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ON WEIGHTLESSNESS

It will be surprising if the letter from
Frank Goodman' about weightlessness
does not elicit a number of responses. This
is a topic that turns physicists into enthusi-
astic advocates of conflicting positions. It is
a classic Humpty Dumpty situation
{(**When [ use a word, it means just what [
choose it to mean...”), for it is ultimately a
question of opinion and definition. How-
ever, | find myself siding with Robert
Fhrlich,? not with Frank Goodman, in this
matter.

I would claim that “weight” and
“weightlessness™ have as much to do with
physical sensations as they do with physics.
The whole concept of weight is rooted in
the feeling that some force is always trying
to drag us downward, and does so unless an
upward supporting force is supplied to pre-
vent it. Our only direct measure of weight,
in fact, is the magnitude of this supporting
force. With the help of Newton’s second
law we have an indirect measure, based on
the observed magnitude of our downward
acceleration if the support is removed. We
recognize, however, that weight is not an
intrinsic property of a body; it depends on
the body’s location and state of motion. For
an object at rest with respect to the Earth.
what we call its weight is, as we knaow, the
resultant of the true gravitational force and
a centrifugal force. Weight is thus a curious
hybrid, the combination of a true force aris-
ing from fundamental interactions and what
is often called a fictitious force—even
though in the framework of the rotating
Earth it is very real. Perhaps because of
this, the International Burean of Weights
and Measures (BIPM) does not baldly say
that weight is a force: it says “The word
weight denotes a quantity of the same
nature as a force [my underline]; the weight
of a body is the product of its mass and the
acceleration due to gravity.”?

What does all this have to do with
weightlessness? The connection appears
when we consider other possible frames of
reference. The International Standards Or-
ganization expands somewhat on the BIPM
Statement and defines weight as follows:
“The weight of a body in a specified refer-
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ence system is that force which, when ap-
plied to the body, would give it an accel-
eration equal to the local acceleration of
free fall in that reference system.”* This
corresponds precisely to a definition of our
own weight as what we would measure, un-
der any circumstances, if we stood on a
bathroom scale. Qur weight (let us not
muddy the issue by calling it “apparent
weight”) increases when we are in an el-
evator with an upward acceleration, and de-
creases when the elevator has a downward
acceleration. By this definition, an astro-
naut in a spacecraft orbiting the Earth has
zero weight—i.e., is weightless. But so
also, I contend, is a penny or a human be-
ing in free fall at the Earth’s surface, be-
cause their actual physical states are
equivalent to that of the astronaut. To see
this, consider the internal stresses acting on
a given object. For the astronaut in a space-
craft, raising the arms is effortless; the sub-
jective effect of what we commonly call
gravity has vanished. But the same holds
for a person in free fall anywhere, for
whom the arms cease to tug on the shoul-
ders, and so on. It manifestly holds, too, for
any deformable object. A liquid drop,
which is flattened when sitting on a hori-
zontal surface, becomes spherical when
falling. because it is no longer sensitive lo
the particular combination of gravitational
and centrifugal forces that defines the local
value of g. And although the effect may not
be visible for more rigid objects, it is cer-
tainly there.

I think that this vanishing of internal
stresses is the most logical criterion for de-
fining what we mean by weightlessness in
any circumstances—not just in a spacecraft
that itself provides a freely failing reference
frame in which g is zero. By the same to-
ken, the increase of internal stresses if we
are in an elevator accelerating upward—the
increased force with which the rest of our
body presses down on our feet, the sinking
feeling in the stomach, etc.—corresponds
precisely to an increase in what we would
colloquially and subjectively call our
weight and the weight of our internal or-
gans. With special regard to an object that
is released from rest to fall vertically near
the Earth's surface, I would argue that it

has weight W, measurable on a balance, be-
fore it is released, but also becomes weight-
less once it is falling, with an acceleration
g relative to the Earth equal to W/m. In this
transition there has been a major change in
the physical condition of the object.

Have I put myself into a logical contra-
diction? I do not think so. I cannot deny, of
course, that the gravitational force and the
centrifugal force (supplemented now by a
Coriolis force) continue to act on the body
as it falls. But I think that if 1 define
weightlessness in terms of the physical
state of the object. my position is justified.
What I am in effect arguing is that the body
itself defines the reference frame within
which its weight should be measured. I am
sure that many others will see the situation
differently, but I urge such people to imag-
ine what it feels like to be in free fall, and
to consider seriouslv the merits of the
above discussion. I admit that it /s all a
matter of definition. But since I began with
Humpty Dumpty, let me end with what a
distinguished philosopher once said about
him: “[He] must take an honourable place
among those who have antempted to free us
from the bondage of symbols which are our
own creation.” *
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