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1. Introduction
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Objectives

1. To introduce the concept of the free-
body diagram for a particle.

2. To show how to solve particle 
equilibrium problems using the 
equations of equilibrium.
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Definitions

1. A particle is in equilibrium if it is at rest if 
originally at rest or has a constant velocity if 
originally in motion. 

2. Static equilibrium denotes a body at rest.

3. Newton’s first law is that a body at rest is 
not subjected to any unbalanced forces.
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F 0=
r

Static Equilibrium
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F is the vector sum of all

forces acting on the particle.


r

Static Equilibrium



A mechanical system is defined as a body or group of bodies which can be
conceptually isolated from all other bodies. A system may be a single body
or a combination of connected bodies. The bodies may be rigid or nonrigid.
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Once we decide which body or combination of bodies to analyze, we then treat
this body or combination as a single body isolated from all surrounding bodies.
This isolation is accomplished by means of the free-body diagram,

8



2/8/2026 Equilibrium of a Particle 9

The Free-Body Diagram

1. To apply equilibrium equations we 
must account for all known and 
unknown forces acting on the particle.

2. The best way to do this is to draw a 
free-body diagram of the particle.

3. This is a sketch that shows the particle 
“free” from its surroundings with all 
the forces acting on it.



2. Modeling the Action of 
Forces
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Force Types

1. Active Forces - tend to set
the particle in motion.

2. Reactive Forces – result
from constraints or supports
and tend to prevent motion.
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Cables and 
Pulleys
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SpringsF=ks
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The representations are not free-body diagrams, but are
merely elements used to construct free-body diagrams. Study these nine 
conditions and identify them in the problem work so that you can draw 
the correct free-body diagrams.
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Drawing Free-Body Diagrams

1. Draw Outlined Shape - Imagine the particle 
isolated or cut “free” from its surroundings

2. Show All Forces - Include “active forces” and 
“reactive forces”

3. Identify Each Force - Known forces labeled 
with proper magnitude and direction. Letters 
used for unknown quantities.

4. Show the choice of coordinate axes directly
on the diagram.



3. Examples of FBDs
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Example 1   

The sphere has a mass of 

6 kg and is supported as 

shown. Draw a free-

body diagram of the 

sphere, cord CE, and the 

knot at C
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Sphere

There are two forces acting on the 

sphere. These are its weight and 

the force of cord CE. 

The weight is: 

W = 6 kg (9.81 m/s2)=58.9 N.
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Cord CE

There are two forces 

acting on the cord.

These are the force 

of the sphere, and the

force of the knot. A 

cord is a tension

only member. 

Newton’s third law 

applies.
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Knot at C

There are three forces acting on the knot at C. These are the 

force of the cord CBA, and the force of the cord CE, and the 

force of the spring CD.



2/8/2026 Equilibrium of a Particle 28

Example 2

Draw the 
FBD at A
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Not a 
Free 
Body 
Diagram!
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FBD
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Example 3

Draw the 
FBD at C, 
E, Cord EC
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FBE of E
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FBD of C
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Example 4

Draw the 
FBD at A
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FBD of A
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In each of the five following examples, the body to be isolated is shown in the left-
hand diagram, and an incomplete free-body diagram (FBD) of the isolated body is
shown on the right. Add whatever forces are necessary in each case to form a
complete free-body diagram. The weights of the bodies are negligible unless
otherwise indicated. Dimensions and numerical values are omitted for simplicity.
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4. Equilibrium Conditions
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We defined equilibrium as the condition in which the resultant of all forces and 
moments acting on a body is zero. Stated in another way, a body is in equilibrium if all 
forces and moments applied to it are in balance. These requirements are contained in 
the vector equations of equilibrium, Eqs. 3/1, which in two dimensions may be written 
in scalar form as
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5. Additional Exercises
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Draw the 
FBD at A
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Draw the 
FBD at A, B
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Problem 1

Determine the tension 
in cables AB and AD 
for equilibrium of the 
250 kg engine block.
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To solve this problem apply equilibrium equation at point A.

The weight of the object is W = 250 kg (9.81 m/s2) = 2.452 N.

This weight is supported by cable AC so TAC = 2.452 N.

