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Static Equilibrium (No Motion)
 Static equilibrium conditions

1. No Translational Force
Resultant external force must equal 
zero

0 extnet FF


= = 
= = 0
= = 0

Upper Forces balance Down forces
Forces to the right balance Forces to the left
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2000N

Example
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Conditions for Equilibrium
 For an extended object to be in equilibrium, a second 

condition must be satisfied
2. This second condition  involves that No rotational 
motion of the extended object

The net external torque on the object must equal zero

0 


Iextnet

This must be true for any axis 
of rotation
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cause a counterclockwise rotation,
then the torque is positive

cause a clockwise rotation,
then the torque is negative

0 


Iextnet
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2nd Conditions for Equilibrium
The net torque equals zero

 This means that the torque causes 
counterclockwise rotation balances with the torque 
that cause clockwise rotation

0  



A seesaw consisting of a uniform board of mass mpl and length L

supports a father and daughter with masses M and m, respectively.

The father is a distance d from the center, and the daughter is a

distance 2 m from the center.

 A) Find the magnitude of the upward force n exerted by the

support on the board.

 B) Find where the father should sit to balance the system at rest.

mg Mg

n

mplg

d2m
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A) Find the magnitude of 
the upward force n exerted 
by the support on the 
board.
B) Find where the father 
should sit to balance the 
system at rest.
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Axis of Rotation

The net torque is about an axis through any The net torque is about an axis through any 
point in the xy plane

Does it matter which axis you choose for 
calculating torques?

NO. The choice of an axis is arbitrary
 If an object is in translational equilibrium and 

the net torque is zero about one axis, then the 
net torque must be zero about any other axis

We should be smart to choose a rotation axis 
to simplify problems



EXAMPLE 1
A uniform 40.0-N board supports a father and daughter
weighing 800 N and 350 N, respectively. If the support is

under the center of gravity of the board and if the father is
1.00 m from the center,

(b) Determine where the child should sit to balance the system.

Take an axis perpendicular to the
page through the center of
gravity G as the axis for our

torque

(b)
G
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Center of Gravity
 The torque due to the gravitational force on

an object of mass M is the force Mg acting at
the center of gravity of the object

 If g is uniform over the object, then the center
of gravity of the object coincides with its
center of mass

 If the object is homogeneous and
symmetrical, the center of gravity coincides
with its geometric center
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Where is the Center of Mass ?
 Assume m1 = 1 kg, m2 = 3 kg, and x1 = 

1 m, x2 = 5 m, where is the center of 
mass of these two objects?
A) xCM = 1 m
B) xCM = 2 m
C) xCM = 3 m
D) xCM = 4 m
E) xCM = 5 m

21

2211

mm

xmxm
xCM 



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Center of Mass (CM)
 An object can be divided into 

many small particles
 Each particle will have a 

specific mass and specific 
coordinates

 The x coordinate of the 
center of mass will be

 Similar expressions can be 
found for the y coordinates

i i
i

CM
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Center of Gravity for Irregular shape
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Problem-Solving Strategy 1
 Draw sketch, decide what is in or out the system
 Draw a free body diagram (FBD)
 Show and label all external forces acting on the object
 Indicate the locations of all the forces
 Establish a convenient coordinate system
 Find the components of the forces along the two axes
 Apply the first condition for equilibrium 
 Be careful of signs

 0

  0

,,

,,





yextynet

xextxnet

FF

FF
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Problem-Solving Strategy 2
 Choose a convenient axis for calculating the net torque 

on the object
 Remember the choice of the axis is arbitrary

 Choose an origin that simplifies the calculations as 
much as possible
 A force that acts along a line passing through the origin 

produces a zero torque

 Be careful of sign with respect to rotational axis
 positive if force tends to rotate object in CCW
 negative if force tends to rotate object in CW
 zero if force is on the rotational axis 

