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First Condition of Equilibrium 

 

For an object to be in equilibrium, it must be experiencing no acceleration. This means that 

both the net force and the net torque on the object must be zero. Here we will discuss the first 

condition, that of zero net force. 

In the form of an equation, this first condition is: 

                                                                  Fnet=0 

In order to achieve this conditon, the forces acting along each  axis of motion must sum to 

zero. For example, the net external forces along the typical x– and y-axes are zero. This is 

written as 

  net Fx=0 

                                                                                and 

                                                                                             net Fy=0 

The condition Fnet=0   must be true for both static equilibrium, where the object’s velocity is 

zero, and dynamic equilibrium, where the object is moving at a constant velocity. 

Second Condition of Equilibrium 

The second condition of static equilibrium says that the net torque acting on the object must be zero 

A child’s see saw, shown in, is an example of static equilibrium. An object in static equilibrium is one 

that has no acceleration in any direction. While there might be motion, such motion is constant 
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Net Force Must Be Zero 

The net force acting on the object must be zero. Therefore all forces balance in each direction. For 

example, a car moving along a highway at a constant speed is in equilibrium, as it is not accelerating 

in any forward or vertical direction. Mathematically, this is stated as Fnet = ma = 0. 

Net Torque Must Be Zero 

The second condition necessary to achieve equilibrium involves avoiding accelerated rotation 

(maintaining a constant angular velocity ). A rotating body or system can be in equilibrium if its rate of 

rotation is constant and remains unchanged by the forces acting on it. 

To understand what factors affect rotation, let us think about what happens when you open an 

ordinary door by rotating it on its hinges. The magnitude, direction, and point of application of the 

force are incorporated into the definition of the physical quantity called torque—the rotational 

equivalent of a force. It is a measure of the effectiveness of a force in changing or accelerating a 

rotation (changing the angular velocity over a period of time). 

In equation form, the magnitude of torque is defined to be τ=rFsinθ where τ (the Greek letter tau) is 

the symbol for torque, r is the distance from the pivot point to the point where the force is applied, F is 

the magnitude of the force, and θ is the angle between the force and the vector directed from the 

point of application to the pivot point. 

Two-Component Forces 

In equilibrium, the net force and torque in any particular direction equal zero. 

An object with constant velocity has zero acceleration. A motionless object still has constant (zero) 

velocity, so motionless objects also have zero acceleration. Newton’s second law states that: 

∑F=ma 

∑F=ma so objects with constant velocity also have zero net external force. This means that all the 

forces acting on the object are balanced — that is to say, they are in equilibrium. 

This rule also applies to motion in a specific direction. Consider an object moving along the x-axis. If no 

net force is applied to the object along the x-axis, it will continue to move along the x-axis at a 

constant velocity, with no acceleration. 
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We can easily extend this rule to the y-axis. In any system, unless the applied forces cancel each other 

out (i.e., the resultant force is zero), there will be acceleration in the direction of the resultant force. In 

static systems, in which motion does not occur, the sum of the forces in all directions always equals 

zero. This concept can be represented mathematically with the following equations: 

∑Fx=max=0 

∑Fx=max=0 

 

∑Fy=may=0 

∑Fy=may=0 

This rule also applies to rotational motion. If the resultant moment about a particular axis is zero, the 

object will have no rotational acceleration about the axis. If the object is not spinning, it will not start 

to spin. If the object is spinning, it will continue to spin at the same constant angular velocity. Again, 

we can extend this to moments about the y-axis as well. We can represent this rule mathematically 

with the following equations: 

 

∑τx=Iαx=0 

∑τx=Iαx=0 

 

∑τy=Iαy=0 

∑τy=Iαy=0 
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States of equilibrium 

   There are three states of equilibrium:  

 Stable equilibrium  

 Unstable equilibrium 

 Neutral equilibrium   

Stable equilibrium 

When the center of gravity of a body lies below point of suspension or support, the body is                                       

said to be in    STABLE EQUILIBRIUM. For example a book lying on a table is in stable equilibrium.  

Explanation 

   A book lying on a horizontal surface is an example of stable equilibrium. If the book is lifted 

from one edge    and then allowed to fall, it will come back to its original position. 

    Other examples of stable equilibrium are bodies lying on the floor such as chair, table etc.  

Reason of stability 

   When the book is lifted its center of gravity is raised . The line of action of weight passes 

through the    base of the book. A torque due to weight of the book brings it back to the original 

position.  

Unstable equilibrium 

   When the center of gravity of a body lies above the point of suspension or support, the body 

is said to    be in unstable equilibrium  

Example 

    pencil standing on its point or a stick in vertically standing position.  

   Explanation: 

    If thin rod standing vertically is slightly disturbed from its position it will not come back to its 

original    position. This type of equilibrium is called unstable equilibrium, other example of unstable 

equilibrium are    vertically standing cylinder and funnel etc.  

Reason of instability 

   when the rod is slightly disturbed its center of gravity is lowered . The line of action of its 

weight lies    outside the base of rod. The torque due to weight of the rod toppled it down.  
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Neutral equilibrium 

   When the center of gravity of a body lies at the point of suspension or support, the body is 

said to be in    neutral equilibrium. Example: rolling ball. 

Explanation 

   If a ball is pushed slightly to roll, it will neither come back to its original nor it will roll forward 

rather it will    remain at rest. This type of equilibrium is called NEUTRAL EQUILIBRIUM.  

Reason of neutral equilibrium 

    If the ball is rolled, its center of gravity is neither raised nor lowered. This means that its 

center of gravity    is at the same height as before.  

Couple 

 In mechanics, pair of equal parallel forces that  are  opposite in direction. The only effect of a 

couple is to produce or prevent the turning of a body. The turning effect, or moment, of a couple is 

measured by the product of the magnitude of  either   force and the perpendicular distance between 

the action lines of the forces. 

The steering wheel of an automobile is turned by hand forces that constitute a couple, and a 

screwdriver is twisted by the equivalent of a couple. A wrench, on the other hand, is actuated by a 

force applied at one end only, and, in addition to the turning moment, it creates an unbalanced force 

on the element being tightened. 
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Work sheet from the hand out 

1. Stand straight with your heels, back, and head against a wall. Bend 

forward from your waist, keeping your heels and bottom against the wall, 

to touch your toes. Can you do this without toppling over? Explain why 

and what you need to do to be able to touch your toes without losing 

your balance. Is it easier for a woman to do this? 

2.  A round pencil lying on its side as in Figure 4 is in neutral equilibrium 

relative to displacements perpendicular to its length. What is its stability 

relative to displacements parallel to its length? 

3. Explain the need for tall towers on a suspension bridge to ensure stable 

equilibrium 

4.  Two children of mass 20 kg and 30 kg sit balanced on a seesaw with the pivot point 

located at the center of the seesaw. If the children are separated by a distance of 3 m, at 

what distance from the pivot point is the small child sitting in order to maintain the 

balance? 

5.  (a) Calculate the magnitude and direction of the force on each foot of the horse in 

Figure 10 (two are on the ground), assuming the center of mass of the horse is midway 

between the feet. The total mass of the horse and rider is 500kg. (b) What is the 

minimum coefficient of friction between the hooves and ground? Note that the force 

exerted by the wall is horizontal. 

6.  A person carries a plank of wood 2 m long with one hand pushing down on it at one end 

with a force F1 and the other hand holding it up at 50 cm from the end of the plank with 

force F2. If the plank has a mass of 20 kg and its center of gravity is at the middle of the 

plank, what are the magnitudes of the forces F1 and F2? 

 


