F1 = 200 N

 = 30o

FR = 290.9 N

 = 9.89o

=
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Example 2. If the two concurrent coplanar forces F1 and F2 act at a
point as shown in Fig. Find the magnitude and direction of the
resultant by using parallelogram law of analytical approach.

Solution: 

Course on “Engineering Mechanics” by Dr. Vela Murali
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)Cos( F F 2 F  FF 21

2

2

2

1R 

)Cos(100 (1)(0.75) 2 (0.75)  (1)F 22
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10075.01

10075.0
1

Cos

Sin
Tan

where F1 = 1 kN, F2 = 075 kN and  = 100o.

= 40.34o

= 1.141 kN

Resultant force can be represented as

FR = 1.141 kN

 = 40.34o
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Resultant of two forces by triangle law – Graphical approach 

Finding resultant of two forces by triangle law –graphical  

approach 

=
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Resultant of two forces by triangle law – Analytical approach 
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Example 3. Find the resultant of F1=100 kN and F2= 200 kN, 
which are acting on a particle as shown in Fig. (a) by (i) 
triangle law using graphical approach (ii) by triangle law of 
analytical approach.
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 CosFFFFR 21

2

2

2

1

2 2

 1352001002200100 222 CosR 

     21

200100

135

79.279

 SinSinSin


60.36o

R = 279.79 N and by using sin of triangle rule

2 = Sin-1(0.5054) = 30.36o

1 = Sin-1(0.2527) = 14.64o

Resultant ‘R’ = 27.79 N
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• Resultant of several forces by polygon law – graphical approach

F2

F1

F3

F4

F1

F2

F3

F4

R 

Given system of concurrent 

coplanar forces
Force polygon for the given forces
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•Resolution and components of the force along edges of the straight
quadrant



O

F
F Sin ()

F Cos ()
Force in I-quadrant, direction 

away from the origin & angle 

known w.r.to x-axis
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

F F Cos ()

F Sin ()Force in I-quadrant, 

direction towards the origin 

& angle known w.r.to y-axis

O

F



Force in II-quadrant, direction 

away from the origin & angle 

known w.r.to x-axis

F Cos ()

F Sin ()

O
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F Cos ()

F Sin ()
Force in II-quadrant, direction 

towards the origin & angle 

known w.r.to y-axis

F



O



F

F Cos ()

F Sin ()
Force in III-quadrant, direction 

away from the origin & angle 

known w.r.to x-axis

O
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F



Force in III-quadrant, direction 

towards the origin & angle 

known w.r.to y-axis

F Cos ()

F Sin ()

F Cos ()

F Sin ()Force in IV-quadrant, 

direction away from the origin 

& angle known w.r.to x-axis



F
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F Cos ()

F Sin ()

Force in IV-quadrant, 

direction towards the origin 

& angle known w.r.to y-axis


F
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• Finding the resultant of several forces – by Algebraic method
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Example 4 Determine the magnitude and the direction of the
resultant of a system of concurrent coplanar forces
as shown in Fig.
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For solution refer the Book on “Engineering 
Mechanics” By Vela Murali
Published by Oxford University Press (2010)

Page 31, Example 2.6
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Example 5. Five forces act on a bolt ‘B’ as shown in Fig.
Determine the resultant of the forces on the bolt.
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For solution refer the Book on “Engineering 
Mechanics” By Vela Murali
Published by Oxford University Press (2010)

Page 41, Example 2.7
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Resolution and components of 
the force along the edges of the 
inclined quadrant
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W Cos ()



W Sin ()

W

Two sides of the right angle triangle representing the 

components of the force „W‟ shown in Fig. 
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• Resolution of a force in a plane into its components along the edges
of the inclined quadrant

F Sin ()

F Cos ()
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F Cos ()

F Sin ()
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F Cos ()

F Sin ()
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F Cos ()

F Sin ()
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Example 6 Find the magnitudes of the forces F1 and F2

as shown in Fig. such that longitudinal and lateral forces
do not exceeding 200 N and 100 N respectively in a bolt,
which is placed 30o to the horizontal.

30o

30o

60o

60 N

F2

F1

Bolt and nut
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30o
F2

F1

30o

F1 cos 30o N

F1 sin 30o N

y’

x’ 

Free-body diagram and resolving the

forces along the x’- and y’-directions

60 N

O
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For solution refer the Book on “Engineering 
Mechanics” By Vela Murali
Published by Oxford University Press (2010)

Page 48, Example 2.10
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• Equilibrium of a Particle on an Inclined plane

For equilibrium of a particle on an inclined plane,
the resultant R = 0

Falong the plane = 0 and FPerpendicular to the plane = 0

Example 8

Course on “Engineering Mechanics” by Dr. Vela Murali
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 

 30

30500

Cos

Sin
F 

30o

Falong the plane = 0 , (               , +ve )

F Cos(30) – 500 Sin(30) = 0

= 288.7 N

Applying second equilibrium equation

FPerpendicular to the plane = 0, ( , +ve)

R- F Sin(30) – 500 Cos(30) = 0

R = 577.4 N

30o
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Equilibrium of a Particle by force polygon

Three or more concurrent coplanar forces, which are 
acting on the particle, are such that the particle is 
being under equilibrium. 

For this condition the force polygon, which is to be 
drawn to the scale according to the direction and 
magnitude of the system of the forces one after the 
other and is a closed one.

Applicability of Newton’s I – law - Equilibrium

Course on “Engineering Mechanics” by Dr. Vela Murali
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• Applicability of equilibrium of a particle –
different engineering problems

• Many of engineering problems are subjected to 
concurrent coplanar forces and satisfy the conditions of 
static equilibrium 

Either they straight plane problems (or) inclined plane 
problems. 

A free body diagram is to be drawn at a point in the 
body, where the lines of actions of the concurrent 
forces pass through (called as particle) and 
representing the direction and magnitude of these 
forces.

Course on “Engineering Mechanics” by Dr. Vela Murali
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Body weight of ‘W’

C

W

Centroid of 

the body

W

Centroid of 

the body

Weight acting on a 

horizontal plane

Weight acting on an Inclined 

plane
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Newton’s III law – Reaction force - Equilibrium

Fig. Reactive force „R‟ 

at the Contact surface 
Fig. Reactive forces R1 & 

R2 at two contact surfaces

W

R
W

W1

R1=W1

W2 W2

W1

R2=W1+W2
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Reactive force R from an inclined surface due to 

the body weight 
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• Space diagram and Free Body Diagrams (FBD)

A

B
C

O5
O6

O3O2

36 cms

O1
O4

Cylinders A, B and C have equal 
diameter and weight of 16 cm 
and 100 N respectively

Space diagram showing the physical conditions of the problem
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WB

RB/A

RB/2

RB/1

45o

B

Free Body Diagram (FBD) drawn at point ‘B’

Course on “Engineering Mechanics” by Dr. Vela Murali



71

RA/B
WA

45o

A

45o

RA/C

Free body diagram drawn at point „A‟
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WC

45o

C

Free Body Diagram drawn at point „A‟

RC/4

RC/A

RC/3
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Reference: 

“Engineering 
Mechanics” 

by 

Vela Murali
Published by 

Oxford 
University 

Press (2010)


