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1. Conditions of Equilibrium


Equilibrium implies that a body and any part of it are at rest (in the corresponding inertial system). For a body to be in equilibrium it is necessary that both the total force and total torque vanish,





� EMBED Equation.2  ���,


called the first and the second conditions of equilibrium.


Here, � EMBED Equation.2  ��� is the total external force, and � EMBED Equation.2  ��� is the total external torque.


Each component of the force and torque about each axis should vanish.


The above conditions are necessary, but sometimes not sufficient. In most circumstances, these conditions allow to solve problems. In some rare cases, the statics problems do not have solution at all (everything is determined by the deformations in the system).


2. Examples


�Example 1: Construction crane:




















Find tension in the upper (red) cable for m=1000 kg and � EMBED Equation.2  ���.


�Solution: We find and equate to zero the total torque on the lever.


� EMBED Equation.2  ���.


From this, we immediately find, 


� EMBED Equation.2  ���Thus, the tension in the cable significantly exceeds the weight of the load, 9800 N.


�Example 2: Ladder against a frictionless wall.





























Find all forces. If the coefficient of friction with the ground is � EMBED Equation.2  ���, find whether the equilibrium is possible.


Solution: We use the first condition of equilibrium for the y components of the forces,


� EMBED Equation.2  ���.


Then we use the first condition for the x components,


� EMBED Equation.2  ���


Finally, we are using the second condition,
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�� EMBED Equation.2  ���


We know that � EMBED Equation.2  ��� and � EMBED Equation.2  ���. Substituting these, we obtain


� EMBED Equation.2  ���


Summarizing the results, 


� EMBED Equation.2  ���


Substituting the numerical data,


� EMBED Equation.2  ���





Consider now stability with respect to sliding. Because � EMBED Equation.2  ��� is due to the friction, 


� EMBED Equation.2  ���


We have � EMBED Equation.2  ���, correspondingly, the condition is


� EMBED Equation.2  ���.


This inequality is false. Thus, our ladder is very unstable! To be stable, the angle should have been


� EMBED Equation.2  ���.





Similarly, for the text’s example,


� EMBED Equation.2  ���. Substituting these, we obtain


� EMBED Equation.2  ���


This precisely agrees with the text. By the way, that ladder is also unstable.


�
� EMBED Package  ���Double-click to activate the demonstration package (requires Interactive Physics II by Knowledge Revolution)�
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3. Stability
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�
� EMBED Package  ���Double-click to activate the demonstration package (requires Interactive Physics II by Knowledge Revolution)�
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Stability of Ships
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� EMBED Equation.2  ���
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