
Chapter 9

Static Equilibrium;

Elasticity and Fracture
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9-1 The Conditions for Equilibrium

An object with forces acting on it, but that is not 

moving, is said to be in equilibrium.

© 2016 Pearson Education, Ltd.



9-1 The Conditions for Equilibrium

The first condition for equilibrium is that the forces along 

each coordinate axis add to zero.
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9-1 The Conditions for Equilibrium

The second condition of equilibrium is that there be no torque around any axis; 

the choice of axis is arbitrary.
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A board of mass serves as a seesaw for two children. Child A has a mass of 

30 kg and sits 2.5 m from the pivot point, P (his center of gravity is 2.5 m 

from the pivot). At what distance x from the pivot must child B, of mass 25 

kg, place herself to balance the seesaw? Assume the board is uniform and 

centered over the pivot.



A uniform 1500-kg beam, 20.0 m long, supports a 15,000-kg printing 

press 5.0 m from the right support column. Calculate the force on each 

of the vertical support columns.
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Find FA  and FB 

(m=1200 kg)
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• A uniform beam, 2.20 m long with mass 25 kg is mounted by a small hinge. 

If the supporting cable makes an angle 30o . Determine the components of 

the force that the (smooth) hinge exerts on the beam, and the tension in the 

cable.
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A 5.0-m-long ladder leans against a wall at a point 4.0 m above a cement floor. The 

ladder is uniform and has mass 9.0 kg  Assuming the wall is frictionless, but the floor 

is not, determine the forces exerted on the ladder by the floor and by the wall.



• How much force must the biceps muscle exert when a 5.0-kg ball is held in 

the hand (a) with the arm horizontal and (b) when the arm is at a 45° angle 

as in Fig? The biceps muscle is connected to the forearm by a tendon 

attached 5.0 cm from the elbow joint. Assume that the mass of forearm and 

hand together is 2.0 kg and their CG is as shown.
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• How much force must the biceps muscle exert when a 5.0-kg ball is held in 

the hand (a) with the arm horizontal and (b) when the arm is at a 45° angle 

as in Fig? The biceps muscle is connected to the forearm by a tendon 

attached 5.0 cm from the elbow joint. Assume that the mass of forearm and 

hand together is 2.0 kg and their CG is as shown.
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Calculate the magnitude and direction of the force acting on the fifth lumbar 

vertebra as represented in Fig. 9–14b.
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9-5 Elasticity; Stress and Strain

Hooke’s law: the change in length is proportional to the 

applied force.
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9-5 Elasticity; Stress and Strain

This proportionality holds until the force reaches the 

proportional limit. Beyond that, the object will still 

return to its original shape up to the elastic limit. Beyond 

the elastic limit, the material is permanently deformed, 

and it breaks at the breaking point.
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9-5 Elasticity; Stress and Strain

The change in length of a stretched object depends not 

only on the applied force, but also on its length and 

cross-sectional area, and the material from which it is 

made.

The material factor is called Young’s modulus, and it has 

been measured for many materials.

The Young’s modulus is then the stress divided by the 

strain.
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9-5 Elasticity; Stress and Strain

In tensile stress, forces tend to stretch the object.
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9-5 Elasticity; Stress and Strain

Compressional stress is exactly the opposite of tensional 

stress. These columns are under compression.

© 2016 Pearson Education, Ltd.



9-5 Elasticity; Stress and Strain

Shear stress tends to deform an object:
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Fracture
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If the stress on a solid object is too great, the object fractures, or breaks
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The steel piano wire was 1.60 m long with a diameter of 0.20 cm. 

Approximately what tension force would break it?
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