 Apply the second condition for equilibrium 0,,  zextznet 
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Problem-Solving Strategy 3
 The two conditions of equilibrium will give a system of 

equations
 Solve the equations simultaneously
 Make sure your results are consistent with your free 

body diagram
 If the solution gives a negative for a force, it is in the 

opposite direction to what you drew in the free body 
diagram

 Check your results to confirm

0

 0

  0
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





zextznet

yextynet

xextxnet
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Horizontal Beam Example
 A uniform horizontal beam with a 

length of l = 8.00 m and a weight 
of Wb = 200 N is attached to a wall 
by a pin connection. Its far end is 
supported by a cable that makes 
an angle of  = 53 with the beam. 
A person of weight Wp = 600 N 
stands a distance d = 2.00 m from 
the wall. Find the tension in the 
cable as well as the magnitude and 
direction of the force exerted by 
the wall on the beam.
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Horizontal Beam Example
 The beam is uniform

 So the center of gravity 
is at the geometric 
center of the beam

 The person is standing on 
the beam

 What are the tension in 
the cable and the force 
exerted by the wall on 
the beam?
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Horizontal Beam Example, 2
 Analyze

 Draw a free body 
diagram

 Use the pivot in the 
problem (at the wall) 
as the pivot
 This will generally be 

easiest

 Note there are three 
unknowns (T, R, q)
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 The forces can be 
resolved into 
components in the 
free body diagram

 Apply the two 
conditions of 
equilibrium to obtain 
three equations

 Solve for the 
unknowns

Horizontal Beam Example, 3
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Muscles, bones, and joints are some of theMuscles, bones, and joints are some of the
most interesting applications of statics.
There are some surprises. Muscles, for
example, exert far greater forces than we
might think. Muscles apply torques against
the torque exerted by the weight



EXAMPLE 
A person holds a 50 N sphere in his hand. The forearm is horizontal.
The biceps muscle is attached 3 cm from the joint, and the sphere
is 35 cm from the joint. Find the upward force exerted by the
biceps on the forearm and the force exerted by the upper arm on
the forearm and acting at the joint. Take the weight of the forearm
is 40N acting at distance 15 cm from the joint.

wb=50Nwa=40NR

Tm

100°

𝒙 𝒙 𝒎 𝒙 𝒎

𝒚 𝒎

𝒙 , 𝒙 𝒎 , 𝒙 𝒎

𝒚 𝒎 𝒚 𝒂 𝒃

𝒚 𝒎

Tm

Tmcos80

Tmsin80Rx

Ry
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+
0+ (3)sin100- 40(15) sin90-50 (35)sin90= 0

Substitute in equ. 1 and 2

= 693 N

Then

𝒚

𝒙

= 706 N

𝒚

𝒙
= = -78.7°

Rx

Ry

74.8°



Find The Forcess T and R
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In the shown free body 
diagram, Take the weight of 
the arm 3 kg affected
At distance 15 cm apart from 
the jointIf θ =45°, the angle 
that the arm
Makes with the hotizontal is 
60°

If

In the bicep muscle makes an
angle 130° with the forearm
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Deltoid Muscle
Find the tension in the deltoid muscle and the reaction 
force at the shoulder joint.
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The Back and Spinal Column
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Back FBD
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The Hip JointThe Hip Joint
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71°

W= 700NWL

A O

B

CD

E

WL=0.185W= 130N
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71°

W= 700NWL

10cm

18 cm

A O

B
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+
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Example
The system of the shown leg and the cast is in equilibrium that no 

force is exerted on the hip joint by the leg and the cast , if w1= 220N,    

and then the weight w2 = ........................

and the angle =…………..

10/14/2022
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The shown free body diagram represent the hip joint for a standing person, 
where the forces at the muscle, the joints and the weights  affecting the 
system are shown in the figure.
Take AO= 7 cm, AE= 20 cm, ED= 24 cm, WL= 130 N, and , find the 
magnitude of FM and FJ


