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Support Force Occupants in today’s space vehicles feel weight-
less because they lack a support force. They’re not pressed against 
a supporting floor by gravity, nor do they experience a centrifugal 
force due to spinning. But future space travelers need not be subject 
to weightlessness. Their space habitats will probably spin, like the 
ladybugs’ spinning bicycle wheel, effectively supplying a support force 
and nicely simulating gravity. 

The interaction between the man and the floor of a space habitat, 
as seen at rest outside the rotating system, is shown in Figure 12.20a. 
The floor presses against the man (action) and the man presses back 
on the floor (reaction). The only force exerted on the man is by the 
floor. It is directed toward the center and is a centripetal force. As 
seen from inside the rotating system, in Figure 12.20b, in addition to 
the man-floor interaction there is a centrifugal force exerted on the 
man at his center of mass. It seems as real as gravity. Yet, unlike grav-
ity, it has no reaction counterpart—there is nothing out there that he 
can pull back on. Centrifugal force is not part of an interaction, but 
results from rotation. It is therefore called a fictitious force.

Challenges of Simulated Gravity The comfortable 1 g we 
experience at Earth’s surface is due to gravity. Inside a rotating space-
ship the acceleration experienced is the centripetal/centrifugal accel-
eration due to rotation. The magnitude of this acceleration is directly 
proportional to the radial distance and the square of the rotational 
speed. For a given RPM, the acceleration, like the linear speed, increases 
with increasing radial distance. Doubling the distance from the axis 
of rotation doubles the centripetal/centrifugal acceleration. At the 
axis where radial distance is zero, there is no acceleration due 
to rotation.
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FIGURE 12.20 �
The man inside this rotating space habitat experiences simu-
lated gravity. a. As seen from the outside, the only force 
exerted on the man is by the floor. b. As seen from the inside, 
there is a fictitious centrifugal force that simulates gravity.
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� Teaching Tip  Discuss rotating 
space habitats. Show how g 
varies with the radial distance 
from the hub, and with the 
rotational rate of the structure.

Earth has been the cradle 
of humankind; but humans do 
not live in the cradle forever. 
We may eventually leave our 
cradle and inhabit structures 
of our own building, structures 
that will serve as lifeboats 
for planet Earth. Such a 
prospect is exciting from both a 
technological and a social point 
of view.
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Small-diameter structures would have to rotate at high speeds to 
provide a simulated gravitational acceleration of l g. Sensitive and deli-
cate organs in our inner ears sense rotation. Although there appears 
to be no difficulty at a single revolution per minute (1 RPM) or so, 
many people have difficulty adjusting to rotational rates greater than 
2 or 3 RPM (although some people easily adapt to 10 or so RPM). To 
simulate normal Earth gravity at 1 RPM requires a large structure—
one almost 2 km in diameter. This is an immense structure compared 
with the size of today’s space shuttle vehicles. Economics will probably 
dictate that the size of the first inhabited structures be small. If these 
structures also do not rotate, the inhabitants will have to adjust to liv-
ing in a seemingly weightless environment. Larger rotating habitats 
with simulated gravity will likely follow later. Imagine yourself living 
in a rotating space colony such as the one shown in Figure 12.21.

If the structure rotates so that inhabitants on the inside of the 
outer edge experience 1 g, then halfway between the axis and the 
outer edge they would experience only 0.5 g. At the axis itself they 
would experience weightlessness at 0 g. The possible variations of g
within the rotating space habitat holds promise for a most different 
and as yet unexperienced environment. We could perform ballet at 
0.5 g; acrobatics at 0.2 g and lower g states; three-dimensional soccer 
and sports not yet conceived in very low g states. People will explore 
possibilities never before available to them. This time of transition 
from our earthly cradle to new vistas is an exciting time in which to 
live—especially for those who will be prepared to play a role in these 
new adventures.12.6

CONCEPT
CHECK ...

...  How is gravity simulated?

� FIGURE 12.21
This NASA depiction of a 
rotational space colony may 
be a glimpse into the future.

The idea of a rotating 
space station to keep 
astronauts’ feet on 
the floor, wonderfully 
shown in the 1968 
movie 2001: A Space 
Odyssey, and in Arthur 
C. Clarke’s 1973 book 
Rendezvous with 
Rama, is credited to 
the Russian scientist 
Konstantin Tsiolkovsky 
in 1920.
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 From within a 
rotating frame of 

reference, there seems to be an 
outwardly directed centrifugal 
force, which can simulate gravity.
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