FIGURE 4-29 Example 4-17.

FIGURE 4-30 Example 4-18.

FIGURE 4-31 Example 4-19.
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CONCEPTUAL EXAMPLE 4-17 | A box against a wall. You can hold a
box against a rough wall (Fig. 4-29) and prevent it from slipping down by
pressing hard horizontally. HHow does the application of a horizontal force
keep an object from moving vertically?

RESPONSE This wont work well if the wall is slippery. You need friction.
Even then, if you don’t press hard enough, the box will slip. The horizontal
force vou apply produces a normal force on the box exerted by the wall. The
force of gravity myg, acting downward on the box, can now be balanced by an
upward friction force whose magnitude is proportional to the normal force.
The harder you push, the greater Fy is and the greater F, can be. If you don't
press hard enough, then mg > p, Fy and the box begins to slide down.

Additional Examples
Here are some more worked-out Examples that can help you for solving Problems.

CONCEPTUAL EXAMPLE 4-18 | To push or to pull a sled? Your little

sister wants a ride on her sled. If you are on flat ground, will you exert less
force if you push her or pull her? See Figs. 4-30a and b. Assume the same
angle # in cach case,

RESPONSE Let us draw [ree-body diagrams for the sled—sister combination,
as shown in Figs. 4-30c and d. They show, for the two cases, the forces exerted
by you, F (an unknown), by the snow, F, and F;,, and gravity mg. (a) If you
push her, and # = 0, there is a vertically downward component to your force.
Hence the normal force upward exerted by the ground (Fig. 4-30c) will be
larger than mg (where m is the mass of sister plus sled). (b) If you pull her, your
force has a vertically upward component, so the normal force Fy will be less
than mg, Fig. 4-30d. Because the friction force is proportional to the normal
force, Fr, will be less if vou pull her, So you exert less force if you pull her,

(b)“

Pulling against friction. A 10.0-kg box is pulled along a
horizontal surface by a force Fp of 40.0N applied at a 30.0° angle. This is like
Example 4-11 except now there is friction, and we assume a coefficient of
kinetic friction of 0.30. Calculate the acceleration.
APPROACH The free-body diagram is like that in Fig. 4-21, but with one
more force, that of friction; see Fig. 4-31,
SOLUTION The calculation for the vertical (v) direction is just the same
as in Example 4-11, where we saw that Fp, = 200N, F,, = 34.6 N, and the
normal force is Fy = 78.0N. Now we apply Newton’s second law for the
horizontal (x) direction (positive to the right), and include the friction force:
Foo — Fy = ma,.
The friction force is kinetic as long as F; =
which it is:
Fy = By = (0.30)(78.0N)

wy Fy is less than Fp, (=34.6 N),

234 N.
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