Tension, Normal & Friction Forces

1. There are two contact forces which students need to be able to represent (as vector arrows) in their drawings on exams and homework. The tension force of a rope on an object should be shown as an arrow drawn on the rope or an arrow drawn close and parallel to the rope. Ropes always pull away from the attached object. The normal force is a force perpendicular or orthogonal to a surface. We say that the floor exerts an upward (normal) force on the feet of the student while the student’s feet exert a downward (normal) force on the floor. Notice that when we draw a force diagram, we are usually only showing the forces acting on one object as, say, the student standing on the floor. In this case we would draw an upward normal force of the floor on the student (but not the downward normal force of the student on the floor). So we don’t use the reaction-force mentioned in Newton’s 3rd Law.

2. Another important distinction is that of weight (w) vs mass (m). Weight in physics, will be defined as the Force of Gravity, while mass is a measure of an object’s inertia, the tendency of an object to retain it’s state of motion. A massive object is difficult to slow down once it’s going but it is weightless if placed in deep space where we’ll intend that  the (net) gravitational force is zero. A student free-falling in a broken elevator accelerates downward due to the force of gravity (weight), hence the student is not weightless. If the student were standing on a pressure scale, the apparent weight or 
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 (indicated by the normal force on the scale) would be zero newtons or zero pounds. If the student were originally hanging from a spring scale when the elevator cable broke, the tension is the scale would be 0 N or 0 lb. We would say that the apparent weight is 0 N. Apparent weight, then, is usually either a normal force or a tension force. The person’s weight would still be Fg  = w = mg. The mass of the student would be the same, say 55 kg.. The mass is related to the total number of protons and neutrons in the student and that won’t generally change in our problems. The weight is related to the strength of the graviational “field” that a person or object is in.

3. Friction Force is a contact force (like the normal force) between one surface and another. Friction is however parallel to the surface. If someone tries to push horizontally against a block with a force (magnitude) of 8 N and if the block does not move, then there is a static friction force of 8 N in the opposite direction on the block. (These two forces act on the same object and are not an action-reaction pair. They are ‘opposite and equal’.) If that same person also pushes downward on the block and if the block does not break thru the floor, then there is a normal force upward against the person. Eventually the block will slip. Just before the object actually moves, we have reached the maximum static friction force. In this example, the maximum static friction force might be 15 N. It depends upon the type of surface the block is on and also on how hard the block’s surface is pushed into the floor’s surface. Once the object is moving there is a generally weaker kinetic friction force. This force is also dependent on the normal force between the two surfaces.
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