FIGURE 5-26 (a) An object in an
elevator at rest exerls a force on a
spring scale equal to its weight.

(b) In an elevator accelerating

true weight. (¢) In a freely falling
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elevator, the object experiences

FIGURE 5-27 Experiencing

weightlessness on Earth.
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Weightlessness

People and other objects in a satellite circling the Earth are said to experience
apparent weightlessness. Let us first look at a simpler case, that of a falling
elevator. In Fig. 5-26a, an elevator is at rest with a bag hanging from a spring
scale. The scale reading indicates the downward force exerted on it by the bag.
This force, exerted on the scale, is equal and opposite to the force exerted by
the scale upward on the bag, and we call its magnitude w. Two forces act on the
bag: the downward gravitational force and the upward force exerted by the scale
(Newton's third law) equal to w. Because the bag is not accelerating, when we
apply £F = ma to the bag in Fig. 5-26a we obtain

w — mg = 0,
where mg is the weight of the bag. Thus, w = mg, and since the scale indicates
the force w exerted on it by the bag, it registers a force equal to the weight of
the bag, as we expect.
If, now, the elevator has an acceleration, a, then applying 2 F = ma to the bag,
we have
w — mg = ma.
Solving for w, we have
w = mg + ma. [ais + upward]
We have chosen the positive direction up. Thus, if the acceleration a is up, a is
positive; and the scale, which measures w, will read more than mg. We call w the
apparent weight of the bag, which in this case would be greater than its actual
weight (mg). If the elevator accelerates downward, a will be negative and w, the
apparent weight, will be less than mg. The direction of the velocity ¥ doesn’t
matter. Only the direction of the acceleration a influences the scale reading.
Suppose, for example, the elevator’s acceleration is 5 g upward; then we find
w = mg + mlzg) = smg.

That is, the scale reads 13 times the actual weight of the bag (Fig. 5-26b). The
apparent weight of the bag is 13 times its real weight. The same is true of the
person: her apparent weight {(equal to the normal force exerted on her by the
elevator floor) is 14 times her real weight. We can say that she is experiencing
1 lqs just as astronauts experience so many g's at a rocket’s launch.

If, instead, the elevator's acceleration is a = —ig (downward), then
w = mg — +mg = tmg. That is, the scale reads half the actual weight. If the
elevator is in free fall (for example, if the cables break), then a = —g and

w = mg — mg = 0. The scale reads zero. See Fig. 5-26¢. The bag appears
weightless. If the person in the elevator accelerating at —g let go of a pencil, say,
it would not fall to the floor. True, the pencil would be falling with acceleration g.
But so would the floor of the elevator and the person. The pencil would hover
right in front of the person. This phenomenon is called apparent weightlessness
because in the reference trame of the person, objects don’t fall or seem to have
weight—vet gravity does not disappear. It is still acting on the object, whose
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