It the wheels and tires of the car are rolling normally without slipping or
sliding, the bottom of the tire is at rest against the road at each instant; so the
friction force the road exerts on the tires is static friction. But if the static friction
force is not greatl enough, as under icy conditions, sufficient friction force cannot
be applied and the car will skid out of a circular path into a more nearly straight
path. See Fig. 5-12. Once a car skids or slides, the friction force becomes kinetic
friction, which is less than static friction.

Skidding on a curve. A 1000-kg car rounds a curve on a
flat road of radius 50 m at a speed of 50 km/h (14 m/s). Will the car follow the
curve, or will it skid? Assume: (a) the pavement is dry and the coefficient of
static friction is p, = 0.60; (b) the pavement is icy and p, = 0.25.

APPROACH The forces on the car are gravity mg downward, the normal
force Fy exerted upward by the road, and a horizontal friction force due to the
road. They are shown in Fig. 5-13, which is the free-body diagram for the car.
The car will follow the curve if the maximum static friction force is greater
than the mass times the centripetal acceleration.

SOLUTION In the vertical direction there is no acceleration. Newton’s second
law tells us that the normal force Fy on the car is equal to the weight mg since
the road is flat:

Fu = mg = (1000kg)(9.8 m/s’) = 9800 N.

In the horizontal direction the only force is friction, and we must compare it to
the force needed to produce the centripetal acceleration to see if it is suffi-
cient. The net horizontal force required to keep the car moving in a circle
around the curve is
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= 3900 N,

Now we compute the maximum total static friction force (the sum of the fric-
tion forees acting on each of the four tires) to see if it can be large enough to
provide a safe centripetal acceleration. For (a), u, = 0.60, and the maximum
friction force attainable (recall from Section 4-8 that Fy, = u, Fy) is

(Fr)max = s Fy = (0.60)(9800 N) = 5900 N.

Since a force of only 3900 N is needed, and that is, in fact, how much will be
exerted by the road as a static friction force, the car can follow the curve. But
in (b) the maximum static friction force possible is

(Fidmax = #s Fx = (0.25)(9800 N) = 2500 N,

The car will skid because the ground cannot exert sufficient force (3900 N is
needed) to keep it moving in a curve of radius 50 m at a speed of 50 km/h.

The possibility of skidding is worse if the wheels lock (stop rotating) when the
brakes are applied too hard. When the tires are rolling, static friction exists.
But if the wheels lock (stop rotating), the tires slide and the friction force,
which is now Kkinetic friction, is less. More importantly, the direction of the
friction force changes suddenly if the wheels lock. Static friction can point
perpendicular to the velocity, as in Fig. 5-13b, but if the car slides, kinetic
friction points opposite 1o the velocity. The force no longer points toward the
center of the circle, and the car cannot continue in a curved path (see
Fig. 5-12). Even worse, if the road is wet or icy, locking of the wheels occurs
with less force on the brake pedal since there is less road friction to keep the
wheels turning rather than sliding. Antilock brakes (ABS) are designed to
limit brake pressure just before the point where sliding would occur, by means
of delicate sensors and a fast computer.

FIGURE 5-12 Race car heading
into a curve. From the tire marks we
see that most cars experienced a
sufficient friction force to give them
the needed centripetal acceleration
for rounding the curve safely. Bul,
we also see tire tracks of cars on
which there was not sufficient
force—and which followed more
nearly straight-line paths.

FIGURE 5-13 Example 5-6. Forces
on a car rounding a curve on a flat
road. (a) Front view. (b) top view.
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