TAC = 2.452 kN

A 30o

TAB

TAD

Free-Body Diagram

x

y
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x

y

F

F

o
AB AD

o
AB

0

T cos30 T 0

0

T sin30 2.452kN 0

=

− =

=

− =





Equilibrium Equations
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Solving:

o
AB

o
AB

AB

AB

T sin30 2.452kN 0

T sin30 2.452kN

T (0.5000) 2.452kN

T 4.904kN

− =

=

=

=
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Solving:

o
AD AB

AD

AD

T T cos30

T (4.904 kN)(0.8660)

T 4.247kN

=

=

=
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Reporting our answers to three 

significant figures:

TAB = 4.90 kN

TAD = 4.25 kN
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Problem 2

Determine the required length of cord AC so that the 8 kg 
lamp is suspended in the position shown. The undeformed 
length of spring AB is 0.4 m and the spring has a stiffness of 
300 N/m
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FBD of A

( )2

m
W 9.81 8kg 78.5N

s

 
= = 
 
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x

y

F

F

o
AB AC

o
AC

AC

AB

0 T T cos30 0

0 T sin30 78.5N 0

T 157.0N

T 136.0N

=  − =

=  − =

=

=





Equilibrium
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AB AB

AB

AB

AB

k s

s

s

Stretched length:

L

AB

AB

T 136.0N

T

N
136.0N 300

m

0.453m

0.4m 0.453m 0.853m

=

=

=

=

= + =

Spring
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Horizontal Distance from C to A:

o
AC

AC

2m L cos30 0.853m

L 1.32m

= +

=

CORD CA
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Problem 3

Determine the force in cables AC 
and AB needed to hold the 20-kg 
cylinder in equilibrium. Set F = 300 
N and d = 1m
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Free Body Diagram

300 N

ABF

ACF
o38.66

o26.57

( )( )2

m

s
20kg 9.81 196.2 N=

1 o

1 o

2
tan 38.66

2.5

1
tan 26.57

2

−

−

 
 = = 

 

 
 = = 

 
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x

o o
AB AC

F 0

F sin38.66 F cos26.57 300N 0

+
⎯⎯→ =

− − + =



Equilibrium
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x

o o
AB AC

AB AC

F 0

F sin38.66 F cos26.57 300N 0

0.6427F 0.8944F 300N

+
⎯⎯→ =

− − + =

+ =



Equilibrium
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y

o o
AB AC

F 0

F cos38.66 F sin26.57 196.2N 0

+  =

+ − =



Equilibrium
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y

o o
AB AC

AB AC

F 0

F cos38.66 F sin26.57 196.2 N 0

0.7809F 0.4472F 196.2 N

+  =

+ − =

+ =



Equilibrium
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AB AC

AB AC

0.6427F 0.8944F 300N

0.7809F 0.4472F 196.2 N

+ =

+ =

Equilibrium
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AB

AC

F 267 N

F 98.6N

=

=

Solution
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Problem 4

The cylinder D has a mass of 20 kg. 
If a force of F = 100 N is applied 
horizontally to the ring at A, 
determine the largest dimension D 
so that the force in cable AC is zero.
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Free Body Diagram

100 N

ABF

( )( )2

m

s
20kg 9.81 196.2 N=


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x

y

F 0

F 0

+
⎯⎯→ =

+  =





Equilibrium
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x

AB

F 0

F cos 100N 0

+
⎯⎯→ =

− + =



y

AB

F 0

F sin 196.2 N 0

+  =

 − =


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( )

AB

AB

1 0

AB

F cos 100 N

F sin 196.2 N

196.2
tan 1.962

100

tan 1.962 62.99

F 220.2 N

−

 =

 =

 = =

 = =

=
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062.99

1.5 d
tan 1.962

2

d 2.42m

 =

+
 = =

=
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Problem 5

Determine the force in each cable 
and the force F needed to hold the 
4-kg lamp in the position shown.
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A

ABT

F

o60

AET

FBD at A
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x

o
AE AB

AE AB

y

o
AB

AB

AB

AE

F 0

T T cos60 0

T 0.5000T

F 0

T sin60 F 0

0.8660T F

T 1.1547 F

T 0.5774 F

+
⎯⎯→ =

− =

=

+  =

− =

=

=

=




Equilibrium at A
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B
BCT

F

o30

BDT

ABT

FBD at B

4

35
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x

o
BC BD AB

AB

BD

BC

AE

y

o
BD AB

T 1.1547 F

T 1.667 F

T 1.9107 F

T 0.57

F 0

4
T T T cos30 0

5

F 0

3
T T sin30 0

5

74 F

+
⎯⎯→ =

 
− + + = 

 

+  =

 
− = 

=

=

=



=







Equilibrium at B
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( )( )2

m

s

AB

BD

BC

AE

F 30kg 9.81 294 N

T 1.1547F 340N

T 1.667F 490N

T 1.9107F 562 N

T 0.5774F 170N

= =

= =

= =

= =

= =


