FIGURE 4-26 An object moving
to the right on a table or floor. The
two surfaces in contact are rough, at
least on a microscopic scale.

Kinetic friction
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FIGURE 4-27 When an object
is pulled by an applied force (Fy)
along a surface, the force of friction
F, opposes the motion. The magni-
tude of F;, is proportional to the
magnitude of the normal force (Fy).
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m Problems Involving Friction, Inclines

Friction

Until now we have ignored friction, but it must be taken into account in most
practical situations. Friction exists between two solid surfaces because even the
smoothest looking surface is quite rough on a microscopic scale, Fig. 4-26. When
we try to slide an object across another surface, these microscopic bumps impede
the motion. Exactly what is happening at the microscopic level is not yet fully
understood. It is thought that the atoms on a bump of one surface may come so
close to the atoms of the other surface that attractive electric forces between the
atoms can “bond™ as a tiny weld between the two surfaces. Sliding an object
across a surface is often jerky, perhaps due to the making and breaking of these
bonds. Even when a round object rolls across a surface, there is still some frie-
tion, called rolling friction, although it is generally much less than when an object
slides across a surface. We focus now on sliding friction, which is usually called
kinetic friction (kinetic is from the Greek for “moving™).

When an object slides along a rough surface, the force of kinetic friction acts
opposite to the direction of the object’s velocity. The magnitude of the force of
kinetic friction depends on the nature of the two sliding surfaces. For given
surfaces, experiment shows that the friction force is approximately proportional
to the normal force between the two surfaces, which is the force that either
object exerts on the other, perpendicular to their common surface of contact (see
Fig. 4-27). The force of friction between hard surfaces in many cases depends
very little on the total surface area of contact; that is, the friction force on this
book is roughly the same whether it is being slid on its wide face or on its spine,
assuming the surfaces have the same smoothness, We consider a simple model of
friction in which we make this assumption that the friction force is independent
of area. Then we write the proportionality between the friction force F, and the
normal force Fy as an equation by inserting a constant of proportionality, py:

Ffr = Mk F\'-

This relation is not a fundamental law; it is an experimental relation between
the magnitude of the friction force Fp, which acts parallel to the two surfaces,
and the magnitude of the normal force £, which acts perpendicular to the
surfaces. It is nor a vector equation since the two forces have directions perpen-
dicular to one another, The term py is called the coefficient of kinetic friction, and
its value depends on the nature of the two surfaces. Measured values for a
variety of surfaces are given in Table 4-2. These are only approximate, however,
since g depends on whether the surfaces are wet or dry, on how much they have
been sanded or rubbed, if any burrs remain, and other such factors. But gy is
roughly independent of the sliding speed, as well as the area in contact.

TABLE 4-2 Coefficients of Friction'

Coeflicient of Coefficient of
Surfaces Static Friction, p Kinetic Friction, g
Wood on wood 0.4 0.2
Ice onice 0.1 0.03
Metal on metal (lubricated) 0.15 0.07
Steel on steel (unlubricated) 0.7 0.6
Rubber on dry concrete 1.0 0.8
Rubber on wel concrete 0.7 0.5
Rubber on other solid surfaces 1-4 1
Teflon® on Teflon in air 0.04 0.04
Teflon on steel in air 0.04 0.04
Lubricated ball bearings =0.01 <0.01
Synovial joints (in human limbs) 0.01 0.01

" Values arc approximate and intended only as a guide.



