Torque

Putting “Torque” in Recognizable terms:  Torque is a measure of how much a force acting on an object will cause the object to rotate.  To maximize the amount of torque that is applied the force must be applied perpendicular to the moment arm (the distance from the pivot point to where the force is being applied).  

Putting “Torque” in Conceptual terms:  Since torque is conceptually discussing how a force causes rotation, it is important to understand how to change the torque on an object.  Torque can be increased in two ways: 1) by increasing the moment arm or 2) increasing the perpendicular force applied to the moment arm.  The opposite is true for decreasing torque.  If an object is at rest the torques on the object are balanced (they cancel out) and sum of those torques is zero.  If an object is increasing or decreasing its rotational speed, the torque on the object is still the sum of the individual torques but they do not completely cancel out.  

Putting “Torque” in Mathematical terms: Torque can be mathematically represented by the formula T = r * F where T is the Torque, r is the distance from the pivot point to the location the force is being applied (Moment arm), and F is the force applied perpendicular to the moment arm.  To maximize torque you need to apply the force perpendicular to the moment arm.  Any force applied that is not perpendicular will have to be broken up into its tangential component vector (perpendicular to moment arm) and radial component vector (parallel to moment arm).  The tangential force component is used to calculate torque. The radial force component has no affect on the torque.

Putting “Torque” in Process terms:  Thus, torque is about a force causing rotation.  The SI unit of Torque is the Newton-meter (N-m).  If you lengthen the moment arm and apply the same force, the torque will be greater.  Take the case of a hinged door.  If you push on the side of the door close to the hinges it is difficult to swing (rotate) the door.  If you push on the side opposite the hinges the door swings easily (a longer moment arm with same force means more torque).

Putting “Torque” in Applicable terms:  Torque applies anywhere that a force is applied causing a rotation.  Simple machines that create mechanical advantage are the most common applications of torque.  If you have ever sat on a teeter-totter (Lever) you have an understanding of torque.  If two different masses, one large and one small, are placed the same distance away from the pivot point, the teeter totter will tip to the side with more mass because it has more torque.  To “balance” the teeter-totter the heavier mass must move toward the pivot point thereby reducing the moment arm and lowering torque.  Remember when using a lever the maximum torque comes when the force is applied perpendicular to the moment arm.  If you are using a lever to move an object it is easy to apply a perpendicular force at first.  As you raise the lever higher it becomes more difficult to apply the force perpendicular so the torque is lowered.  This is why you see people reposition levers after using them so that they are able to continue to apply a perpendicular force.

© 2009 Board of Regents University of Nebraska

