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Terms to know: equilibrium, torque, stable, unstable, statics 

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
9.4. Applications of Statics, Including Problem-Solving Strategies
• Discuss the applications of Statics in real life.
• State and discuss various problem-solving strategies in Statics.
9.5. Simple Machines
• Describe different simple machines.
• Calculate the mechanical advantage.
9.6. Forces and Torques in Muscles and Joints
• Explain the forces and torques exerted by muscles.
• State how a bad posture causes back strain.
• Discuss various complexities in the real system of muscles, bones, and joints.

9.4 Applications of Statics, Including Problem-Solving Strategies
You will find suggestions for problem solving steps for statics in the previous reading guide and in the textbook.  We may work some sample problems.

9.5 Simple Machines
A machine increases or multiplies force.   The machines we will talk about take force from a human as input and output a larger force.

Previously we learned that Work = force * distance   .   A human has a limited amount of energy available to do work.  A human will apply a certain force over a distance of motion on the input to the machine.  When the force is increased by the machine there will be a decrease in the distance the object moves.   (“You can’t get something for nothing.”)      So….    


force * DISTANCE  for the human  =   FORCE * distance at the output of the machine.

The mechanical advantage of a machine is calculated by dividing the forces involved.

MA = Foutput / Finput
e.g.   For a certain machine a human applies 30 Newtons of force.  The machine applies 90 Newtons of force to some object.  The MA = 90/30 or   MA = 3 .

Q1.  If the object moves 8 cm from the action of the machine, what is the distance the human had to apply 90 Newtons of force?

We may do calculations with machines that use torque to create mechanical advantage.  

But…Q2.  Why does a pulley system have mechanical advantage?

9.6 Forces and Torques in Muscles and Joints
We may do some calculations of forces in muscles and joints using a simplified structure similar to the example problem worked out in the textbook.  

Q3.  Why should you not lift objects by bending your back into a horizontal position to reach to pick up a heavy object.

---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1. If we ignore energy loss due to friction, the work out = the work in.   Fout * dout = Fin * din  Since the output force is 3 times larger than the input force, the input distance must be 3 times larger than the output distance.  The human applies the force over a distance of 24 cm  (8 * 3).

Q2. The tension in the rope is the same in each section.  The pulley system creates a situation in which multiple sections of rope are pulling upward on the object.  The tension in the rope created by a human gets multiplied by the number of rope segments directed upward.  This ignores friction in the pulleys. 

Q3. When you bend over and pick up an object you are giving the weight of that object a large lever arm.  The torque created by the weight of the object will be large.  The muscles in your back have a smaller lever arm and consequently have to apply more force to match the torque due to the object.  The muscles in your back and the structure of the spine can be damaged by these large forces.
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