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Moment of a force: Part 1
·  
· The magnitude of the moment of a force:
· MO: Magnitude of the moment of F around point O
· d: Perpendicular distance from O to the line of action of F
·  
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                                                                  [image: ]
· F                                       
· d
· O
· Line of action of F
· r
· 
· 


· Note: moving a force along its line of action does not change its moment
· Note: [image: ]
 
· Direction of the moment in 2-D: The direction of the moment is given by the right hand rule: Counter Clockwise (CCW) is out of the page, Clockwise (CW) is into the page.
· O
· F
· CCW-out of the page
· O
· F
· CW-into the page
· [image: ]
· Calculating the moment in 2-D using components: Moments add together as vectors. Select a positive direction (CCW or CW), then calculate each moment and add them using the proper sign for each term. For example:
·  
· [image: ]
· F
· d2
· d1
· Fx
· Fy
· O
[image: ]
 
· Moment of a force: Part 2
· The cross product: 
· Moment of Force F around point O: MO 
· [image: ]
[image: ]
[image: ]
[image: ]
· Calculating the moment using rectangular components: 
· [image: ]
· [image: ]
· [image: ]
· Resultant moment: Mro 
[image: ]
[image: ]
· Moment of a force about a specified axis a-a: Ma 
· [image: ]
· O: any point on a-a 
[image: ]
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· Couple: C
[image: ]
[image: ]
· [image: ]
· Note: The moment of a couple does not depend on the point one takes the moment about. In other words, a moment of a couple is the same about all points in space.
· Equivalent force systems: Part 1
· The basic idea: Two force systems are equivalent if they result in the same resultant force and the same resultant moment. 
[image: ]
· Moving a force along its line of action: Moving a force along its line of action results in a new force system which is equivalent to the original force system. 
[image: ]
· Moving a force off its line of action: If a force is moved off its line of action, a couple must be added to the force system so that the new system generates the same moment as the old system.
[image: ]
· The resultant of a force and couple system: For any point O, every force and couple system can be made equivalent to a single force passing through O and a single couple. The single force passing through O is equal to the resultant force of the original system, and the couple is equal to the resultant moment of the original system around point O.
[image: ]
[image: ]
[image: ]
· When can one reduce a force and couple system to a single force?: For a force and couple system if the resultant force and the resultant couple are perpendicular, then one can find an equivalent system with a single force and no couple. To obtain this system, move the resultant force a distance d along the line perpendicular to the plane of the resultant force and resultant couple until the resultant force creates a moment equivalent to the resultant couple. 
[image: ]
[image: ]
· Note: All 2-D force systems can be reduced to a single force. To find the line of action of the force, the moment of the original system must be forced to be the same as the system with the single force. 
[image: ]
[image: ]
· Equivalent force systems: The wrench
· A wrench: A wrench is a force and couple system in which the force and couple are parallel. 
· [image: ]
· Every force and couple system can be reduced to a wrench: As above, the perpendicular part of the resultant moment can be replaced by sliding the resultant force along the line perpendicular to the plane of the resultant force and resultant couple. What remains after this operation is a wrench which has a moment equal to the component of the resultant couple parallel to the force.
[image: ]
[image: ]
Equivalent force systems: Distributed loads
Replacing distributed loads by a resultant load and resultant couple applied at a given point O : 
[image: ]
[image: ]
Replacing a distributed load by single resultant load: 
[image: ]
[image: ]
Note: Since the equation for d is the same as that for determining the centroid of the area under the w(x) curve, it follows that F must pass through the centroid of the area under the curve w(x). 



[image: ]


4. Moment of a force
The moment of a force is a measure of its tendency to rotate an object about some point.  The physical significance of a moment will be discussed later.  We begin by stating the mathematical definition of the moment of a force about a point.
 
[image: ]
 
4.1 Definition of the moment of a force.
 
To calculate the moment of a force about some point, we need to know three things:
 
1.                              The force vector, expressed as components in a basis [image: ][image: ][image: ][image: ][image: ], or better as [image: ][image: ][image: ][image: ][image: ]
2.                              The position vector (relative to some convenient origin) of the point where the force is acting [image: ][image: ][image: ][image: ][image: ] or better [image: ][image: ][image: ][image: ][image: ]
3.                              The position vector of the point (say point A) we wish to take moments about (you must use the same origin as for 2) [image: ][image: ][image: ][image: ][image: ] or [image: ][image: ][image: ][image: ][image: ]
 
The moment of F about point A is then defined as
[image: ][image: ][image: ][image: ][image: ]
 
We can write out the formula for the components of [image: ][image: ][image: ][image: ][image: ] in longhand by using the definition of a cross product
 
[image: ][image: ][image: ][image: ][image: ]
 
The moment of F about the origin is a bit simpler
[image: ][image: ][image: ][image: ][image: ]
or, in terms of components
[image: ][image: ][image: ][image: ][image: ]
Often the best way to find the moment of a force about some point is simply to use the point of interest as the origin.  Then you use the simpler formula.
 

[bookmark: Sect42] 4.2 Resultant moment exerted by a force system.
Suppose that N  forces [image: ][image: ][image: ][image: ][image: ] act at positions [image: ][image: ][image: ][image: ][image: ].  The resultant moment of the force system is simply the sum of the moments exerted by the forces.  You can calculate the resultant moment by first calculating the moment of each force, and then adding all the moments together (using vector sums).
Just one word of caution is in order here – when you compute the resultant moment, you must take moments about the same point for every force.
Taking moments about a different point for each force and adding the result is meaningless!
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